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Tnz  very  coiisirlcrablc   increase  in  the  sue  of  this  work, 
iiisod  by  the  elaborate  rovisioa  of  Mr.  Watt«,  bos  Ictl  to  Us 
iivisioD  in   England  into  two  volumes,  which  appennMl   nt  nn 
intenral  of  acvorni  moiilhs.     In  reprinting  it,  by  the  iitw?  of  a 
imall  but  C3C0ce<Hugly  clear  type  it  haji  been  comiitusscil  into 
me  Tolume,  which,  it  is  hoped,  will  be  fonnd  not  unhand}'  for 
itudy  and  reference.     While  no  omistiions  have  been  made,  the 
[American  editor  has  felt  lh.it  the  enlargement  of  the  work  has 
■tvudereil   it  advisable  for  him  to  conQnc  his  aiUlitions  to  the 
narrowest  compflss.     In  the  portion  dcroterl  to  Organic  Chem- 
istry, the  very  recent  revision  by  Mr.  Watts  has  presented  so 
^complete  a  view  of  the  most  loo^lera  a8(tecl  of  the  subject  that 
['there  baa  been  nothing  to  add.     In  the  earlier  portion,  however, 
*me  few  dUcoveries,  annonnced  since  its  publieation,  a  year 
igo,  have  been  intro<iuce<l-     For  the  convenience  of  students 
ho  arc  not  fmnilinr  with  the  Decimal  Syntem  of  weights  and 
Imcasures,  and  the  Centigrmie  Ihennometer,  the  corresponding 
ifigurcs  of  the  standards  in  popular  use  have  been  introduced 
'in  brackets.     This  will  afford  a  meana  of  comparison,  by  atten- 
'tion  to  which  the  rejider  can  readily  accustom  himttelf  to  the 
finetric  system,  which  is  so   nipidly  auperswliug  all  others  iu 
|»cientifio  investigation. 

In  its  enlarged  and  improve*!  shape  it  is  hoped  that  the  work 
■ill  fully  maintain  its  claim  to  the  favor  which  it  has  so  long 
►Djoyed  as  a  full  and  intelligible  guide  to  Chemical  Science, 

PutLADKU'lIU^  MaV,  1&78- 
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PREFACE. 


The  design  of  this  work  ia  to  offer  to  the  stmlent  corameii? 
ing  the  atudy  of  Cbemistry  an  oullioe  of  the  gfueral  principlea 
of  IhAt  scieDce,  and  n  history  of  the  more  importiuit  among  the 
Very   caniorouR   IkkIjcs   which    Chemical    luvt'Stigations   have  ^ 
made  known  to  us.     Jt  has  no  pretensions  to  ho  considered  a  ^M 
conoplete  treatise  on  the  subject,  but  is  intended  to  serve  as  an 
introductioD  to  the  liitger  and  more  comprehensive  s^slematic 
works  in  our  ovra  language  and  in  those  of  Ihe  Contiiu-nt;  nnd 

t especially  to  prepare  the  student  for  the  perusal  of  original 
neiDoirB,  which,  in  conjiinction  with  practical  InBtruetion  in 
the  laboratory,  enn  alone  afford  a  real  acqunintauoo  with  the 
spirit  of  research  and  the  rtsourcca  of  Chemical  Science. 
The  first  three  editions  were  prepared  by  thu  Author,  the 
thirti  being  nearly  completed  shortly  before  his  death  in  Jan- 
uary, 1849,  and  publi^he^l  at  the  beginning  of  the  following 
year,  under  the  editorship  of  Ids  friend,  the  late  Dr.  U.  Bence 
Jonea. 

In  the  six  following  editions,  which  were  edited  by  Dr.  Ucnee 
Jones  and  Dr.  Uoftnann,  a  large  amount  of  new  and  important 
matter  was  added;  and  in  the  tenth  etlition  (1868),  by  Dr. 
Bence  Jones  and  the  present  Editor,  it  was  found  necesftnry,  in 
consequence  of  the  rapid  advance  of  the  science,  and  tliu  groat 
changes  which  liad  taken  place  in  the  entire  system  of  Chemical 
I*hilo*iophy,  to  make  eonsiderable  alterations  and  additions  in 
almost  every  part  of  the  work. 

The  chapter  on  the  General  Principles  of  Chemic^  Philoso- 
phy was  accordingly  re-written;   considerable  additions  were 
mailc  to  the  dencriptioua  of  the  metals,  es|)ecially  thoHe  of  rarer 
urrenc«;  and  the  distinguishing  reactions  of  the   several 
»  were  given  more  fully  than  in   former  editions.     The 
r  part  of  the  Organic   Chemistiy  was  also  re-written, 


*fi\^f^au\j  thft  <ie«cirAM  relaxoi^  to  rbe  Hjirocarboaa.  Akobols^ 

Ja  tru^  lAAt  «fiItion.  a.  eonAderaibie  aoocnS  of  wt^  aia£C«r  va» 
a^«l4^.  '^-.^i^^j  r*:ia:iz;^  &>  Ovgwaac  CWaiaCrr :  uki  *»  tbese  ad- 
ditiz/TM  ar«  ^xktiaoAQj  irw  i>  MJiife,  it  Itti  b«CK  fixisd  iheceiaao'. 
m  th^  pr«4«at  erlUioo.  to  dnide  the  wock  iato  tvo  To^ame^ 
tbe  ftrU  ineiofim^  Cbemusd  Phr»c4  ami  Inorganic  Cht^mistrr. 
snd  Uwt  A^«:^>iv1  b^Dg  deToted  to  Organic  Cfaemlstry. 

Th<t  pLin  adopted  bj  the  Aotikor.  of  dieacriba^  the  noo- 
M«CaUic  cjementa  and  their  compoonds  with  one  aDoCiier,  before 
tntmttff  of^jQ  the  ductiwion  of  the  general  principles  of  Cbem- 
l«a]  Pbilo!v>|ihyf  U  retained,  as  the  understanding  of  these 
OtrwsTMi  Principle*  U  greatlj  CMnlitatetl  by  the  prerioos  stady 
of  a  nomber  of  n^:\al  ia^tances  of  tlieir  applicatioo :  hot  a 
th^fTt  ftUUrment  of  the  most  important  Laws  of  Chemical  Com- 
Mnati//n,  and  of  the  fomlameotal  principles  of  the  Atomic 
Tli^^ry,  1%  given  immerliately  after  the  description  of  the  com- 
jffmft*U  of  oxygen,  in  order  to  introdoce  the  student  as  soon  as 
jftftmUAe  to  ttie  expresMion  of  chemical  combinations  and  reac- 
tions \/y  HymU>nc  Notation. 

Tlie  WHghts  and  Measures  used  arc  those  of  the  French 
fftrUntil  Hyht*;ra.  Temperatures  are  expressed  in  the  Centi- 
gra/U;  .Scale,  except  where  the  contrary  is  stated.  A  compara- 
tive Table  of  the  Centigrade  and  Fahrenheit  Scales  is  given  at 
the  end  of  the  first  volume. 

\jt%iHtJ(f  February,  1877. 


The  division  of  this  Manual  into  two  volumes  has  affortlcil 
th<^  uif'AUH  of  treating  the  subject  of  Oboanic  Chemistry  more 
fully  tliMii  waM  fK>ftsiblc  in  tlie  previous  Editions. 

Til*!  nrrfin^oment  adopte*!  in  the  present  E<Ution  is  the  same 
III  prinrriph;  nn  in  the  lawt,  organic  compounds  Ix'ing  clnssitie<l 
nt'.*'.*tT{\\\\%  U>  thf'ir  chemical  structure  and  functions — as  Hy<lro- 
<;arbo(m,  AIcoIioIh,  Fathers,  Acids,  Bases,  etc.,  and  the  compounds 
In  *'ii''li  (itroiip  arranged  in  Homologous  Series. 

I'ui'thMitur  att*!ntion  has  been  given  to  the  study  of  I  some- 
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rism,  especially  aniougst  the  Derivatires  of  Benzene,  our 
kuowledge  of  the  isomeric  relations  of  these  bodies  having 
lately  attained — through  the  classical  researches  of  Koeruer 
and  other  distinguished  chemists — a  high  degree  of  precision 
and  completeness.  This  part  of  the  subject  is  here  presented 
in  a  form  in  which  it  has  not  yet  appeared  in  any  English  pub- 
lication, except  the  "Journal  of  the  Chemical  Society." 

The  portion  of  the  previous  Editions  relating  to  Pbysiologi* 
cal  Chemistry — including  the  description  of  the  Tissues  and 
Fluids  of  the  Animal  Body,  and  the  Functions  of  Nutrition 
and  Respiration — is  omitted  in  the  present  Edition,  this  depart- 
ment of  Chemistry  having  now  become  so  extensive  as  to  re- 
quire treatment  in  separate  works. 

HENRY  WATTS. 


September,  1877. 
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Potassiam,  293 — Sodinu 3<»3 

Al  kUioiMrr       .         .  :4i  t7 

Ammoninm — ^Ammoiii&eal  S/ilUt— Autk-  Ai;id«  aud  Amide*    .        314-319 
LiUiiiUQ— Cjvsiuiij — Kabidium 3a.fc-321 

Groap  11.— surer,  321— GuM 3*ja 


Clam  II. — Dtap   Uitalh. 

Groap   I. — MetaU  of  tliu  Alkaline   Karlbs    . 
Barium,  329 — StronliiuD,  331 — Caluiuui        .... 

Groap   I.  (Appondbi  to)— Metali  of  the   Eartht 

Ainmlniiim  (triad?),  33i) — BiTvlUrizn,  or  Oliicintiin  (dyad) 
34-1 — Zirr'tnium  (^i-trtt'I).  'M^t — Tliurintim,  or  Thorium  (to 
tra>t).  '6Ati — CVritim,  ItAnthnnnm,  and  Did/miuw  (irindit) 
347 — Vttrinm  and  Erbium  (iriada)         .... 

Rractjuns  nf  the  fclartU-iuotalj       ...... 

MAnafacturu  of  01a«8,  Porcelain,  and  Karlhenware 

Group    M. — Magnoaiiim,  Sr.n — Ziii**,  3riS — Tjwlmium 

Crroop   III. — ('nppor,    360 — Mrrrury,    'M',4 — Animoniacal   Mcr 
eury  oosnpoatida         ........ 


Cijk.9A  HI. — Tbiaii  Metals 
TbaUtam,  372— Indium.  37t>— (lallium 


329 

saa 

339 


349 
350 

3BI 

3.^9 
3G9 

377 


I 


Clam  IV. — Trtbap  Mbtals. 
Tin,  379— Titanioin,  383— Lead 3F4 

Clam  V. — I' r  n  t  a  n   Hctalh. 

AnUmony,  3S8— ArnMilc.  39^— BtMnulh,  399— Vanadium,  399— 

Tantalum,  404 — Niobium  or  Columbium 40& 

ClahhVI. — Hex  AD   Mktai.a. 

Oirooiinm,   40ft— Uranium,   411i — Tungsten   or   Wolfram,  414 — 

UolyMcunm 417 


Claha  VII. — llafTAP   Mbtal*. 
iganf^f!— «ofl  next  Group. 

Clash  VI 11,     Gbocp  I. — Itnts   Mbtalr, 
Iron,  421— Nlokcl,  429— Coball,  431 — Manganesw 

Class  VUI.    Oaorr  11. — Platiftx  Mktai.s, 
Platinum,  439— Amranniacnt    natiutun  Componnds.  442^PalIa- 


diniM.  447— nii'Hliuiii,  449— I»avyinii,  4r/l— Iridium,  401— Ru 
tln'uium,  4r»5— Osuiiuui     ..••••• 
/ 


434 


457 


C09ITE3ITS. 


PART   III. 

CHEUISTBY  OF  CAJUtOX  COMPOUNDS. 

FAAB 

Irnnnrrnos.'— ^jrstiiMUof  Ori^axucCncnpoiuida  from  Inorganic  SIa- 
ierialfl 4tiO 

DBOoMToamov*  asd  T&AVsroBXArtos*  or  Oboavic  CoicpocirDS  461 

ELEiiniTABT  OK  C'LTixAnc  AsALTvis  OF  Oboafic  Comtocstm      .  4<>5 

Empirical  and  UolecQlAr  Formolje 475 

CLAMiriCATios  opOboasic  CoHTociiDB — Oboabic  8Bax»  .        .  477 

Kfttioual  FormuL* — Uum«ruu 4t>'Z 

Phtmk  Ai.  PmonsmsopOBOASic  CoHTOinrM    ....       4M-490 
X>i*iuiitjr  Bud  Spedfe  Volame,  4£'l — Melting  Bnd  Boiling  Puiut«, 
480--O|itical  Proprrtie»— Rtrfractire  Power,  483— Circular  Po- 
ItfiuKion,  490. 

p  

METHANE    DERIVATIVES    OR   FATTT   GROUP. 

Hvi>KfM.*ABBO»li: 

First  Series,  C»n^+,. — Pftraffins 492 

IM>;t)i!ini« — Ktliane — Prupjuiu — ButAOes — Pvntaiies^Hezuie* — 
IlMTiUni^ 498-500 
pBrafflns  of  Hivrhcr  Orders — Sftlid  PariiAn,  Ozooerito,  Hatobcttin 
«?tc. — Pftrolrain 501 
Bocona  Serie»,  C^H^— Olef  i  nea           ....        502-^508 
Kth(?n(^  or  lithyk'nc,  51H>^Propeuo  or  Propylt-no,  500^But«n«t, 
&Oli — Pt-ntciiia!,    507 — Uexene,    50« — Ucpt^ne,    508 — Octvne, 
&08— Cut«n«,  508. 
Thtrrt  Series,   C„n„^ 509-512 
Aortyleno  w  KtUino,  510— Allrlcne,  51S— Crotonjrtonv.  51^— 
ValrryU-iiv,  512— llexines,  5*12 

Fonrlh  Series,  C„H^_,— Val^lene 513 

Fifth  Sffriea,  C,H,,_g— Dipropargyl  ....       513 

PfiALOom  Dkbivatitk«  of  the  IItpkotabbosp — H \i,nTi»  RrnERB  .         ,       514 
f    MonaUmiie  Halolti  Kthera.  (.„H,.+,X,  514— '\H^_,X.  515— IHa- 
tomic  Haloi'l   Kthcr»,  C^H^X,,  51G — Trialomio  llaloTd  Ethers, 
r  n,„_,X3.  rhlorofonn,  Brumofonn,  IiMlofonn,  etc.,  520 — Ualoid 
AUvn  of  llightT  OnK'ni,  521. 

^DIirBorABAmBS 523 

AHtDOPABArPIVB 527 

AsorAUArriNS,  NiTUiw  OB  Cyanidrs 527 

C/sn'*gi'n  ATt'l   Parftcynnogt'ii,   528 — Ilydrogcn  C.vanide,   H3'dro- 
^_  cyanic  or  PriiiMtic  acid,  528— Mflallic  (*yAnid*?«,  530 — Ferm<_va- 

^L       nfdi'H — Ferri<'yanideB — Prussian  blau— ^obatticyanidva— Kitro- 


I 

I 

I 


rAoa 
AloohoHe  CyKoiAm,  or  UyArocyv\ic  Ktlittrs — Uorjauidcs  or  Cnr- 

bauiiue^ 627-^:t8 

Qr&nic  and  Cjrauurio  arirf.^ — Fiilmintc  arid — ^Pulminurie  atld       tiUlMi43 
Cjraiiogon  Cblorldos,  Br  >le,  and  Stilidiid*  .         .       544^ 

Tbii^cranic  acid,  54-1 —  Kther«,  .14t>. 

Allyl  Isothiitcryauato  or  Vuiaiuc  iM  of  Muatard — TK)<Msinainin<^^ 

SiuotuiuH  ..........       &47 

8r!'-"-     ■■-.+.■« M7 

All-  I 'iT'*«  of  Cyanic  mid  Tyamirio  acids  .         .        548—500 

Cy:-.:  r.4b — ('yaiitirainidft* — Mt*lan]tn«,  Ammolitic — Amuit*- 

lid»— Uoiain^-llcllont^-C^ainvluno  acid,  &49. 


Alcouolb  asd  Etbeb9 


OxTgpa-«"tbf.Ts — ("••m pound  Bthera        ...... 

S^rmmctriral  and  l'ni>rinin«!trioal  Componnd  Ellieni — Salpliunie 
and  Sulpbiiitc  acid«,  utc.  ........ 

Monatomlo  Aloohola  and  Ethers: 

1.  Containing  tUe  Kadiolei  C.H,^^,  Uomolngons  wltli 

Methj-I 

rrlmaiy,  Secondary,  and  Tertiary  Aloohuls-*Ni>nnal  and  IiKiatt.<v- 

lilds 

Methyl  .Mooliol  and  Ethers 

Kthyl  Alcvhul 

CommMrcial  Spirit — Win«? — B*ht— Vinous  F»-nnt'ntalion 

£thyiic  ICthfrM  :—Ch\vr'u\L\  Itn<iiiidc,  TiMlide,  nC!> — Oxldo,  RTO — ?Ji- 
trftle,  Nitritts,  i73 — Siilphttlc*.  .'i74 — Sulpliltrt  :  Kthyl-snlphnnio 
and  «ulpliinlc  Ajcids,  574 — Ph^isphatcfl,  574 — PhoFphitfa,  675— 
Uoratest  07*1 — Silicates,  tnt't. 

Ethylie  Thio-aleoltoL  and  Ethera 

Ethyl  TelluriJe  and  S^ltmido 

Propyl  Alirjhnlji  and  Ethen*,  fi7« — ^Trtryl  or  Bulyl  Alcohols  and 
Ktlii-rs.  5S1 — Pfiityl  Alcohola  and  Kthprs.  5S3 — Aiavl  Alo*dio1, 
5>4— ilfxyl  Alo.buls  nnd  Ktli.-nt,  5HH — ||,.].tyl  Alwhuls  nnd 
Btlirn*,  UW — <)rlyl  AlcohnU  and  KthtTfl,  5i»l— .Nonyl  Alrnhol, 
693— Dec'vl  Alcohcl.  Hox'b'cyl  or  Ctflyl  Alvuhol,  cWyl  Aluohol, 
694— Myricyl  Alcohol,  505. 

2.  Monatoml  0  AlooholB,  C.H^O 

Vinyl  Alcohol,  595— All.vl  Alojbnl.  !i!ir.. 

Dlatomlo  Aloohola  and  Ethers 


&S1 
6&3 

6H 


656 

667 

65  » 
&C3 
6(iS 


676 
67S 


I 


Mt'tlwMie  EthiffH,  Mi*tboni^tilpboni<:  aviib,  Methionlc  acid,  Sulph- 


6D5 


607 


600 


Etl  M.l  or  Glycol 1*01 

Eib. ...  ■.i^.,i.:,  ijn2 — Polyffthenic  AloidiolH.  i;o3 — ^Blhoni^ulphonlo 
acrlda  :  laethionic  acid,  Tanrino,  Ethinuio  acid,  and  Anhydride, 

ew. 

Cthid4-nf*-oompound«. — ArMnl         .......       <K)6 

Pro|)fnc  (JIvcoIh.  CO' — Butene  Olyoolft,  607 — Ifwpont^ne  or  Amy- 

b-np  Oly«^>!,  (;og — Uoxeno  Olyools,  Diallyl  HydraU»,  Pinacone, 

60S. 


ft 


tvi  COXTK?TT8. 

rxam 
Triatomlo  Alcohols   and   Ethers         .        .        «        .      mo 

PntiM?nyl  .\li.>>Iiol  or  tjlye^rin         .......       Ot'D 

(ijTcerin  Hthen  or  (ilyoerides,  Chlorhjrdrine,  Bromhydrins,  etc., 

6n-tii3 

Oljrcide-cympounds,  013 — Polyglyccrius,  tll6 
Isopenten^I  Altxihol  ut  Amvl-glyeeriu  ......       615 

Tatratomfo  AlcoholsandZttheis*  Brythritti — Ethylic 

Ortli.KrarUmato      . 616 

Bexatomio  Aloohols  and  Sthers      ....      616 

Satnratud  lItfXii|tomic  Alcohols — Mauiiite,  617^Duldte,      618 
ttl« — laoduldtc — Pinite — Quurcite 619 

Carbohydrates 619 

C/ucoxu,  ............       G2U 

Dextrwf ,  621 — I.#-rnln«o,  C22 — Mannitoso,  623 — (ialacl-Mr,  623 — 
InofiiU  or  PIi/is<*<^inaniiile.  62:J — tJorbiu,  623 — Kucilyu,  6:14 — 
Damboee,  6:^4— (.iluL-^Mide:*,  6:M. 

/W^fjr/MCOMC  Alcckoi*  or  SaceJtarotes 634 

C&ucs4Uf;ar  or  Saock&rosio,  634 — I'arasncch arose,  627 — Mclitos*, 
627— Mr-U'iilose,  627— Trobflloso,  627— Mycoec,  627  — Milk- 
■ugar,  Laotiii  or  LacU>s>*,  621* — M;iUo6u,  629. 

Orygeit-ethen  or  Anhtftlruhs  n/  the  r\iiyjlucuiir-  AicahoU:  Amytou*        .        629 
Starch,  630— Iiiulin,   631— Glycogen,  631— Dextrin,  632— CVUa- 
loa*.  633 — Xyloidin  and  Pyroxylin,  634 — Tunicin,  635 — (rum, 
63j. 

A  »  I  n  R  t 636-649 

MonamlneB:  Methylaminee,  640 — Ethylamines,  641 — Pro- 
pylamine's, t>4;j^ButyIamiues,  643 — Pentylaiainos,  644 — Rivm- 
ethyl-  and  Ktheiiyl-  or  Viuyl-baats,  G4ii — OxetUeue-burfea  or 
llydrauiiutjft — ChuLluu — Neuriuu — Butalue,  642. 

Diamines:    Ethene-diainines,  64U — Mvthnnyl'diandnos,  647> 

Triamlnea;    Ethoni'-triasitines,    04fi — Guanidinu   or    Carbotri- 
amini*,  64U. 

PhoaphoruB,  Arsenic,  and  A  u  t  Imony  •  bases  650-n.'i7 

Ph  o^  pli  i  n«^s,  6Mt — A  rspnir-bas  us — Triclhylnrsiuo,  651 — 
ArsiMidiuii'tliyl  or  (.'awxlyl,  6.12— ArKoiimononietbyl,  6-'i4 — .\u- 
t  i  mony- ba  8<>!«  or  Stibinos — Trirtbylstibinc  or  KtiU-thyl 
— Tt'traui(*tby  l»iiboniiim  Uydratt*,  6.15 — T  rlothylbiBma- 
t  h  i  n  u  or  R  i  H  lu  t*  t  b  y  1  ,  d^^— D  i  a  t  o  ni  i  o  Bases  of  the 
Phosphnriis  and  Ars(*qic  Bories,  6A6. 

OROA.*ro-BDRox  CoMPOCXD«  :  Boric  Trielhide  or  Borvtbyl — Bormt^tbyl       057 

OaOAKO-SILICOX  COMFOCXPS 659 


COVTEMTA. 


XTi 


OftaA«e>«rTALUc  CoMPorva* 


cUiiik  and  Ztn^asMkidv,  <ia— Mvvcorte  Ethid^,  He^Jkkdm^  «ta^ 
643.     T&A-OMpoaBdt :  SUasiuv*  nd  Stonnip  Blhiife  sni  !!*• 
m— Flambie  BtUOcw  M4. 


r 


Polrmarie  ModlSealtoat,  flat— H*lnj»ai4«rty»Py»i  CIU0r*l,  Btosal, 


Pr 


^le.    C7I— Uifhv  AUah^da  of  the  SrriM, 
\cr7lic  AM«ttx4«  or  AcMUa,  f7S-^>Maiile 


Aldidtvis  

II.    Dvrirvd  frnni  Monalomi*  Alcohols    .         . 
Formic  AMrhjrio,  CGI — Arctic  Aldfb^eor  AaetaU^jnl* 


m4.4n 


MS 


S.  AlilphTd«9  •lerirM  fWm  IMAtomia  Alcottnls       .         .         .         . 
Olroxji,  67-4— (tljnutylic  a^nJ,  674— AUol— SaoeinMi  Ald^livil«>, 
■tf7S. 


LXcToyas 

tHmiitli^l  KctoDfl  or  Afctoite,  S7S. 

OoatfMsaUoa-prodocta  of  Aeetoae: 
Aa«tOB«atB«aa  en. 


TT 


€73  ■ 


9f««ltTl  OKlde,  Pkoraar, 


^pArrifts 


X«tVl.«ihjrI  KoKme,  680— Higher 


601L 


eWUTTS 


Monatomlc   Acld»~1.    Aoida  of   the  Fatt/  S«ri«B, 

IL'.U^O, 6M-713 
Formic  acid,  €B0 — Aoetio  aoid,  893 — Sufastitotrd  Acetic  acids,  699 
^"                       '    -..._..    ,^.j^  acids,  703 — Pestoie  or  Valeric 
ic  adds.  70$-^«p(ow  aeida,  706— 
i  ..^.._. ..    -    ..  .    .  — .    .iilo  or  SonTlir  acid,  707— ftoUc  or 
Capric,  Laurie  and  Meristic  at?ids.  T0» — Palmitic  acid,  70*— 
Margaric  acid,  71*' — Stearic  add,  710 — AracliiJ.it>— Benie—O- 
rotic— M«liMic  acids,  713. 
2.    Acids  of  thf>  Acrvtic  Series.  C.B. O.                   .         713-723 


L 


2.  Acids  of  the  AcrvUc  Series,  C,H,^  ,0, 
Acrylic  aeid,  715— Crotonic  acid,  716 — Isocrotonio— McthacrrHo 
— ADgvtic    acid<,     717 — M*»lhyl-crotonio — Pyr»Jl«»rebio— Hjoro- 

tnrbic»cid»,  71* — Ethrl-^n't'Tii  ■,  Damaltiric,  Damolic,  Moringic, 
Cimicic,  711^ — Hj-poca-ir  a<i'is,  Kluicacid,  719. 

3.  Monalomio  acids.  C,Ht,^0<— TetroUo.  dorbic,  Palmilolic. 
St«arulic.  BvUenolio  adds,  721. 

Carhoketonlc  adds, "i^^a 


will  CO!fTBST«. 


DlNtnmlo  nnd  MonobABlo  AeiAs  CJEI^Q^    .  a^Oi 

(tl\i>it|lii>  n<|i|,  72K— liiu'Uo  or  Oz/propioBic  ■!<<■,  7 
\\  I ii>  m-lilii,  TM — Oxy valorlu  and  Ox/earnie  mmi 
i4ii||i>|it,i|i<  iir  Aiiiylhjrilruxallo  and  Diaajloxalic 
«t\\tii4Hrt|itvUi*  or  l>Miicii>ri>pylozallo  acid,  736— Ci 

Villi. 

i'HlMiitii>  l'th<>i«    Tliliieiirbonli)  Ethen— Chlotocatboalc 
Dim  itmto  Atui  Btbaato  Aolds         ....       73^-^34 

tu  ^\u■  ii.i.i.  vu  -  M.-il.mlt*  AoUl,  74<»— Hvsoxalic  acid,  TCr— Sw- 
I  htii'  iKtil*.  i'4T--rvr<tt{trtAr(r  acUlit,  7fiO— Btbjl'maloBir  aad 
Min.<iti>l  m:iltuiit'   ncUln,  Ailtpic  acMfl,  751— Pimelic,  Sabcnc, 


Viii-1iiMt\  r^i'ttit',  IlinMh^ilif,  ami  Rtiout^lio  adds,  752. 

*)  (' Kuni  til  nioil  Ai'ltlM,  <\H|»40, — ^Pumario  and  mbwh 
II.  (.):•.  ,a:)  li;\<tMiU'.  rtiraiMuIc,  Mtnaoouio  acidi,  755 — ^Parft- 
ixwxW  Hu<t  tl>tlittmuiMuto  Ht'hUi  7AA> 

:t    I  ni<.ti  lit  A  1  imI  .iiMit)i«  rjIg^^O^ — Aoonic and Unoonic arid, 

Tilrti  omio  an«1  Monobaalo  Aolds  75€ 

ij^voti>>  .It-Ill,  V>^  <....■.•»,•  .lNUWr»«/f]t;  l\vruTio  or  Pyroraoemio 
.!>  1.1.  i','  1*     0\\  |u  I u\  w  or  t',irki«vtoxyHc  acid,  758, 

Tilatomlo  «ii<t  ntbaalc  Aoida 758 

r.iinonix'  ;ii  I'U  '.»     Mrtho  a»M.l.  TM* — t>xTpjrrotartarioadd,  76(V— 

Titatomlo  an^tTilbaatc  Actda 761 

Til.  iiKiUvlu'  .1,1.1  ■\,>Mn*.u-  .■».  1.1.  Ti'l — i'lu'luUmio  acid — Mecouio 
».  ;o:\ 

T«tiat«Mnto  AoUta  763-769 

)  i>  ihuTu*  .vi.l- -l^K^\>m.il<«»u' .v;.l        ....•■       7fi3 
r,.iiAi\,'  A,  1.1,  "ti;*— (VxJiv  iAM.tnr  .vU.  Ti*:*— •I.t^Totartaric  acid, 

7[,(. — r.a.u.iii.-«n.'  or  Ka.viu:o  m.  :.K  TiU^— tn.ioiivo  Tartaric  acid, 

7i'>.  HomoiArt*iu*  .v».i,  Ti'>- 
Kh.vtiioiiu  A«).i — <"mK-  .vi»l         .......      768 

P^ntatomto  Aelda:  A^vv^orVu*  A^'i.t 769 

Hvxatomlc    Aetdt:    t^:;-..Nv:ivo   Aoi.l.  T7v^~VMinitic  and 

a,n,i.  TTl. 

r*  nmin,'^*-  urtiVm— ^"atN^pTm^lMiiiiK— <■'*rK^pTrTvli*'*^id— PrTiv4  771 
>SiTfim**t— Vnrfiirvl  Al»vh,Nl^r;irfi;riaiJ.le — FurVuriue  .  .  .  77i 
FiKUN,.!    .."...., 773 


OOXTCXTS. 


XIZ 


Amidea  derived  horn  Monatomie  Acids,  riwi—iMli,  775 

Aoet4iiUiit^^Pr>pu<U3iiui-u* — t5uivr^ttu<i<: — iscvAimnadaf  Ti4m 


TiA 


Amides  derived  from  Diatomic  Monobeaio 

1.  Sterol  Amida:  ^IjintJlBwifln^    larttiiift    f^rti»Mn 

2.  ..4mm-  cr  AmuJic  Acnit .-Alitoinvf 


774-.T91 


AmldMotXio  acid  or  Gl/cociiw,  776 — I>rriTaSaTefl  «f  Gljoarinr: 
SsrcoBiiie,  BeUiiK.  Aceterie  m^A^  779 — Di-  awl  Tri-^^^cMt- 
UittiA  aciidA,  780— AeihliUMiniiiiiiiie    aods:    Aiaac»« 
AmidobatjTw:  acid  or  PropalaaitM,  iH* — ^laidknraleric ; 
Amidoeaproic  aci>I  r<r  LrociAr,  7^1. 

Amides  derived  from  Diatomic  Blbasic  Adda   .  7^91-dO< 

Amide's  of  Oxalic  Acid,  7&Ct— A ■  i d <•  •  of  Sarrinir 
acid,  762. 

Amides  of  Carbonic  ae  14:  Cuhamie  add,  7M— Cirti- 
mide  (Cjaiiic  acid),  TM-^arieeud*  er  L'rs,  iPC  Iwih<1m 
— Hjdrox/1-area— BioKi,  780 — 80^1  AnnfllMtlf  TrJgiiHta 
acid,7S9. 

ZirrwWXMsy  Cmtfimmiiki;  O— ywrarf  rrMVi 

Containing   Aloobol-radiele* :    Mie^hyi-aahamide — BUljl-<:teW- 
midc,  etc.,  7D0. 


7M 


I 


2.  Containing  Add-radiclM :  Aertjl-carhiMiMr,  elo.,  792— TUamr- 
bomkleor  ThkKOfea,  792-^&Ujl-4hMcartjeMaAeor 

793, 


JHyJiiuV^idJArfA*. 


TJrie  acid 
Mod  arof  des 


1.  Metaraiic  Seri*a:  Alloxaa,  797 — AUoxanic  aad — Dialnric  acid. 
797 — Barbitoric  seid,  797 — NilrotiarbitaTic  or  I>iUtanc  acid, 
— NitroK^iarbituric  or  Viotorir  acid,  798 — Amalaliarliiftime 
acid,  I'raadi,  Dislorauide  or  Maresaa,  7M — Thkmmxie  add, 
799. 

3.  (httHeSerio:  Parabuilc  acid,  799— Oxalarlc  add— Oxalaramidc 
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MANUAL  OF  CHEMISTRY 


INTRODUCTION. 


Tae  Science  of  Chemiatr.y  has  fur  it»  object  tUu  studj  of  the  natare  anit 
)ropcTliu»  of  &n  the  mawriala  which  entor  into  the  componitinii  or  alruc- 
turv  of  th<i  earth,  Uie  sea,  luid  the  «jr,  auil  •*(  lh«  rarioufl  org&oixod  or 
iring  bciug?  which  inhabit  tJium.  Kmry  obj(H.a  AoouUilhld  to  aum  ia  thus 
khrftcotl  by  the  wid«  clrclu  uf  (*heniit--nl  Sciftic**. 

fn  ordtuiU'y  sdeutUOc  i»p4*«ch  the  t4.<rtu  chrmical  U  appllod  to  chftnget 

rhich  permanenll/  affect  the  prf/imrli*-!*  or  chariuTtcrv  uf  liodiiti,  in  u[i|)o- 

Ution  to  etfecld   ItTUieii  jthy»tniJ,  whioh   «ro  ijut  attonduil  bv  aiirli  oiuii*'- 

|ii(«»<Hr«.     Changfs  of  flf-iMimpiMitioii   or  i-ombinatiuii  nn*  ihuu  eOHJiv  diH- 

•uislitd.   fn>m    thiwo    trmprfrarily    bruught    alKmt    hy   ht-'ut,   eUtctJ-idty, 

Li«in.  aii'j   (1ip  attnictivt^  furi'mi,  whntiH  li(w<4  ami  efTcc^tft  lie  within 

pruvinoe  uf  Physica  or  Natural  I'bUoiwphy. 

Ni-iirly  »1I  lb«  obj^N.-ta  {»r*:«4^nt4Ml  by  the  visibh'  world  are  of  a  compouml 

ktara,  being  eheiuioal   compounds,  or   varloutily  difipcmiH)   luixtunu  of 

Bhvmical   oumpound»,  capable  of   belug   resolved   iutu  ttiiuplf^r  forma  of 

latta^r.     ThuA,  a  pi*Ht<>  uf  tiiuoHtone  or   marble,  by  the  application  of  a 

heat,  is  decotui>o»i«'<l  iuto  quicklime  and  a  gaseous  body,  cnrbou  diox- 

ile.     Both  limp  and  carbon  dioxldi*  are  in  their  tnm  aasc-fptiltW  of  d<*roni- 

dtion,  the  former  inl4>  raluium  and  oxyf;<'n,  Ihi*  latter  into  carbon  and 

loxygt'u.     Kor    this    purpo**^,    howuvor,  simpU'    heat    doea   not    suffliv,  the 

rcaolation  of  these  aubntant^M  into  thrir  crtmponcntM  duzDanding  the  vxvr- 

tion  of  a  high  degree  of  chemh'Al  enorgy.     Beyond  this  second  step  of 

^dpcmnpottiiiim  the  effort*  of  Cheiuinlry  have  hillierto  lw«n  found  to  fail ; 

tod  the  three  bodies,  calcium,  var1>on,  and  oxygon,  having  rtwisttnl  all 

ktt^nnptA  to  reAolve  th»in  into  simpler  fnruw  of  matter,  aro  aioordhigly 

dmitted  Into  the  llat  of  rUmtnU;  not  from  an  absolatL*  bclivf  in  their  rtnl 

>neneBs  of  uatur«>,  but  from  the  almeuce  of  any  evidenxie  that  thoy  contain 

torv  than  one  desiTiption  of  matter. 

Th«  elenif  ntary  UMtifs,  at  present  reoognix»sl,  are  pixty-four  in  numbitr, 
id  about  fifty  uf  them  belong  lo  the  cla«d  of  nittnU.    Several  of  the&e  are 
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tiLB  or  BuouptTAMY  BoDiiM,  vm  THKim  Srvaou  axu  Atobic  Wnoim. 


Nmh. 

Symbol.  1 

AlOMle 

Nua*. 

Kyabol. 

Aloinl4 

O^UMIHIUM 

Al 

27.4 

MulyMoxditu 

Mo 

M 

>llM.jMt   (MjblUUl) 

Sb 

121! 

Nkhkl 

M 

69.8 

JWUIO 

An 

75 

Nioliiuni 

XI» 

94 

kxtim 

Ba 

137 

HITROOBN* 

N 

14 

trrtnna 

U« 

9.4 

(Umniiii 

()• 

199.-2 

ssiaiiTJi 

Bi 

210 

OZTOEN* 

() 

Itt 

lo«'>l»  • 

B 

U 

1'aI  I.AMI    u 

Pd 

lOtf.ti 

UROMINB* 

Br 

ftO 

PH08PH0RU8' 

P 

31 

lAiillliUILI 

Cd 

112 

PLATINUM 

Pi 

197.4 

Els^iuni 

Oi 

133 

POTASSIUM 

jAiiCnnf 

C« 

40 

{ Kiiliiiiu j 

K 

S9.I 

;ARB01f« 

C 

12 

Khixliutti 

Bh 

llM.4 

r*' I  Hi  111 

C« 

92 

Rul'ifllutn 

Hb 

ft&.4 

ihlobute* 

CI 

'y  '■     '■    -'  .  nium 

fin 

104,4 

TunoMirM 

Cr 

iiri* 

&• 

7V.4 

pi>«»r.T 

Co 

'iz.      ;3i;>lCI0M» 

til 

2a 

BOPPBR   (Cu- 

filLVER (ArgeD- 

prum) 

Co 

63.4 

tMll.) 

Ag 

108 

hiljmuum 

D 

b5 

SODIUM   (5»- 

Ertiiiitii 

K 

168.S 

in  u  111) 

Ka 

23 

rLUORIHB* 

F 

19 

IvriioMirx 

Hr 

87.fl 

^al  till  111 

Ga 

«»f   auiiPHaR* 

H 

a2 

I'-ri"  r  \ tirnm) 

Au 

197 

'J'antAlum 

T» 

lf<2 

SYDaOOBH* 

H 

1 

T»*llMriiim* 

T*- 

128 

Itl.ltlltll 

In 

UH.4 

Thallium 

Tl 

204 

XOpiNB* 

1 

127 

Tliorituiiu 

Tl* 

235 

|ri<ljuiii 

Ir 

19H 

TIN  (Staunuio) 

Pn 

118 

IRON  (F.rriim) 

F« 

5ft 

Titanium 



Ti 

50 

l«AUth.titiim 

U 

»3.6 

TvhuicrraKt  or  Wolf- 

IiEAD  (inambuzu) 

Fb 

2(»7 

run 

W 

184 

LiUiiuin 

Li 

7 

r<a^^mi 

u 

240 

M\r,:(C^irw 

M« 

34 

Vanbltnm 

V 

51.2 

MANOAKE8B 

Un 

66 

VUrium 

Y 

92 

MBBC0RT  (Uy- 

ZINC 

Zn 

66.2 

draTgvrum) 

Hg 

200      'Zircuulum 

Zr 

89.6 

I 

t 


Bj-  lb*  eombinotlou  of  the  elimKTtitM  iu  v&rloiu  proporUou,  ud  in  groii|it  fl 
of  Iwn,  iht^,  or  Ur,;.^  numlH.m,  ftU  known  (x»mi>ound  ImdiM  »r«^  prftdnwd. 
Ait'l  here  tl  is  imiK>rtant  to  staU-  clrnrly  tlifi  chiir»rte«  whkh  dUtingubb 
IrtiM  ib^niM-Al  witnbiiialiim  from  met^hftnirnl  mixtorr,  nml  from  thai  kind 
of  oilhRtion  whi.Oi  giv.m  rUo  to  the  nolntion  of  h  fM.Ud  In  m  Uf|Uid,  Bodi.  »• 
roar  bif  mixH  togotlicr  in  any  i  ropr.riioi.  wb»ti-T*T.  Ibt-  mixture-  alway* 
exlUbitinj?  prnj>ertM^  htli-rnu^Ut-.  Unw.^-n  lb<«o  of  lt-*-4.nhUlu.-iili»,  and  iii 
r«giiUf  gr»a*lU>n,  aeoorrUng  ti>  tb«  quAnlity  of  i*b  tbat  may  U-  pn-ft.Tt, 
a-  tiiar  1h.  •«.«  In  l>.«  fusion  to^.-lb^-rof  nifUU  to  form  aWuv^,  in  lb-  mix- 
lur-  of  «.t«  with  ab-obol,  nf  AUx>hnl  with  ctb..r.  and  of  diffcrc-ut  oiU  onr  wjth 
lU*.  oU»«f .     A  wUid  bod^  /«v  *'«'  »«  d/fiiolred  in  »  liquid-«aU  ot  lUfeM^ 
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in  wator.  for  exampK- — in  any  proportion  up  to  a  corlain  limit,  the  solntlon 
likewise  exUibitiUg  a  regular  f^radatiun  of  physical  pr<»)rcrli<>9,  according 
td  thif  (|uanlity  uf  the  ^lid  iakt;u  up.  But  a  true  vhcuiiL-jil  ouiupoiuid  vx- 
hibitu  propurti««  lutally  different  from  thoau  of  either  uf  itb  coiifttituent  v\e~ 
muiiUt,  and  th««  pruportion  of  these  ooustituents  which  form  that  particular 
comi>uu]i(l  adinitH  of  no  variation  whntt'ver.  Watt-r,  for  example,  is  com- 
piitied  of  two  fluuifnU*,  oxygen  and  hydio{;«'U,  whiuh,  whou  Sfparattnl  frtim 
Olio  another,  app^^ar  aa  colorle&a  gades,  differing  widely  in  their  prnprrtii-a 
one  from  the  uther,  and  fnmi  wator  in  tho  statouf  vu|>or;  moreover,  wati-r, 
whether  nlitainml  from  natural  Kourt-OH,  or  fnrmisi  by  direct  combination 
of  its  elvntenta,  always  uontoiua  in  100  parta  by  weight,  88.9  parts  of  oxy- 
gon and  11.1  of  hydrogen.  Comtnon  salt,  to  lake  another  example,  is  a 
oompouitd  of  chlorine  and  ftcxllum,  the  former  of  whieh,  in  th<>  st^parato 
iitat«,  i»  a  yellow  gas,  th»  latter  a  yelIowish>wh!tt!  highly  lufitrous  metal, 
capaUe  of  burning  in  the  air,  and  decomposing  water:  moreover,  from 
what4,>ver  part  of  the  world  tho  salt  may  hv  obtained,  KKt  partu  of  it  in- 
variably contain  3!*.ti  parts  of  sodium  and  liO.4  parU  of  eliloriiie.  Further, 
wlien  two  or  more  compounds  arc  foritied  of  the  same  elem»-'nts,  there  i^  no 
gradoal  blt^nding  of  one  into  the  other,  as  In  the  case  of  misturw,  hut 
vaoh  oonpouud  is  sharply  defined,  and  soparatod^  as  it  were,  from  the 
other*  by  ah  impassable  golf,  exhibiting  propertien  distinct  from  those  of 
theothem,  and  of  tin*  elements  theniselvos  in  the  separate  state.  Thns, 
there  are  two  onmpounds  of  carbon  and  oxygen,  one  of  which,  containing 
3  parts  by  weight  of  carlmn  with  4  of  oxygon,  In  an  innauimablu  gast,  lighter 
than  atmospheric  air.  and  not  absoi'bed  by  solution  of  ]>otaKh :  while  the 
other,  which  contains  3  parts  of  carljon  and  8  of  oxygen,  is  non-inflammable, 
heavier  than  air,  and  easily  absorbed  by  |>otaeh. 


wnSnC^^ 


fore  proceeding  with  the  spooial  description  of  the  several  elmwin 
and  their  com]>ounds.  it  will  be  convenient  to  give  a  short  sketch  of  certain 
brxneheii  of  I'hytiical  Science,  as  the  physical  cfmstitutinn  of  Gaaes,  and 
the  chief  phenomena  of  Hoat,  Liglit,  and  Kb*«:tricity,  the  partial  study  of 
which  forms  indeed  an  indi«peusablo  Introduction  to  Chemistry* 


PART  I  -PnYSICS. 


OP  DENSITY  AND  SPECIFIC  GRAVITY. 


Tt  is  of  grMt  importance  at  the  outact  to  understand  clearly  what  is  meant 
l»r  ihv  terms  dfntitjf  and  iipcc{fic  yrnfit^.  B/  the  dtmaity  of'  a  hodtf  is  meant 
its  ttuist^  or  4fwiHiii^  of  ttuitury  compared  with  tb«  niotts  or  quantity  uf  miitlvr 
of  An  v/fuxl  eoimtHc  of  Bomti  standard  tfody,  arbitrarily  chu§<^n.  .S/m'c(/ic  j/nitiVy 
dfuutt^  thi?  wvigbt  of  a  Inxly,  od  couiparL*<l  with  the  weight  of  an  ihjuaI  bulk, 
or  volumo,  nf  tlio  stamiard  UhIv,  wliich  is  reckon*^  0:^  unity.*  In  all  va»v9 
of  snli<U  and  liquids  thd  standard  of  unity  adopted  in  thin  (X)uutry  in  pure 
wjttnr  at  the*  teiupt.'rature  of  15.5^0.  (00^' Falir.).  ^nythiu)^  diw  might 
hart'  bwn  idioHen  ;  11ut«*  is  nothing  in  wattT  to  rvndor  its  adoption  for  tho 
purp<Mt<  uirnlionud  IndispensaWtj :  it  ia  simply  taken  for  tho  Aiiko  of  wm- 
viMiieuoc,  being  alwayi*  at  hand,  and  eaaily  obtuini«d  in  a  stnti*  of  porftwt 
purity.  An  ordinary  exprestiioD  of  Bpt*cifiu  weight,  titerrt'or*.*,  is  a  niimU'r 
«xpri-3sing  how  many  limen  tlit*  weight  of  an  uquol  hulk  of  water  is  con- 
tniui*4l  in  the  wt'i;4Ut  of  thf  substance  spokrn  of.  If,  for  exauipUs  we  a.-iy 
that  conct!ntrat>-<l  uil  of  vitriol  has  a  BjH-'cillu  gravity  ts^ual  to  l.bQ,  or  that 
p'Tfwtly  pure  ahvhol  ha^n  a  density  of  M.794  at  IT). 5'^  C,  wc  mean  that 
o^iial  bulks  of  tht»s»?  two  liquid.-i  ami  nf  di>dJlh^H  water  pnsaess  wi'ights  In 
the  proportion  of  the  numbt-rfi  1.85,  0.794,  and  1 ;  or  1H50,  7A4.  and  1000. 
It  is  mn^'jiaary  to  h*i  particular  about  the  temperature,  for,  as  will  be  her«- 
aft4<r(ihnwn.  liquids  are  extremely  expauftible  by  h«at ;  otherwise  a  constant 
bulk  of  the  same  liquid  will  not  retaiu  a  constant  weight.  It  will  be  pro- 
p«.'r  to  lH!gin  with  the  description  of  the  nifMle  in  which  tho  specific  gravity 
of  liquids  is  detertninefl :  this  is  tho  simplest  case,  and  the  one  which  b«it 
itlnstrates  the  gen'Tal  print-iph!. 

To  find  the  specific  gravity  of  any  particular  liquid  compared  with  that 
nf  water,  it  is  only  roqiiinite  to  weigh  4*<|ual  bulks  at  the  stondard  t^mpenv- 
lure.  and  then  divide  the  weight  of  th«>  liquid  by  the  weighl  of  the  water  : 
thft  quotient  will  Iw  greater  or  1o«h  than  unity,  as  tho  liqnid  citperimented 
on  ii*  he*vif*r  or  lighter  than  watiT.  Nmv,  Ut  weiglL  equol  bulks  of  two 
fluid?,  the  Bimplf«t  and  l»e«t  methorl  jk  clearly  to  w»igh  them  in  fiuwwssinn 
in  the  same  v««ael,  taking  care  that  it  is  equally  full  on  lK>th  occasions. 

A  thin  glods  Iwtlle,  or  llask,  with  a  narrow  nerk,  is  proiuired,  of  the  form 
rppresentM  on  tho  next  page  (fig.  1),  and  of  such  eapanily  as  to  wntnln, 
when  filled  to  about  half-way  up  tho  neck,  exactly  10(X>  grains  of  distilled 
water  at  Ifi.ftO  t'.  ^  ^unterpnise  of  the  exoet  wpight  of  the  empty  bottle 
is  made  from  ahitnf  broKA.  an  old  weight,  or  aoiiietliing  of  tho  kind,  and  care- 
fully adjuated  by  filing.    The  bottle  is  then  graduate<l,  by  introducing  water 

•  In  othpf  words,  drnilty  menns  comparative  »»a«,  anil  ipeclfir  grfirlty  fom- 
pmrniWr  v>eiykr.  The«e  vvprpsslonf,  allhoueh  fslly  r^Utlnjr  to  rtlitlnel  thin?*, 
are  often  used  quUe  indlffrrrntly  In  chemicnl  wrlrtnps.  und  without  iiphcIIcbI 
laeonvealeDce.  since  mita  aad  welzht  are  directly  proportional  to  enirh  other. 
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fit  15.5°,  until  it  exartljr  b«Unne8  the  lOOO-grain  weight  and  oonnt 
in  thooppoBitc  scaW  ;  the  height  at  M'hiob  the  water  urnntU  iu  the  ni 
marlced  b_v  a  mralrh,  ami  tht*  iiwtruintml  is  coiupluto  for  use.  The  liquid 
|o  be  pxaiiiitiHtl  is  linni^hl  to  the  t^'iniMTatiiro  of  15. .V,  and  with  it  tht*  bot- 
tlf  is  lIIItMj  upio  till-  iimrk  N'foreinpiitioutMi  ;  it  is  then  weighcil,  thf^iHninter- 
poiittt  bt'iug  used  as  Iwfore,  and  the  »p«cilic  gravity  directly  oacortaixied. 


Fi»  L 
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waterr  liqald  in  a  narrow  gloui  tobe  always  pre»euta  a  cnrveil  aarfa<v, 
fnwn  t)ie  molecular  notion  of  the  fflass,  Iheeoncavity  lieinji  upwards.  It  is 
K'tttT,  uii  this  arrtiunt,  in  ^rnduatin^  the  bottle,  to  miike  two  sirratcheft,  aa 
represented  in  thf  ligure,  one  at  the  top  and  Iheolher  ut  the  t>otloni  of  the 
curve.  The  marks  are  easily  made  by  a  line,  i»tiarp,  triauKulnr  tile,  the 
lard  point  of  wliich,  alno,  it  may  be  nb»t>rv<Hi,  niiHWiTM  {K<rfently  well  for 
vriting  upon  ^liu«,  in  the  absence  of  a  diamond  peiioil. 

It  will  be  quite  obvious  that  t)ie  adoption  of  a  flaftk  lioblinj;  exactly  ItKK) 
grainii  of  water  ha*  no  other  object  than  to  save  the  trouble  of  a  very  trifling 
c^ilculntiun  :  any  oth)*r  ijuantity  would  answer  juHt  as  well,  antl,  in  fact, 
the  experimental  chemist  is  often  i.v»mp**IIf<l  b>  use  a  U»ttte  of  mucii  amaller 
diunnwinn**,  fri>m  .scarcity  of  \\if  liquid  to  l»e  examined. 

When  the  spfN-ific  frravity  of  a  liquid  Ib  to  be  determine»l  with  great  aocu- 
racv.  a  ease  whi'h  freqm'ntly  oeenrn  in  ehemieal  inquiries,  a  little  glass 
b<.t"lle  i»  us'ed,  of  the  form  ph'own  in  fig.  2.  Thi*  liotllo  \»  provided  with  a 
p.'rforatrtl  o-mieal  glaas  dtoppnr.  mnst  n.ruralely  fltte.1  by  grinding.  By 
w.nipb'telv  niHng  the  bottle  with  liquid,  and  carefully  removing  the  por- 
tion nf  liquid  which  is  diHplarwl  when  the  stopjKT  is  in^ertiKl.  an  unaller- 
able  measurt^  Ih  obtaini-d.  The  Ira.st  possible  quantity  of  greft!*e  applied  to 
the  stopper  crently  promntes  the  exaet  fitting. 

When  thM  eb.-ml«t  has  only  a  very  sumll  qnanllty  of  a  fluid  at  hio  din- 
IKWftl,  and  wishes  not  to  lose  it,  the  little  gln»8  veHsel  (fig.  3)  is  partiru 
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Ob  iliM  IMtkn  «r  ilie  t«U  wluA  it  aftnvwvd  I7  4nvtav  Um 
tab*  oal  vr«r  a  lavp,  a  Ijm  anldi  h  MaiA*  vitk  «  tfiffMiA. 
TI1W  bnlb  l"  £»r^l  up  ta  tkk  ourk  villi  tL^  Kuu>i  wUlit  it 
sUm4»  in  UMpantKiv  of  vklri.  ^  kaaw«. 

A  irarjr  f  b.  -  a*e4  to- niiflg  tb»  Li.  -a«#tkt 

fiuuMi  being  4mmtk  oat  lo  as  lAcaitf  thetau»,*ad  tbrvppitf 
opaaing  of  tW  taaad  being  imall  «ao«^  lo  b»  cla««4  by  Uwi 
Sag«r.  Tb«  glas  itupyii  is  only  vaalcd  a*  a  KBM<^  o^  4«* 
D0«  reqfvifv  to  tt  pvfoltjr. 

Th*  dctatminaliaa  of  tb*  ■fwiJB  gr«Ht7  «f  *  vaU^  bo^T  h 
nud»  avconlliig  to  tb«  — «■  friwiffaf,  mmA.  maj  !■  |irfligiiii4 
with  th«  «peafto-ffnTHj  boUJe  (tfg.  2).  TW  bflttlf  ii  ftrvt 
weighed  fall  of  v«ltfr ;  the  aobtl  b  ihoB  pland  i»  tb«  •amm  fmm 
t4  the  hsUno-.  ABd  Ua  vrs^i  1«  4#termiBiid :  isall/,  tha— Jirf 
»4ttie,  (lt8|d*d«g  «A  «^ttal  balb  of  «Mir,  lb« 
:.  m  determiBM]  ^  tba  loa  «■  ^ala  vtigiri^. 
i  ail*  \w  WfTi^'nM  W  tbc  Mlid  aad  tbat  W  an  Mival  bslk  «f 
VAt«>r  an  ftbtag^rf  Tlw  tomw  dMdod  Igr  tbc  Uitar  gtra  tb« 
graTiiy. 

For  ezamplf,  Ihd  walgbl  of  a  aaall  pioM  «f  aUrar  vira 

waa  IhukI  to  b« 

(HMa  battle  ftUod  vitb  irater 


» 


After  aa  equal  rolome  of  vater  was  displaoed  b^  flu* 

sUrvr,  lh«  »«3^ht  «as 

Beooe  the  displaeod  water  wigbed        .... 
Prom  thia  ftb«  apeetAc  gnritj  of  tbe  aiUer  viiv  1  »g.l6 
"• I    t^" 

AnoCbcr  bigbly  ioiseBioaa,  bat  Icaa  exaH  metbod  of 
apmnJlc  pAvity  of  aolidfl,  ia  baaed  oa  tL«  w«a-kAO«B  tb 
m«d«e. 

Thi4  th'wtrvni  saay  be  tbva 

Wh>-n  a  i«nlid  H  inuMEffsed  in  a  Avid,  ii  Iobm  a 
portioo  of  ita  wefigbt ;  and  tfai*  pnrtioo  b  equal 
to  the  wngbi  of  tbe  fliii«1  vbicb  ii  diaplanw; 
that  ia,  to  the  vdgbt  of  iu  own  bulk  af  that 
Said. 

It  i»  faey  to  fire  cxpfTim''Btal  proof  oftbif  r^rr 
ifwirtnnt   pm^mtUWan.  n*  w*-!!   *«   U*  «MlaMisfa   it  lir 

('{taratni  far 
:n  eylindri- 

I  i~-,  "I-...  i  ,,-■  ;:,..T ),.:  ..1  .inch  ito»i*y 

ilrlr  a  solid   rrlitiri^-r  ••(  tli>    ^^nie  metal,  thaa 

Ling  it.     WlifTi    ihf  (vUn'ipr  id  aiupeDded 

backpt,  ikt  se<-n  in  lb**  skHrh,  ili^  wIh-U- 

th<*  arm  M  a  lt&IftDr«  and  «mnt»*i^«iw*^, 

r  b^U  immencd  in  water,  ilwill 

-  a  certain  weif^ht:  and  thai  this 

1  u^  thtf  veight  of  an  eqnal  balk 

'  ■»•  prvTwl  l>_v  filling  the  bucket  to 

.V  _  '  >.riuni  wiJI  ber«tor«d. 

-i    hrdrmtatie  law  of 
rdfii  of  fii^  pnndple 


tt.67 


38334 
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aid  down.     Ut  Ib.^  readrr  (ij^-ur..  to  liimaolf  a  ves9.'I  of  water,  baTUJK 
itumened  m  it  a  tw)li<i  tylindrifjil  or  fL-cUui-uiar  bodv.  and  sn  fiHin«i^ 


Fii.i. 


tyiiiwrii*ai  or  r..cUu>.u!ar  body,  and  so  adjusted 
ith   nvpt^ct    U»  dcnnity,  that  it  aliaU   doat    indif- 
fcPRUtly  in  any  part  b.«neath  the  8urfa«.»  (Hg.  5). 

Now  lilt)  law  of  lliiid  prcMBure  U  to  Ibis  effect : 

Till-  |iri.*HHur(^  exerliHl  by  a  Iliiid  on  any  point  of 
Ihr'  njiiuiuiiij<  vt-aael,  or  on  any  point  of  a  brniy  im- 
lUcrKod  lHMi«ath  iU  aurfaoe,  in  dcp^^ndunl,  Urstly, 
upon  till*  donnitr  of  tho  flnid.  and.  8.Mumdly,  upon 
tin*  vrrlli'nl  di-ptU  of  tho  jKHut  in  qut-wtion  lielow  the 
HorCrtCM,  It  ia  indepttndcnl  of  tht-  form  and  lateral 
dhnoiwiojw  of  the  vwjwd  or  immersed  Uwly.  Morr- 
orer,  owing  Up  the  pu<!uliar  phy«ical  ooujiritution  of 
Uiii'iH,  this  preaauro  U  exerted  in  every  direction, 
upwar<t»,  downwards,  and  laterally,  withWiual  force. 
Til"  Iloalinfj;  Iwdy  is  in  a  alaie  of  equilibrium; 
ilier«fon:«  tho  priHunra  downwards  cauaiMl  by  its  graTitatlon  must  bo 
exwlly  oomiwnaatwl  hy  tin*  upward  (ranaiaitUd  prt-aaure  of  th«  ocdumn 
of  water,  a,  6,  But  lhi«  prwHuro  downwards  ia  obvioualy  etjual  to  the 
woight  of  an  equal  quantity  uf  water,  since  the  hotly  of  uecesaity  diaplaees 
it«  own  built.  IleucL',  the  weight  whk'h  a  body  loses  when  inimeraed  in, 
of  fluat4Ml  on  water,  i»  e«tuai  to  the  weight  of  the  volume  of  wat«r  dia- 
plaiit^l  by  that  lio<ly. 

Whatever  Iw  (he  dnunlty  of  Uio  Bubulancfl,  It  will  l>e  buoyed  up  to  this 
nuiount ;  In  Ihtt  caao  i*ui>pOBwl.  the  buoyancy  {»  eijiinl  lo  t!u«  whole  weight 
of  the  l>ody,  wbioh  Ih  thufl,  while  in  the  water,  re- 
duw^d  to  iiotliing. 

A  littlo  rcf1ts?tion  will  show  that  the  same  reasoning 
rnav  1*<*  ;ippt)('d  to  a  U^ly  of  irregular  form;  besides,  a 
solid  of  any  figuro  may  Iw  divideii  by  the  imaginalion 
Into  a  multitude  of  little  perpoudlcular  prismH  or 
oyliudortt,  to  each  of  which  the  argument  may  be  ap- 
pliod.  What  in  Lru«  of  each  individually  must  neoes- 
sarlly  be  true  of  the  whole  together. 

This  is  the  fundamental  principle;  its  application  Efl 
made  in  the  foMowiui;  manner;  Let  it  be  required,  for 
example,  to  know  tlm  speeifie  grnv  ity  of  a  Uxly  of  ex- 
treiiedy  irregular  form,  aa  a  Hmall  group  of  rook  crya- 
tala  :  the  lirrtt  part  of  the  oi>*Tation  .nnsista  in  deter- 
miuiii;;  its  alw^elute  weii;ht,  or,  more  correctly  ap«aking, 
itH  weight  in  air  ;  it  ia  next  Ruspended  from  the  halanoo- 
pan  by  a  fine  horeehair,  immerswi  completely  in  pure 
water  at  15.50,  and  again  woighwl.  It  now  weighs  leas, 
tlie  difference  being  the  weight  of  the  water  it  dis- 
plac<!»,  that  id,  the  weight  of  an  e<|ual  bulk.  This 
iM'Ing  known,  nothing  more  is  required  than  to  find, 
hr  division  hnw  manv  tim..-*  the  latter  numlw^r  is  contained  in  the  former  ; 
the  qnoiienl  will  be  the  density,  water  at  the  temperature  of  15.50  being 
taken  =  1.     Kt»r  example  : — 

293.7  grains. 
IHO.I      " 


The  qwarti-crvBtaU  weigh  in  air  .... 

When  ImmertWl  in  watej,  they  weigh         .        .  

Difference,  being  the  weight  of  an  equal  volume  of  water  .     113.6      •' 


293.7 

113:6 


2.5S>,  the  speelfle  gravity  required. 
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Th«  rale  is  generally  thus  writUn  :    **DlTidA  the  w«l|tht  in  air  hjr  th« 
1(M*  of  wvikIU  in  wat4*r,  and  the  quotient  vill   Ik*  tlio  bp««iiio  gravity." 
In  ntulity  it  ia  uiH  the  weight  iu  air  which  ii>  rttjuireil,  hut 
the  weight  thi*  Uxly  would  have  m  empty  space :   the  t^Tntr  T\s-  T. 

introduced,  nauiely,  the  weight  uP  ou  equal   bulk  of  air,  in 
8u  trifling  lliAl  it  iri  uitually  u«>gi«-rted. 

Siniittimoti  the  Uxly  u>  {t^  e>:aniiiiM  is  ]i<htf*r  than  water, 
and  tli'at!t.  Ln  this  iJisv,  it  i«  tlr»t  wci^hrt,  ami  Afterwnrda 
atl.:M^'lt«tI  to  a  ])iLr«v^  of  nnttal  hr^vy  ciuiugh  to  sink  it,  and 
suspeudi^l  from  th<*  halaucv.  The  wlmh'  la  tluui  exa<-tly 
«rvighc*d.  iinmer»i'<l  in  vator,  and  again  wt^ighi'd.  Thv  dif< 
ferencH'  tH^twern  the  two  weighings  givuA  th*^  weight  of  a 
quantity  of  watvr  equal  in  bnlk  tu  both  togeth<!r.  Thn 
liglit  nulialaut^  ia  then  d«'tiu-htHl,  and  the  Bame  oi>i^rAtinn 
of  weighing  iu  air.  and  again  in  water,  repeat^il  on  the 
piciH'  uf  laeta).  Thi-At!  lUtu  ^ivf  tho  iit<-*aiiti  ul'  liitdiug  thu 
8p*>4Tifi<'  grurltyf  aa  will  bu  at  ooc«  »ccu  by  the  foUuwiug 
example: — 


Light  Habatonce  (a  pieoaof  wax)  weiglu  in  air  1S3. 

Attarhtvi  to  a  pi«>cp  of  braaa,  the  whole  now  weighs  18H.7 

ImiucrstKl  in  water,  the  syitem  weighs    .         ,        .         .  3^.8 

Weight  of  water  «qttAl  in  bulk  to  brnss  and  wax    .  144. » 

Weiglit  of  ljra»9  in  air      .......  5(i.n 

"Weight  of  braiui  iu  water 44.4 


i  grains. 


Weight  tkf  equal  bulk  of  water 

Bnlk  of  water  equal  to  wax  and  brasa 
Bulk  of  water  eqnal  to  braAS  alone  . 

Balk  nf  wntor  equal  to  wax  alone    . 


144,9 


139^ 


«  0.9598. 


In  ail  such  pxp*^riments,  it  is  npoesinary  to  pay  attention  to  the  tempe- 
ratiifc  :in<I  purity  of  tlie  water,  and  lo  n^nmvc  with  great  care  all  adhering 
air  Inibblr*;*  otherwise,  a  false  ri'niilt  will  W  obtainwi. 

Othnr  e/wrts  require  iii.'n!i(.n  in  M-hieh  tlii-se  oiKTationp  must  W  nnwlifled 
Ut  m»'el  pMrtioular  diffit•uUit^».  One  of  these  hapjMfns  wh**n  the  nubstance 
in  disniflviHl  or  acted  upon  Ijy  wat»'r.  The  Hifficulty  im  easily  overcome  by 
8nli«tiiuting  some  other  liquid  of  known  density  which  experienee  shows  is 
without  a--tiun.  AUxihol  or  oil  of  turpentine  may  g»'n»Tiilly  W  used  when 
wsitf-r  i>  iuKilmisHibl*!.  Suppose,  for  instaiHH'.  the  Hpecific  gravity  of  erya- 
talltMsl  HUgar  ia  nvjuirpd,  we  pnx'eiHl  in  the  following  wny:  The  specific 
gravity  of  the  oil  of  turpentine  iit  first  carefully  dftiTtnint-d  ;  let  it  be 
0.87  ;  the  sugar  i»  next  weighed  in  the  air,  lh<n  suspende*!  by  a  horstv 
halr,  and  weighed  in  the  nil ;  the  difference  is  the  weight  of  an  eqnal  bulk 

•  A  •Implc  pUn  of  AVoMlni;  nltngether  the  ii<lhe»lon  of  *lr.hi»ht»Ir«,  wtilch  often 
•  re  noT  emmHy  (►rrrr-irr.l.  .-(.n^ut^  (n  hi-itlnp  the  nuter  lo  ebullirinn,  Introilucinii 
the  tKMly  which  Iiab  heen  wcifih»-rt  In  the  nlr  Into  the  fttMI  boHln;:  wnter, 
taca  allows^  lo  eool  to  Ifr^*^,  whea  tbe  second  welRblng  if  performed 


I 


hlob  Is 


u 


aazfsrrr  A-fn  iFHcrztc   iiA.~:TT 


rsicT     .irOi-^  '111.-  ?ot-:::i:  ^ra-.-a7-  h  ^a^- 


■i'" 


'lit-  ur'^ijoi  ii'sr  u=*r:.)»ri-   liJTii-i.;'     iL.^  ii  "iir  rfj— _iat.    ,;r^-:n"  Mfi;:^.  aia 

.^  •  '.LSI  ni-'-iifi  "u-  in»'r:ai;  ir^".nrs  *i  Sf'-^^k^r  a  Ttiw-u^  airtjulii:  iiciit^A^ 

T  r.i  ir-riT   -ij?^.      .»l  it  Tirnr-anar  aia"*  »•-    la—i  ¥-:a.  iii'sc -j.'!'!  jit*  ^ta^. 

«•'.■;   '*  •;/  ."•ni.i..!.-    -ViS-r-'ir.-  ir  riar-'--r  L>-'.r.i    ?  iLi  -   ■-  Ti.ii.-— L      Thj* 

"ft. -4  -•xji^raii-:!':  !»'.  a>  i    i-aa«'i"*    r  .a  ii."  t;-  u.^    i>'a  Ta-.*  •*  oi.     S/ia- 
Vi.v.-   /  .iii-rr:!.-.!"   a;*.-ir.-.   .r    rrr-iL'-   ? :  t  :iLir-.  :aa   J«r   lijir-t  ijc  'wuiia 

»*•'.!■.■■- 1    i.".'l  ri-vr.   ■;ia    "*-    ••i" -•::--=,■.  •-  -Ui;...    ~-i  5c  *.ij.j.  -  ■  rrrni^-j  ^ 

V.  •    -  'ZA.z    '.■''••m.-'-.i.'.-''.     '-  T':»-i:ii':   ^n ''.-*.     -it  l.*.   ?«-r''-js.  .2.  aixcr 

V.oi/    *  •.(.>  ^i.-;-*    i.-.r     i.-jj;  ▼-—  iJik  Li.  ^*:_=  _  .  i_.i. 


fff,h,a*tJ-t. — .  ,-.- 

((/a  /.'..H   /  .;  .  ■..  U  .i  ^  7-:Tr  -;i.-/  .'.;.■;  -i> 
W*;.-  r.  4  "...  1    -^^Ij  :a  pli-:"i    ij'  ii  :ir 


tL'  r!i-*  k--  "*  rb.**  ^T;«*ral 
-r_":  :"  :  f  z-Lz^  ™-' sz-^-ific 


•  Tl'.*  mvl*  '#<  >**r.ii.a;-.3f  ?h*  •,-.'»'Ti' 


rrtvi'T  -r  \  .:ci  :  rr  a*»sf 


rie  ». 


*l/  \  f  ■• .  1l'-'>' 


i<».  .r  »nr  •^j'l 


r#*  :-n:3*T**H:  la  "f%-*-  i: 


a  -.3    %1V 

»••.*-../,  II?  •:.•  i''i4<  of  ■•^;j-,'  ^'i^-^.r.*:  .-.  *■*??:  -I'^x..;  r;Te 'I'.e 
r»-i.»,/«  *-.:('••<  '''  «i*'l  ^'-Ui  of  rh*  ;:r,:ii:«.  i-.:  o:  ;'.T:i:r,x  "^* 
•»*>i/r.*  'tt  Ti^  i.'(  *.'!  *.y  ?r,^  ■**..»?■)?  i-if  tri*  w("pr.  •>.*  i",'i>">":^st  w;.!  ^* 
Ih"  »;.*'-.?;'* /fi'/i*7 '»f'h»!  liq-ji  1  ^«'»^rim»-n"f1  on.  V'-T  :-**\n-yt;  ;e*  t 
|.t<"*<«  Iff  2li«4  f'fl  f.ft  »'i<;i«*ri'l^'!  fr'»m  tK"  h^.'srtiif-i^r.  sl-!  ex\**.T 
*»riiri»''f [.'►!"•  I,  *U-Ti  ifrfft*T4*  J'  in  wi'«T  =»n'l  r^^tfj."-^  •J':"  e-'-W'-i**  *>" 

iV'M  nr  v  »>iA  i'.a4  '»f  wi'Iyti*  K\  im-n'THi'iii  or  tN*  wci».%t  ijf  \  l-'iit  of 
■vi)f>p  ttyt\\  "i  *i|it  of  f.l.i»  fO'I.  .Vo*-  Wiji*  tl**-  (r:*-^  •!:>".  ^nl  h«vtr.;r 
r'*-ii'i-fr'-l  'fin  'I'l'Iitloml  i*/-r'fif*,  iroin'Tt*.  it  iii  th^  o'^f-r  ;ii"j":i.J.  at.  ! 
ri- '''ir*-   fill'  «-<(rii[(iii<«-    11    t'rfnri- ;   ttii*    l*ltr-r  tvci^h*    I*    '[.'»  'A  •■i_'^*  •.?■   4 

ifiti(  'if  »!,..  tK|  ii'l  T'l  i4i  fo  'ii  t'  of  fii"  w^f*T.  Th<'  litr**r  ili%  ileil  by  tti'» 
fit'inf-t  y,tvf4  hi>-  a|''"-in'*  Krtvity.     Kor  »'X«ni|jl*f  :— 

( (if  i«lia«  rii'l  liiB#>a  l.y  iriiinrr«lon  In  w*t<T         ,        .        ,     ITl  grains, 
'I  lif  ^l«««  ''"I  loses  hy  lififiifMiofi  In  AlffOhol  .      143 

Ml 
,.|   ••  ti';, 'h*'  ■|ii«'p»l'- |i;r.n  iry  r*'f|tilrp*l,— R.H. 
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wvig^ht.     For  the 
)  di'nHity,  it  Biiiks  | 

to  relit  almuBt  iiu-  i 

m  the  BivUi  at  lIu*  ^ \ 

of  iuslruiiieiit8  of  jC^ 


bemrler  thtui  itself,  It  sinks  down  until  it  displaces  s  quantity  of  Uquid 

cquA.!  to  its  own  nvight,  at  wbirh  point  it  HoaU.     Thus,  in  the  esse  of  s. 

HijleUnc-ti  tloHtiag  in  nalcr,  whtiHO  itpc>(niir  w**igh(  is  one-half  that  uf  tho 

li<|utii,  tho  (MKfiiion  of  eiiuililirium  will  tuvulvv  thf  imuiorsiuu 

of  i-xoctly  one-half  of  the  iKkljr,  Inatfuiuch  as  itd  whoh-  wdght 

is  itiunterpoineii  by  a  quantity  of  water  equal  to  half  its  v<»l- 

titn>*.      If  the  saioe  Ixnty  wvrv  put  inti)  a   liqiiiil  of  nnc-half 

tht?  hpei-'ifir  ^^\*ity  of  watur,  if  Buoh  citaM  U*  found,  tl  would 

thvu  diuk  U'lieath   the  surface,  and  rfuiain  iudifTc-ri'ntly  in 

any  part.     A  doating   body  of  knowu  dpi^cifio  gravity  may 

thus   Iw  used   as  an   indicator  of  tlie  fipeoiflc  gravity  of  a 

Liquid.      In  thta  tnauniT  litth*  glatu   l>«>a<it>  (fig.  !l)  of  known 

8|Mcillr  graritiefe  are  Houiftimefl  L>niployi>d  in  th^'  nrti^  tii  a^t't-r- 

tain   in  a  rude  manner  th«'  ?t(MX'ili<;  gravity  of  liqiiidn  ;   tho 

one  that  fltLitri  iudifTiTcnlly  U^npath  Ih*-  Hiirface,  without  t-ithrr  ninlcin?  or 

rii*in^%  hiuf  f»f  wurrtf  iho  sauin  »iH'oitlc  gravity  as  tb«  liquid  itst-If ;  this  is 

pointed,  out    by   the   number   marked    upon    the 

bdui. 

Th«  hydrometer  (6g.  10)  in  geueral  use  oonHiAts 
f»f  a  floalin^  vt«^>*l  uf  thin  metal  or  glxMn,  having  a 
weight  beaoath  to  maintain  it  Lu  au  upright  posi- 
tiun,  anii  a  stem  aliove  bearing  a  divided  scale. 
Thf  uso  of  th«  iniitriiment  is  very  8iuiple.  The 
liquid  to  l>f<  triefl  in  put  iuto  a  smuU  narrow  jar, 
and  the  in:itrumeut  tloated  in  it.  It  i}«  obvious 
that  tliL*  di'iwer  l\m  liquid,  thi*  higher  will  the 
hydnnneter  float,  bt-oauac  a  smaller  diiiplacenient 
of  liquid  will  cx>unterb;iUnt'«*  its  weight.  For  the 
fcoiue  reason,  in  a  liquid  of  less  denuity,  it  sinks 
de«.qM;r.  The  hydroniL-ler  (*<jme8 
ui*i<liate1y,  and  then  the  mark  on 
fluid  level  may  lie  read  olT. 

\erx  extt.'nsivB  use  is  made  of 
this  kind  in  tho  arts  :  they  some! 
ent    uame«,   aooording   to   the   kind  of   liquid   for 
which  they  are  intendetl  ;   but  the  principle  is  the 
same  in  all.     The  graduation  Ib  very  oummonly 

arbitraryf  two  or  thri*e  different  scaK*»  being  unfortunately  lined.  These 
may  be  nometintoK  reduc^^i,  however,  to  the  tru.-  nunih«^r»  cxpresninj;  the 
.•Ipecific  gravity  by  the  aid  uf  tables  of  comparison  drawn  up  for  tin-  pur- 
pose. (.Sw  A[-i>EKDix.)  Tabby*  ar»*  likewim'  used  to  rtMlino  tin*  readings 
of  the  hydrometer  at  any  tenip«'raturi!  to  tJiohi"  of  the  normal  teuiporatiire. 

It  is  much  K'tter,  howpvor,  to  ust;  a  hydrometer  having  the  true  srale 
of  specific  gravities  iiiarkiM  upon  its  at'^m.  To  gradnat«<  i*iich  an  instru- 
ment, a  snffirient  numl»er  of  standard  jioinia  may  In-  determined  by  im- 
mersing it  in  liquid.s  of  known  tfipet'ltlc  gravity,  aud  tho  amall  intervals 
li(!twe>eu  theau  points  divided,  into  equal  parts.* 

The  determination  of  the  specific  gravity  of  gnses  and  rapore  of  vnl.ililo 
liqnidn  is  a  priblMm  of  very  great  jirai-tical  imymrtaiice  lo  the  chemist :  the 
thwiry  of  ih**  operation  i»  as  t;imple  as  when  li'iuids  themfwdves  arti  con- 
oenie»l,  but  the  proceoseB  are  mnrh  more  delieato,  and  iuvolvtj  iM-sid'-'s  cer- 
tain ivirreetiona  for  ilitferenoes  of  temperature  and  prt-Hgure,  founded  €ltk 
prineipl**:*  ret  to  lie  ■luious.'ied.  It  will  be  propttr  to  dufor  the  consideration 
of  these  matters  for  the  present. 

•  Prtf  an  «t>(!ur«te  method  of  dlrlillnK  the  hydrometer  nfh\f  when  odIt  »  few 
.'  polnta  arc  dptprminrfl  lijr  nnttinl  ottHttrvftlton,  nee  ttip  irtirlr  "  HjTdronieier,"  bt 
1       ProfcMor  Jcvuni,  tn  Walt«*«  Diciionajy  oj  CArmiifry,  vol.  Hi.  p.  VOo, 


u 


THE  PHYSICAL  COXSTTTrTTOy  OP  THE  ATMOS- 
PilERE  AND  OF  GASES  IX  GEXEBAL. 


Ir  r>Hpiir"?i  ';iiiiii'  TittIi'  ;tl>Htr.'ti*tii)n  of  iniiui  tn  rvalixe  compUtelr  tKeeon- 
•litioii  in  ivliii-li  .ill  rhniir*  M  tlw  ;4iirf:u*f  of  th**  narth  exut.  We  lirvat 
Tti.-  >Htrt<<iii  of  :in  iniiiit'ii.'-i>  m*i*tut<*f  tsuiMtuw  matter,  which  enT«lopa  tfVHj- 
Miin-;.  amt  pn-ri.tt'A  n\Mn  •■v»rvtliiii|;  with  a  A>rvH  which  appewrSf  at  flnl 
•i-^hr.  pfffiM'tiy  itii-nHiilili*.  Imt  whtnti*  at-tiial  amuant  admits  of  easy  proof. 
irr.irtty  iN'im;.  -*••  fur  :!.■*  in  kuowti.  <fiuiiu)in  tu  all  matter,  it  ia  natnnltn 
t>ip«»'r  rliat  u^rn**';*.  Ix'int;  niati<rial  ^^ulwtanci.if,  »houlil  be  act«d  upon  faj  tha 
••nrrh't  arTmrion.  ;u)  vA\  :w  -toliiLx  ami  lii|uittii.  This  is  rpallj  th«  catfl^ 
:ui<l  rli«>  rif*iilT  in  rh>*  n-i<t*£lit  or  prt*ssiin<  of  th«  atmoHphere,  whidh  li 
nothintr  nmr**  than  tlii>  flfivt  of  the  attraotkin  of  thti  «arth  on  the  partidfli 
of  air. 

DffnrM  •li»irn1>in^  thi*  I«>ai{ini;  pht*non«'na  of  ehn  atmivpherw  prcviiire,  H 
i.«  uii-f^ftary  to  iiotii-r  ono  v^tv  ri'iitarkalile  fi'atun*  in  th«  phyaical  eonifr 
tiition  of  :ra}i*fi.  u|mmi  wliii-K  •l>>pt>iiils  lUi*  priiit'iplH  of  the  air-pump. 

'ia!**'*i  :irt>  in  tlin  hi;:hi>»<t  <li»^r <l:b(tir .  th^  vnliimt*  or  space  which  a 

);a!>  o«-i-u[iii«*  •t<>]ii>n'ld  tit^ni  tlii*  pn*!>siin>  •■x.^rti^l  u[Htn  it.     Let  the  reader 
iin:ii:iiii'  a  i-yliinlfp.  »f.  I'linMni  at  the  bottom,  in 
Flir-  II.  whii-h  niovrsi  a  piston  air-ti;cht.  bo  that  no  air 

*':in  <*sr:ipi'  U'tw.'«'ii  tli**  pirfton  and  the  eylLniier. 
Stip{M>tti'  now  till'  piston  U- pretwed  downwards 
with  a  i-i-rtain  tonv :  the  air  beneath  it  will 
K>  nmiprfss**!!  into  a  smaller  bulk,  the  amonnt 
of  this  ri<mpn'^:*ion  <.le(<endin)^  on  the  fores 
appliiil:  if  th*'  piwer  Ih^  jiulBcient,  the  hulk 
of  rh<'  ;r»!*  niay  U>  thus  dimini^hiini  to  one- 
hiiinlrtilth  part  or  li'tw.  When  the  premun* 
is  rt*iiii>vi-<l.  the  »'Iatfti(-ity  or  tentiom.  as  it  is 
i-:tll>-«t,  iif  the  in«'luil*il  air  or  gas.  will  imme- 
diately font'  up  the  pisttnn  until  it  arriTea  at 
its  tirst  iHwitioii. 

A.:aiu.taki'  Ki^.  1 1. '•,  and  suppose  the  piston 
to  Ntaud  alK'ut  tlio  uiiddlf  of  the  cylinder, 
haviiit;  air  U-n<.>ath  in  its  u^nal  state.  If  the 
pisttMi  l>i'  tiow  drawn  upwards,  the  air  below 
will  exiKinii.  :!!o  as  to  till  o^mpletely  the  in- 
crt'asi-\i  spai.v,  and  thi^  to  an  apparently  un- 
xtoiit.  A  volume  of  air  whii.-li.  under  ordinary  circanistances, 
the  hulk  *>f  a  vuYw  iut-h.  mii:ht.  hy  the  removal  of  the  pressure 
U'  made  to  expand  to  thf  rapaiity  of  a  whtde  roi^m,  while  a 
ri'Ut'wal  »»r  til*'  former  pn-Kr-tirc  wi>uld  U*  atit'iide*!  by  a  shrinking  down  of 
the  air  to  its  former  hulk.  The  smalhvt  jiitriion  of  sas  iutnxiuoed  into  a 
larjr«;  oxhaiislod  vossfl  liff«uui>A  at  ouw  liitfustnl  tlir^iu*:!*  the  whole  space, 
an  iM|ttal  iiuaiitity  U-iiijj  present  in  every  j>art :  tlie  vetisel  \s/ull,  although 
the  pas  is  in  a  state  of  extreme  tenuity."  This  iH>wer  of  expansion  which 
nir  fMtss4>sseH  may  have,  and  prolahly  has,  in  r«>ality.  a  limit :  bat  the 
limit  is  never  reaehe<l  in  praetiiv.  We  are  ^uite  safe  in  the  assumption 
that,  for  all  purjMws  of  exjHTimvut,  howvVfr  rvlintil.  air  is  perfectly 
clastic 
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It  is  ujtaftl  to  wfli^n  a  roosnn  for  thin  iiideflnitG  expaiulbiliir  bjr  Aacribing 
to  thi*  partic-lv4  uf  luatcriaJ  budiev,  wbi'ii  in  a  gas^xju*  !ttat<<,  a  M*lf-repuUive 
sKKOcy.  Thv  flUtuuifiit  id  comiuuiily  made  nuiiufWhAt  in  tbi*  manner: 
uaattcr  is  uu<l>.'r  tbe  induence  of  two  oppcMile  forrt«,  one  of  whii'b  tt<n<U  to 
draw  th«  pArticlu*  to^jt'lbLT,  Ibe  otbt;r  to  HepiU-atc  tUem.  By  tb**  projMjndo- 
raiii'«!i  of  one  ur  ulher  of  the:^  furuc:^,  we  bavc  the  tbret>  litat*'!^  callttl  mtl'ul^ 
liquid,  and  gise4>U8.  Wbvu  tbo  partielt^  uf  matltir,  iu  L*on8tf4U«.-n(-u  of  tim 
dirtK-lion  and  fltr«ngtli  of  their  mutual  attractions,  poHb^H^  only  a  vvry 
slight  powvr  of  motion,  A  solid  HubriUute<5  roHults  ;  when  tUo  forct«  art* 
nearly  balanood,  w«  have  a  liquid,  tliv  partii-bfa  uf  whicli  in  Ib*^  inlfrior 
of  the  mass  are  fryw  to  niovo,  but  yet,  U»  a  rtTtain  ♦•xtcnt,  aru  bold  t4>f;«*thtfr ; 
and,  lastly,  when  tbe  attrautiv^e  powur  setiuui  to  be  coniplct^jy  orercoiuv  by 
it*  aiitagoiiist,  we  have  a  gaa  ur  vapor. 

Variniut  names  are  appli<<d  to  tU^v  forrf«,  and  rarions  ideas  entrrtatnod 
oonoernin^'  Ihetn :  the  attractive  forr^«  bear  Ibf  nomo  of  cohesion  whi'n 
they  arv  <!XL*rled  Iwtwe^n  particles  of  matt»irs<!paratiMl  by  au  iintueajnirjibly 
sumll  int<<rval,  and  gravitation  when  thi>  rlintnniv  in  gn^nt.  Tht*ri>pnl- 
Bjve  force  on«n  appears  to  N-  identical  with  the  itrin.ii)lf  of  boat.  We aball 
relarn  to  this  aobjevt  in  discussing  the  dynamical  theory  of  heat. 

Th«  Air-fS$mp. — ^Tho  ordinary  air-pnmp,  shown  in  soction  in  flg.  12, 
mnHtMls  pfttfentioJly  of  a  metallic  cylindex,  in  whioh  moven  a  tiglitly-Htting 
piaton,  by  thw  aid  of  itji  rod.  The  ttott4»m  of  the  cylinder  t^ianuinic-attit 
with  the  ve««el  to  Im*  exhanstft^l,  and  is  fuminbed  with  a  v.-ilvi<  >ifM<ning 
Upwards.  A  similar  valve,  also  opening  npwardfi.  ii;  tltte<l  to  the  pJHton  ; 
theae  valves  are  mtulr  with  sUjis  of  oiled  silk.     When  the  j  istou  is  raised 

Fig.  IX 


bottom  of  the  cylinder,  the  spare  left  beneath  it  mnnt  he-  Told  of 
air,  since  the  piatou^valve  opens  only  in  one  direction  ;  the  air  within  tho 
receiver  liaving  on  llial  side  nothint;  to  oppoae  its  elastic  power  but  the 
wei^rht  of  Lh«  little  valre.  lifta  the  latter,  and  eecapes  into  the  cylinder. 
So  (MVin  as  the  pivton  begins  to  detipend,  tbe  lower  valve  closes,  by  its  own 
Weight,  or  by  the  pn-^^nre  transnnttiHi  from  aUn-e.  and  rommunication 
with  the  receiver  Is  cnt  off.  As  the  descent  of  the  pinton  rontinues,  tho 
air  inclosed  in  the  cylinder  liecomes  coniprt«ped,  iie  elasticity  is  inoreased, 
and  at  length  it  force's  open  tho  upper  valve,  and  eauapos  into  tlie  atnioa* 


1 


By  thin  contrivance  tlii>  otK-ration  of  exIinnstioD  ii 
ifjteiliUled,  and    llie  UUor   Wsenwl.     The   arr&ngex 
thoxrn  in  flg.  13. 

Atmoftpherio  PxesBare — Tbo  Barometer.— J 

'eight ;  a  light  tlask  or  glulv  of  glati.-t,  furuishod  vith 
-k  rtml  i>xhfiu»ttHl  by  thv  air-puuip,  wvighu  coiisli 
■iM  than  when  full  of  air.  If  Iho  caparity  of  Ihv  vi 
|Ua1  to  100  cubic  incheH^  the  difference  may  ami 
parly  30  grains. 
After  what  has  been  said  on  thp  hui 


or   Tlitt    ATMOSPtlEBX. 


HlrAight  flMii  tubi*.  'Mi  fnchwM  long,  ia  B«>alwl  l>/  thr  blawpiiK*  fljini* 
rud .   it  iv  tlif-n    fil!*-)  with   deau,  *\ry   mvr<-ikry.  oar»T   Umm;;   tjtkfii 


i|Uaou  oil  Ai! 
Lir«rt«il  in  a  ^ 


M'U  «iiitl  ]itop|»Mi  wttli  a  nitg*-r,  aiitl  tlio  lul 
On  r4*uiityiiif;  Lh«  (lnj;<>r,  th«' iiiHrciirj*  f.il 
'    '  '    ■   itftml*.  at  U»c  h.  :    '  '      " 
IJirro  it  ri'uu; 

,      :    ,  tbo  it|iai:v  aUitt;    -     -^  ^-ii 

tli>'  *  ]   ;i     ■  - ' .iy  titnptjr. 

Tl:  \ii-   i'lu'JspUfre  U  thus  ami  ti>  be  cApable  of  Bustainki 

a  tx^thiuiu  u(  mercury  :H)  incited  ill   lii^i>;tit,  ur  thi>real>ouid.     Now  nuch 
culuuin,  haviug  an  area  of  1  inch,  weighs  bMiW(<*^ii  14  Ami  IS  lh«. ;  &nit 
qaeittlr  #uch  muit  be  thoauiuuut  vf  the  prtmiun*  t.*xi*rt(^l  upon  vrery  «t)ui 
indi  of  thr  «arfaoe  of  the  earth,  ind  of  tht!>  ohjivt.4  nituattxl  thrr<^m,  iit  t< 
noar  tUf)  lerel  of  the  si^a.     This  eonrmmis   fnriic   iM   Ujrin*  withttnt    iuinin- 
v«rsicn''4   Uy  the  luiiuAt  fratn**,  hr  rvaAiiii  of  iiy  pvrfrN-t  utiirormity  in  vvvry 
direction;  and  it  may  h.-  douhl«sl,  or  ov«'M  tri]»h'd,  without  injury. 
A  barooivUir  may  be  constructed 


with  other  liqnidj  beflidaa  uirr- 
cury ;  but,  aa  the  height  of  the 
oolujiin  miut  always  bear  an  in- 
TerM  priip^irliun  tu  the  d«--uiiity  of 
tb«  liqiii'l.  the  length  oT  tut*e  r«- 
quIrMlwiU  be  uft'-'D  conKi<l<'rxltU; 
in  the  cjue  u(  wat«r  it  will  exceed 
33  fM*t.  It  b  aeldom  that  any  other 
liquid  than  uercury  ia  employtsd 
in  the  ooniitruction  of  this  iiidtru- 
raeul,  Tb*  Royal  :^>ci«ty  of  Lon' 
don  pottiM^ned  a  water  l>arometer 
at  their  apartmenta  at  Som'*rfl«t 
Uotiae.  Ita  oonatruction  wu  ai- 
tende^l  with  ^eat  difficultiei,  and 
it  wad  foond  Impowible  tu  k««p  it 
in  repair. 

^rMfffl'*  Air-Pitmji.  —  If  an 
apertore  be  ma^lo  in  tlie  top  of 
a  barometer  tnba  the  men*nry 
vitl  link,  uid  draw  in  air  :  and 
if  the  exp**riment  be  lo  arranged 
aa  to  allow  air  to  i-.ttU-r  along 
with  the  mercury,  and  Ihe  Bup> 
ply  of  air  ia  limited,  while  that 
o(  the  m'vi'ury  ia  unlUuit4*it,  th« 
air  will  be  carried  away  and 
a.  racunm  produci-^l.  On  this 
priudple,  Dr.  .Sprrngel  hna  con- 
trtre<l  an  apparatiiti  by  which  a 
Tt-ry  complale  cxhauiitinn  may  Ik? 
obtained,  orf  (fig.  15)  i*  a  ghvss 
tub©  longer  tluin  a  linnimeter, 
open  at  both  ends,  and  cmntHited, 
by  mvans  of  India-rublMT  tuliing, 
with  a  (luinel  A  Ulleil  with  mer- 
cury, and  ■upp'jrtod  on  a  ittand. 
Uei-eury  ii  aJlcwtil  to  fiill  through 

iiM  tuiw  at  a  vuXf  ri->:ulultHl  by  a 
At  r/  /Ac  Jtf»  ox  tfnj  of  the 


vi$.  u 


40 


PHYSICAL    CONSTITUTION 


i'ig.  1& 


I 


1 


L 


tube  ciJ  QU  into  the  flask  B,  which  has  a  spout  at  its  sf<lc,  a  little  higher 
thau  the  lowfT  I'lui  of  th«  tubt*  crV,-  the  uppt-r  part  of  tliiti  tub*  has  a 
bmuch  at  j*.  to  which  a  rt'ceiver  R  can  bt^  tightly  lixe<L  Wiu^n  th«  rlamp 
at  c  is  upL-jitMl,  the  fir^it  portiun  of  mercury  that  runs  out  cluues  the*  tube 
and  pr»*vi'iiLs  ;iir  fntrn  <:iittTiug  In/low.  As  the  iinTrur/  is  allowed  to  run 
down,  the  ^'^xhausiiou  begiii^i,  and  tlK'  whole  Ifiigth  of  the  lube  J'rom  xtod 
in  tilled  with  cylLudei^  uf  uir  and  lui'rcury  having  a  downward  laotiun. 
Air  and  unTiury  ^'Stjipu  thnni^h  thtii  Hiwjut  of  llif  biilh  II,  Ihdow  whioh 
ja  pliicwl  a  biwiii  l\  to  receive  th**  mercury;  and  this  uiercury  ia  poured 
back  frtiiu  time  tit  tiitii-  into  the  funnel  A,  to  be  rcpaji.S45i  through  tlie 
tube  till  the  exhaustion  in  i-oTupK>te.  As  thiii  point  is  appmat-hed,  thit 
incloiied  air  l»t*tw<K»n  the  mercury  cylinders  w  swrn  to 
diniinit^li,  until  (hi«  Lower  part  of  rri  furum  a  continuous 
euluiun  of  uit-reury  HU>ut  liU  inrhcs  high.  1'he  opera- 
tion Ih  couipletc  when  the  column  of  mercury  is  quite 
free  from  air,  and  a  drop  of  meri^ury  falls  on  the  top  of 
it  withuLLl  ineluHJng  the  snmlh-sl  air-bubble.  The 
lieightor  th'e  Lxrlnum  is  then  ispial  tu  that  of  the  mer- 
cury in  the  barometer;  in  other  words,  the  appa- 
ratus) is  a  barometer  wlioee  vacuum  ia  thi;  receiver  R. 
It  may  be  advautagfiously  combiiiefl  with  an  exhamit- 
ing  syringe,  wliifh  removes  tlie  grpater  part  of  t)ie  air, 
the  exhaustion  bidng  tlion  iximpleted  as  ftl»ovi>. 

Relationa  between  PrcBBixre,  Elasticity,  and 
Voltime  of  Oaaea.  —  it  will  now  be  necessary  to 
cont^ider  a  uiosit  important  law  wliieli  conuet-ls  tlie 
volume  ooeupieil  by  a  gas  with  th^  pressure  made 
upon  it,  ami  is  thus  expressed  : — 

Tin'  vnlutne  of  gas  is  im-rmfly  n»  thf*  prefisnre ;  the 
density  im-l  elastic  fnrre  are  dirtctltf  as  the  pressure, 
an<i  inrrrsf!if  as  the  vnlmne. 

For  inrttniiie,  IflO  cubic  innhp^  of  gas  under  a  prea- 
Bun*  of  30  inches  of  tnerr^ury  would  expand  to  200 
cubic  inches  were  the  pressurt*  reduced  to  one^half, 
and  shrink,  on  the  contrary,  to  CM  cubic  inches  if  Uie 
original  pressure  vere  doubled.  The  change  of  den- 
sity muat  ni>cessBHly  be  In  the  inverse  proportion  to 
that  of  the  volume,  and  the  elastic  force  follows  the 
iame  rule. 

This,  which  ia  usually  c.ilh^l  the  law  of  Mariotte, 
though  really  discoTcnul  by  Boyle  (lUOl),  Is  easily 
dHmonstrablu  by  direct  experiment.  A  gliMS  tulw 
(fig.  Hi),  alii>ut  7  feet  long,  ia  closed  at  one  end,  and 
bent  into  the  form  rnprt»8e]it<*d  in  fig.  16,  the  open 
limb  of  the  syphrm  U-ing  the  longer.  It  is  next 
attached  to  n  lK>ard  fitrnislied  with  a  movable  scale 
of  inches,  ami  enough  mercury  is  intrtwUic^il  to  fill 
the  bend,  the  level  Iwing  evenly  adjuste<l  and  marked 
upon  the  itnard.  M.-nnry  is  now  jKtured  into  the 
tube  until  the  inclosed  nir  is  reduced  to  one-half  of 
its  fornnT  volume  ;  and  on  applying  the  scale,  it  will 
be  found  that  the  level  of  the  mercury  in  the  open 
part  of  the  lulw  standi  very  nearly  30  inches  aUjve 
that  in  the  closed  portion.  The  pressure  of  an  ad- 
ditinnal  *' atmosphere**  has  wmsequently  reducM'd  the 
bulk  of  the  contained  air  to  one-half.     If  tin'  cxperi- 
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ment  be  Btjll  oontiuaed  until  the  voluniffor  air  is  rednoed  to  a  third,  it  wUl 
[,be  found  that  tliD  column  lucasuree  60  incbee,  und  bo  in  like  proportion  as 
^lar  &8  the  experim(.mt  is  carrit^l. 

The  Alxfve  iudtruiu^'iit  is  better  adaptevl  for  illuBtration  of  the  principle 
thiui  fur  furuiriliinf;  rJ^urouA  proof  of  tin*  law.  Tliis  bos,  bowever,  ii^n  done. 
■UM.  Ara^o  and  Dulong  publibht>d,  in  the  y^ar  1830,  an  acrount  of  r*>rtain 
t«JEpcriu«*nta  uuide  by  theiu  in  Paris,  In  wiiirh  the  law  in  quf^tion  had 
■•1l«en  Verified  to  the  extent  of  twinty-sevt?n  atm*J!iphiTea.  With  rarefied 
lur,  alMO,  of  wlial«ver  degree  of  rarefat^tlun,  the  law  baa  been  found  true. 

All  gaae«  are  alike  iubject  to  thin  law,  and  all  vapom  of  volatile  liqnids, 
when  rL*inote  from  their  points  of  liquefaction.*  It  is  a  nialt<>r  of  the  greatest 
SiniMiirtanei!  in  practical  chi-miiitrj',  since  it  gives  thi'  means  of  making  oor- 
ri'etiuna  fi*r  pr'wsurf,  or  (lutr'nuinijig  hy  ealeulatiou  tin-'  thange  of  volume 
which  a  ga*  would  suffer  by  any  given  ohangi?  of  extt^rnal  pr»'Sfl»re. 

Let  it  bo  requirwl,  for  example,  to  solve  the  following  problem:  We 
have  ILMJ  cubic  inuhes  of  gna  in  a  graduated  jar,  the  Iwronn-tt-r  standing 
at  29  inehes  ;  how  many  en  hie  inches  will  it  occupy  when  th«  rr)1umn 
rises  to  30  inchea  F  Now  the  volume  muat  be  inversely  aa  the  preasuro; 
consequently,  a  change  of  preemire  In  the  pro^wrtion  of  US  to  30  must  be 
a4.-ix>m)tanied  bj'  a  change  of  volume  in  the  proportion  of  30  to  2d.  the  30 
«nbic  inches  of  gal  eontraollng  to  2d  cobio  inobea  under  the  condittona 
Imagined.     Hence  the  auswiT — 

30  :  23  =  100  :  96.«7  cubic  inches. 

The  rererte  of  the  operation  will  be  obvious.  The  pnpU  will  do  well 
to  familiarize  himself  with  the  simple  calculations  of  oorreetlona  for 
jtrosaore. 


*  Near  the  llquerylne  iinliit   the  Inw  no  longer  hold*  {  the  volume  dimlnliht^ 
rapidly  thnn  the  theorj  Indicateii,  »  imnller  amount  of  preasuro  bclof  then 
suffloieot.    (See  further,  p.  M). 
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HEAT. 

It  will  be  couveniant  to  ix>iiHi<ler  tbe  subject  of  heat  under  aereral  sec- 
IJoiM,  and  in  tht^  fullowiug  order: — 

1.  KxpttiiBiuu  of  Uxlieit,  or  efTectH  of  variations  of  temperature  in  altering 

their  duuentiiuiis. 

2.  C'tinduclton,  ur  trauHuiiBaiun  of  heat. 

3.  Sp<*ciflc  ht^at. 

4.  Chaugu  uf  state. 

5.  Sourf»y  of  ht*at. 

6.  I>yuamical  thwry  of  heat. 

Bxpaaalon. 

If  ft  bar  of  mf>tnt  of  Rnch  nia^iindo  tta  tn  fit  accurately  to  a  pange,  wh^n 
cold,  Im  ht*nt»d  oousjileralfly,  and  a^'nin  applied  to  the  gauge,  it  will  be 
fnoiiii  to  have  become  enlarge.!  in  aH  it»  dimeuaions.  Wlien  cold,  it  will 
uni>>  mon*  enter  the  ^auge. 

Again,  if  a  quantity  of  liqnid  contained  in  a  glass*  bulb  furnished  with 
a  narrow  neck,  be  plunged  into  hot  water,  or  exposed  to  any  other  sooroe 


¥\g.  IT. 


FlB-  18. 


Fig.  10. 


t 


fi 


of  hciat.  thit  liquid  wiU  mount  in  the  st«m.  showing  that  its  volume  has 
lief^ii  increased.  The  bnlb,  how«vo.  ha-t  likt^wise  expanded  by  the  heat, 
and  itii  capavity  haa  condequiintly  oeen  nu^jinente^l.  The  rise  of  the 
liquid  in  tbe  tube,  therefore,  denotes  th0  djlfDrence  between  these  two 
expatuiions. 

Or,  if  a  portion  of  afr  bo  conflnfld  in  any  rnssel,  the  application  of  a 
slight  dognw  of  heat  will  aufflw  to  make  it  occupy  a  apac«  aensibly 
larger. 

The  niMt  jE»n#»r»i!  nf  nil  the  efffct«  of  h'^at  furnishes  in  the  oniB^i  a  prin- 
ciple, hy  the  Aid  of  whioh  ftn  Inslrriment  ran  Im'  oopptrncted  oupable  nf 
taking  oogtiizAnoe  of  phAnff.>s  of  t^mperntnre  in  r  mnnn^r  equally  accurate 
^nd  cfiTirfni*'nt  ;  Bu«'h  an  instnifripnt  is  the  t  >i  t^rTn  nmeter. 

A  capillary  glaai  tub©  is  ohoaen,  of  qnifonn  dianieler  ;  one  extremity  ii 
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B3  anil  pxpanded  into  a  bulb,  by  the  aid  n(  ihe  blowpipe  dome,  and 
Mil*  nl\wr  soinewlint  drawn  out,  and  loft  ojwn.  Tlio  bulb  is  miwrautionaly 
iieated  by  a  BpLrlt-tomp,  and  the  open  oxtr^fmity  plunged  into  u  vessel 
uf  mercury,  a  portion  of  wbit:h  rises  into  tht?  bulb  wht^u  the  l&ttfi'  cuoU, 
rvplatiiug  thi>  air  which  had  bet^u  expandt^l  and  driven  out  by  tlie  liumt. 
By  again  applying  the  tlamc,  and  eauaing  thiii  ui>>i;^'ury  to  IkuI,  the* 
r«uiatndor  of  tin;  air  ia  easily  expelled,  and  the  wh'ilt*  Hpn.i?e  t]\\M  with 
mercurial  vapor.  The  open  *>nd  of  the  tube  nmst  now  \m  inimeiliatf'ly 
plangcd  into  the  vessol  till*Hl  with  mercury.  As  the  metallic  vaiK>rfl  tH)n- 
denae,  th«  prusNure  uf  the  extornai  air  forc*«  th«  Uijuid  metal  into  the 
iustramcnt,  until  linally  tbti  tiiln*  in  (-^niplitt*^ly  tilled 
with  m«3roury.  The  thermometer  thus  iHIe^l  is  now  to 
be  heatod  until  ao  much  mercury  hoA  be<:n  driven  out 
by  the  expansion  of  the  remainder,  that  ltd  level  in 
the  tulw  (ilmll  stand  at  eoiuuion  temjK>raturea  at  the 
point  reqaireiL  This  Ivin^  satisfaotnrily  mljiwted,  the 
heat  IB  oni^ti  more  applied,  until  the  column  rises  quil« 
to  the  top ;  and  theu  the  extremity  of  the  tube  is  her- 
metically dMlli^l  by  Ihe  blowpipe.  The  rctrartinn  of 
th«  meroary  on  (»oling  now  loaves  on  empty  ttpade, 
whioh  is  esdentiat  to  the  perf(>c-tion  of  th»  iuKtrument. 

Tii*i  lhermom'!ter  has  yet  to  U*  f^roduated  ;  and  to 
make  iu  indicationa  t^mparablo  with  thoHe  of  other 
indtnimenls,  a  M-ale,  having  at  the  leoat  two  Gxcd 
poiutij,  muHi  be  Adapte<l  to  it. 

It  hod  been  uliserved.  tliat  the  temperature  of  melt- 
ing ioe,  that  iM  to  aay,  of  a  mixture  of  itnt  and  water, 
is  always  constant ;  a  therraoineter,  aln^a^ty  graduated, 
plnnged  into  Hucb  a  mixturi>,  always  marks  the  some 
degree  of  temperature,  and  a  aimplo  tube  filled  in  the  manner  deflcribed 
and  no  iTMLtod,  exhibits  the  same  elTect  in  the  unehouged  heigiit  of  the 
little  mercurial  column,  when  tried  from  day  to  day.  The  freeziuK  puint 
of  water,  or  melting;  point  of  ice,  eon^titutes  then  one  of  the  invariable 
temperatures  deraambHl. 

AnniiitT  is  to  U»  found  In  the  lioilmg  jwint  of  water,  or,  more  aceurately, 
in  the  tempi*rature  of  steam  which  riaes  from  boiling  water.  In  order  to 
give  this  teuip«-raturo,  whieh  remains  perfectly  comttout  whibit  tliw  baro- 
metric prr*HSure  is  oonHtant,  to  the  meren ry  of  the  thenuomet<»r,  dintilled 
water  is  mode  to  \>o\\  in  a  glass  ye»Hel  with  a  lung  neck,  when  the  pressure 
in  at  no  inches  (fig.  2^i).  The  th<*rmoraeter  i^  then  so  placed  that  all  the 
mvTcary  is  surrounde*)  with  steam.  It  quickly  rises  to  a  fixed  point,  and 
there  it  remains  an  long  as  the  water  boils,  and  the  height  of  the  borumeter 
i«  unchanged. 

The  tulM?  having  been  oarertilly  marked  with  a  file  at  these  two  pointa, 
it  remains  to  divide  the  interval  into  degrees;  this  division  is  entirely 
arbitrary.  The  si^le  now  most  generally  employed  is  the  Centigrade,  in 
whioh  thy  spaco  is  ilivided  into  I*K>  parts,  the  xero  Iwing  place^l  at  the 
ft-eezing  ]v>int  uf  water.  The  scale  is  continued  above  and  Iwlow  these 
points,  numbi'rs  U-low  0  beiii;^'  di--(ting'nisht>l  by  the  n>^gative  sign. 

In  Kngland  and  North  Ameriea  the  division  of  Fahrenheit  is  still  in 
a«»;  the  alMve  mentioned  spate  is  dividwi  into  180  degrees  ;  but  the  xcro, 
instead  of  starting  from  the  fn-n-zing  point  of  water,  is  placed  32  dt^wrti 
below  it,  so  tb.-it  tho  t*.-mpcrature  of  ebullitinn  is  expresswl  by  212^\ 

The  plan  of  Rennmar  is  nearly  confined  to  a  few  places  in  the  north  of 
Oermany  and  to  Hnwia  ;  in  this  fwale  the  freeiing  point  of  water  Is  made 
a^.  and  the  boilinir  point  ftoc. 

It  \n  unfortunate  that  a  uniform  system  has  not  been  generally  odopteil 
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lu  graduating  thermometers ;  this  nrnuld  retidtr  unnecettMrj  the 
vrhiuh  now  so  frequeully  hau  to  be  performed  of  trozwl&liug  the  language 
of  oue  »cale  into  that  of  ftiiotUt>r.  Tu  effect  tbu,  presentii,  howerer,  no 
great  dJfflculty.  Let  ii  bu  requirml,  for  pxampio,  to  know  the  degree  of 
Patireoheit's  scale  which  correepoude  to  (>U^  C. 

•  lOOO  C.  (s  1800  F  .  or  60  C. 


flop. 


Consequently, 


B  :  y  =  00  :  108. 


J 


But  then,  as  Fahrenheit'^  gcuIe  commenoes  with  32^  instead  of  CO,  that 
number  mubt  bo  ndded  to  the  rt'bult,  making  60^.  =a  140O  F. 

Thf  rul«,  thvn,  iit  the  following;  To  convert  centigrade  degrees  into 
t'alirenheit  degrees,  multiply  hy  9,  dividi>  the  product  by  5,  and  odd  Ii2; 
to  convert  Fahreuhuit  degrei«  intu  ecutigradu  degrees,  subtract  32,  mul- 
tiply by  5,  and  divide  by  i*. 

The  reduction  of  negntivu  degrees,  or  those  below  zero,  of  one  scale  into 
those  of  anotluT  siiile,  is  effected  in  the  same  way.  For  example,  to  cou- 
Tert  ~—  ii'^  C.  into  degrees  of  Kahreuheit,  wo  have— 


— 15  X  T"  +  32  =  —  27  +  32 


-i-5F. 


tegnaj^i 


In  this  work  temp^eratnres  will  always  be  given  in  centigrade  dc 
unless  the  contrary  is  stated. 

Mercury  is  uijually  chosen  for  makiuf;  thermometers,  on  aoooant  of  its 
regularity  uf  eximusiou  within  certain  limits,  and  lieuauso  it  is  easy  to 
have  the  scjile  of  grfvit  i*xt»»nt,  fmm  tin-  lifirpe  intt^rval  Ih'tween  the  freezing 
and  t»oiling  points  of  the  metal.  Other  Buhstanc*^  are  sometimes  used; 
alwthol  is  fmplovi*d  for  efltimatin^  very  low  tern i>eratu res,  because  this 
liquid  has  not  h<*en  fr^iztMi  even  nt  the  lowest  dfgreti  of  oold  which  has 
been  artiflciully  prwluced. 

Aif'thermometers  are  also  used  for  some  few  particular  purposes  ;  indued, 
the  first  thermometer  ever  made  was  of  this  kind.    There  are  two  modifl- 
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Fig.  a. 


oationa  of  this  instrument ;  in  the  first,  the  liquid  into  which  the  tnbe 
dips  is  open  to  the  air;  and  in  the  second,  showu  in  Fig.  21,  the  atmos- 
phere is  completely  excluded.  The  effects  of  expansion  are  in  the  one 
oomplicated  with  those  arising  from  changes  of  pressure,  aud  in  the 
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other  Cbe,r  cease  to  bo  risible  at  all  when  thf^  vholf  Instrnroonl  la  subjected 
Xu  altefHtioikr  of  teu)p*^raturM,  t>^cau!M*  tlit*  mir  tn  the  upfwr  niut  liiw»*r  ri-Avr- 
Ttiir,  b*'ing  t^tinll/  alTi-ctiHl  hy  such  fh«ng«-H,  no  ulUTfttion  in  Ihc  height 
of  the  lliihl  coluuin  car  u^our.  Ai.NX>nlin)*Iy.  eudi  inatruiavnts  are  callL*d 
ttiffrrcntitti  tbrruiouu-tiTit,  Htncv  Uicy  servi?  to  nifOsun.*  diffftrtitt-a  of  tt-mpe- 
ratuff  U'twocn  the  two  portions  of  air,  wItiK*  changes  alfocting  I'Oth  aUko 
artf  not  inili*.'atvd.     Fig.  'IZ  sUuwa  another  funu  of  XUv  hanie  iuHtruuu'nt. 

Thtt  air-lherniomtfU*r  may  Vtv  rniploviid  for  nicaj>uring  all  tf niiicral u rn* 
fnmi  the  lowest  to  the  hii^heat ;  M.  >'onillot  has  di«crilM*d  one  by  which 
till*  hvat  of  au  air-furnac<.*  crmld  b**  uicuur^tl.  The  rmervoir  of  this 
iiiutrnmenfc  is  of  platinum,  and  it  ia  irionniTtwi  with  n  pine  of  npj'iitatnii 
by  which  tho  iucrraitu  of  voloiuo  exjH^ricncL'il  by  th«  incladiMl  air  is 
dfttirniinixl. 

Ad  exwllent  air-thermomctor  has  fa««ii  eonstnict«d  and  nsod  by  Rnd- 
berg,  and  luorv  ivi'vutly  by  MaguuH  aud  R4*gnnult,  for  mfSBuring  the 
4QCpanf(ion  of  the  air.  ItH  construction  dep»>nd»  on  th<^  law.  tli«t  witen  air 
K  heated  and  hlndfre<i  from  expanding,  its  tension  incron»eB  in  the  sanic 
proportion  in  wUioh  it  would  ha%*tt  iucreased  in  Toliuue  if  permitted  to 
«xp:iiid. 

All  bodies  are  enlarged  by  the  application  of  heat,  and  reduced  by  ite 
abstraction ;  or,  in  other  words,  contract  on  hi-ing  artificially  cooled  ;  this 
eff'-ct  take^  place  to  a  ooniparatively  small  extent  with  solida,  to  a  larger 
amount  in  liquids,  and  [mn>t  of  all  in  tbo  case  of  gaHcs, 

Each  solid  and  liiinid  hojt  a  rate  of  expansion  peculiar  to  itself;  gases, 
on  the  eontrary,  expand  nearly  alike  for  the  same  iucrease  of  beat. 

Erpansion  f*f  .SWiV/s. — ^The  ActDiil  amount  of  expansion  which  different 
soliils  undergo  by  the  Eamo  iucrcafto  of  heal  has  been  cjtrefully  investi- 
gated. The  following  arc  some  of  the  results  of  the  Ijest  inv<'«tigatiun8, 
moru  particularly  those  of  La%'oisier  and  Laplace.  The  fraction  indicates 
the  amoant  of  expansion  in  length  saffered  by  the  rods  of  the  under- 
meutioued  bodies  in  paaiiing  from  CP  to  1L>0^' : — 


Fir-w«KKl*  . 
Knvrlish  flint  glasa 
Platinum    . 
Couuuun  white  glass 
Common  whit»  glass 
01a>(s  without  Irarl 
Another  specimen 
Steel  untem pored 


no 


Tempered  steel 
Soft  iron 
(;i>ld  . 
Copper 
Brass  . 
Silver  . 
Lead  . 
Zino 


lis 


Prom  the  /inwir  '.'xpanaion.  the  ndiir  eTpauRion  (or  nn_'nsnre  of  volume), 
may  Ij«  cabmlated.  When  the  expansion  of  n  l»ody  in  diOerent  directions 
is  e^jual,  aA.  for  example,  in  glass,  hammered  nielnl»,  and  generally  in 
raoBt  uncrystallizcd  sulistances,  it  will  be  sulBcient  to  triple  the  fraction 
expressing  the  increase  in  one  dimeniiion.  Tliii  rule  does  not  holil  true 
for  crystals  belonging  to  irregular  systenw,  for  they  expand  unequally  in 
the  direction  of  the  different  axes. 

MetaU  appear  to  expand  pretty  uniformly  for  etjual  increments  of  best 
within  the  limits  atat>:vi  ;  but  above  the  boiling  point  of  water  the  rate  of 
expansion  lipcomes  irregular  aud  more  rapid. 

The  force  exerteil  in  the  act  of  expansion  is  very  great.  In  laying  down 
railways,  building  iron  bridg*^,  erecting  long  rangt-a  of  Btenni-pii)es,  and 
in  executing  all  works  of  the  kind  in  which  metal  is  Inrgely  used,  it  is 
IndiHpeiisable  to  make  provi^iou  for  these  changes  of  dimensions. 


*  In  the  direction  of  the  veula. 
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In  vou8«juenc4<  of  glass  sud  pUtiuum  linviiig  nearly  the  same  amou 
of  c'Xpauiiion,  a  thin  platinum  wire  may  U*  fiutsl  intu  a  gljLs»  tut>e,  w 
any  fear  thai  tUv  glans  will  bn^ak  on  t.tH>]iii|L;. 

A  Vi-Ty  UHvUil  appliealiuu  of  t'X|>:iu.tii<a  Uy  Ituat  la  that  of  tho  cutting  of 
glafld  by  a  hot  Irun  ;  this  is  comiiaiKly  practiiiiHl  iu  thu  laliuratory  for  a 
great  rarJuty  of  purpo«t«.  The  glaita  to  be  out  is  marked  with  ink  in  the 
rt'ttuired  direction,  and  tlien  a  urack,  ooaimenct*d  by  any  convenifnt 
method,  at  UQino  distance  from  thu  dcKirod  line  of  fracture,  may  be  lod  by 
the  point  of  a  h«at«d  iron  rod  aluitg  the  lutler  with  the  greuleat  precision. 

Krpanin'an  nf  /Jqm'th. — The  dilatation  of  n  liquid  may  Iw  determined  by 
fltliuf;  a  thcrmoiiirttT  witti  it,  in  which  tlie  r«>l&tiun  bt'twe<-n  the  capacity 
of  thu  hall  and  thiit  of  the  stem  U  exactly  knnwu,  and  observing  the  height  of 
thetxjltimu  at  difTerent  temperntun.tt.  It  iii  Qevvin&ry  in  this  exp*.'rimeiit 
to  lako  into  ncfxiunt  the  etliH^tH  of  the  expansion  uf  the  glass  itself,  the  ob- 
served result  being  eridenlly  ih*-  lUjTerencr  of  tho  two. 

Liquids  vary  excoo<lin{L;Ly  in  tlii»  pnrtiinibtr.  The  following  table  is  taken 
from  I'6ulut*s  "  K16mt<ut.s  de  PhyKiquf;" — 

Apparent  Dilttlation  in  GIosm  Itetween  (P  and  100^. 

Water 

Hydroi^hlorio  acid,  sp.  gr. 

Nitric  acid,  sp.  gr. 


1.37 


1.4 


1.8S 


Sulphuric  acid,  sp.  gr 

Ether 

Olire  oil  . 

Aloohol     ... 

Mercury  .........     ^ 

lost  of  these  numbers  must  be  taken  as  rcpresi^nting  mean  results ;  for 
there  are  ft-'W  liquiiU,  whii-h,  like  mercury,  expand  regularly  between 
theHe  t*^mpcraturos.  Even  mt*rcury  alKJve  UW-  Hhiiws  an  unequal  and 
increasing  expansion,  if  the  tempernture  indicated  by  the  iiir-thormometor 
be  used  for  comparison.  This  is  shown  by  Ihu  fuUowing  abtitrocl  of  a  tahlu 
given  by  Regnault : — 

Tftmperiiture  dediicpd 

(nnn  fhe  Attoolutc 
KspJiuelon  or  Mercury. 
OO 
100 
202.78 
308.34 
3tJ2.10 


Rending  of  Air 

Resdlngof  McrourUl 

Thermometer. 

Thermometer. 

OO 

OO 

lOO 

100 

200 

200 

300 

301 

S60 

354 

Tlie  absolute  amount  of  expansion  of  nierenrT  is,  for  mnny  reason?,  a 
point  of  great  irap<irtance;  it  has  bwn  vi-rv  carefnllv  dttermined  br  a 
method  indep»*ndent  of  the  expanpion  of  the  oonlaininn  vwispI.  The  Appara- 
tus employed  for  this  purpose,  (ini  bv  Pulnng  ond  Petit.  STid  loter  bv 
KegnauU.  is  nhown  in  fig.  23.  divest«»d.  however,  of  mnnv  of  its  sulwnlinate 
parlii.  It  consists  of  two  upricbt  glass  tnbes,  oonnertiM  at  thHr  bases  by 
a  horizontal  tnbeof  mneh  smaller  dimensions.  Sinw  a  fr**p  commnnieation 
exisU  between  the  two  lubes,  mcreury  poured  into  the  one  will  rise  to  the 
same  level  in  the  othnr.  provided  Its  temperature  is  the  some  in  both 
tubes;  when  this  is  not  thn  cas*»,  (he  hotter  column  will  be  tl.e  taller.  1n»- 
cause  the  expansion  of  the  metal  diminishes  its  sp*»rific  gravity,  and  the 
law  of  hydrostatic  e4|uiIibriDra  requires  that  llio  height  of  such  columns 
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fihoald  be  mrersclr  as  tlieir  densities.  Br  the  mid  of  the  outer  cylinders, 
one  oi  the  tubes  is  nuintained  oonstAntl/  at  OP,  whilv  the  other  U  rnifliKi, 
hy  means  ot  heated  water  or  oil,  to  any  required  tt'inpfralure.  The  per- 
pendicular height  of  the  ci>lunui»  may  thttn  bo  read  off  by  a  horixoutiil 
imorouietor  tiftest^wp*?,  ntuving  cm  a  vertical  divided  scale. 

The^e  heights  represent  volumes  of  equal  weif^ht.  K'tvuse  volumes  nf 
■qnal  weight  bejir  an  iuv<>Ttie  jiruportion  to  the  deiiKitit;}4  vf  the  liqittfU, 
so  that  thn  amount  of  pxpanninn  a^lniits  of  Iw'inp  wry  nanily  calrulattnl. 
ThuBf  let  the  column  at  0^  Ue  t>  inches  high,  and  that  at  1<X>^'.  6.10H  inrhvs ; 
the  increase  of  height,  lOfe  on  tiltOO,  or  5I.5  part  of  the  whole,  will  repre- 
sent the  absolute  eubiij&l  expansion. 


Flff.  23. 


Th«*  indications  of  the  mercurial  tliennompter  arc  iTiaccnratc  when  very 
high  ranges  of  tcin]ji'ratun*  art' eoiicvnu-d,  from  tlieinereaHnl  cjipansibllily 
of  the  metal.  The  error  thus  caiixed  in,  how«rcr,  nearly  coinjvenHate<i.  for 
ttfmpt^ratures  under  2t*4.rp  C.  (40(P  K.)  by  the  oxpautflou  o(  the  glass  tube. 
For  highw  fcewperaturos  a  small  correction  is  oectMsary,  as  the  abovu  table 
shows. 

To  what  extent  the  expansion  of  different  Hqai'ls  may  vary  between  the 
same  temperatures  is  obvious  from  a  glance  at  Bg,  24  which  represeuts  the 
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expansion  of  mercury  (M),  water  (W),  oil  of  turpentine  (T),  and  alcohol 
CA).  A  column  nf  thejie  several  1iquiii«t,  cqiinllin};  at  (>^-'  the  (enfold  height 
of  (he  line  <>  1>.1  in  the  diagram,  would  eslnbit,  wlien  heated  to  a  tempera- 
ture of  lO"^,  20-,  3f>^.  ete.,  an  expansion  indieatetl  bv  the  diHtant'cf  nt  which 
the  perpendicular  lines  drawn  over  llie  numbers  lit,  20.  SO.  Mr,,  are  Inter- 
secte<l  by  the  curves  belonging  to  eacli  nf  tliese  liquids.  Thus  it  is  seen 
that  oil  nf  turpentine,  between  O^J  and  lOOO,  expands  "^i^ry  nearly  -^  nf  its 
volume,  and  that  mercury  lietwften  the  same  limits  nf  temperatore  expands 
uniformly,  while  the  rate  nf  expRnslon  of  the  other  liquids  increases  with 
tiie  rise  of  the  terojiernture. 


Vl. 


9MC  ^«  'jam  wsnJt  >!«■  ^anaScf 
«na  ^i     if  nil    >  liiiimi  ic  ^:  i&ib 

Coa4l«ctloa  of  Sost. 

Ua  laaK  ^  *  ipu.:&-iamg,  d«  srat  vH  «nia  WeiMa-  tw  )m  •»  W  ^tmA 

ATX  ^Mfl^nM. 

SlT^       ...        -  1«»  ^asi US 

C^ffMT     ....    7K   Litttl ^ 

^M         ....»*    FlasiMM  .        .        .        .    «4 
Btm         .        .        .         .    0fi  G«i»astrer    .         .         .    O 

Ta y^'  r— It     ....    12 

Irw U»' 


4i£^T*«<*«  «xittt  i^v«wB  tb'»m :  fV-cvs.  -ifafle  vwiii.  a»i  dkanval  feUov 
■ttxt  is  «v4«r ;  tJW>ff  liquic  in  g«ac*al,  aad  lait^  saaes.  vhaae  candsctiiig 

Ca^itT  fayqraMg  tif >:<agtanoe».  ■e^gitWfa^  both  bqwafa  «ad  pmcbbxjt 
t^-ww.  rft{«ll7  Iwati^ :  Imas  ftpptMd  «k>  tbe  bottfflB  cf  ibe  cftiimag  tck- 
M^  ift  r«f7  w^^ily  ovm^juiicate*!  to  its  cctnents :  tliift.  koweTi*r.  i§  not  wo 
■feoHi  Ij^r  o»i4o<:tioB.  »c  by  coMTwiion.  or  csnnrinp.  A  enBpI*^^  rirc«l»- 
ti^A  idt  v<  op:  tb«  i^iftiMu  in  <K>Tit&ct  with  tL**'  IwRAtn  •nf  the  Ttfliel  gri 
^t*AUA.  \0^Mar:  Ij^btxT.  and  ris«r  to  tb«  forCbc^.  ukd  in  this  tst  the  heai 
>Ai9inv9  '^ioauaDiratA^  V>  th«  whole.  If  th«*e  moT.£inents  be  prercnted  by 
4ir'viiug  the  T«Mel  inu^  a  fp^'^^at  nimheff'  of  mmpartiaentfl.  the  rcallT  loir 
er^vlaetii^c  powicir  'A  the  sofcatanc^  »  made  erident :  and  this  ia  the  wtamm 
why  cvrrtain  or^^anic  bbrica.  aA  W/I.  »ilk.  leathers,  and  porofit  bodica  ia 
jif*tvrrat.  the  cariti^  of  which  are  fall  <A  air,  exhibit  such  fevble  powers  of 

IDie  eirtmlation  of  heal^yl  water  throngh  pipes  is  now  extensiTelr  allied 
U/  the  vamria^  o<  baildin^  and  a>nserratorif« :  and  in  chemical  works  a 
n^rrptmUtv:  metal  tnbe  oontaining  hot  oil  is  *rf)en  used  for  heating  stills  and 
erapr^ating  pans  ;  the  two  extremiti*?*  of  the  tabe  are  connected  with  the 
en'ls  '^  an^Hher  spir^  bnih  into  a  small  famace  at  a  lower  ler^,  and  an  on- 
intennitting  circalati^m  of  the  liquid  takes  place  as  long  m»  heat  ia  applied. 

Bpecifte  Heat. 

Br^nal  weigbtfl  of  different  saljatances  baring  the  same  temperature  re* 

qriire  different  arrK^ontM  of  heat  Up  raise  them  to  a  giren  degree  of  tempera^ 

ture.     If  1   lb.  of  water,  at  KXP,  be  mixed  with  1  lb.  at  40<^,  then,  as  is 

100  +  40 
well  known,  a  mean  t^nperatare  of  J- —  &=  70*^  is  obtained.     In  the 

same  way  th**  mean  t«rmfMrrature  is  found  when  warm  and  cold  oil,  or  warm 
and  *!old  mercury.  et«,,  are  mixed  together.  But  if  1  lb.  of  water  at  lOOO 
lie  Hhak'fn  with  1  lb.  of  olive-oil  at  40^,  or  with.  1  lb.  of  mercury  at  40^, 
then,  IfiNV'sd  of  iUu  neaci  tepiperaiure'of  70^,  the  temperature  actually 


HKAT, 


obUiiuxl  will  be  80O  in  the  first  GaM»  98^^  in  the  tecsonrl ,  30  dcCMM  ct 
beat,  wbich  the  water  (by  cooling  frum  ItKI^  to  8(NJ  t^mv  lu  Uio  «iuu« 
wci^bi  of  uil,  wtTc  sudicifut  to  misf  tin'  oil  4'^^.  iLal  in,  Itoux  Aif-  to  H>-'; 
ainl  2-,  wliicU  ihf  wuicr  lo^t  liv  iiwiling  fn»tii  ItKN-  to  '.<H-,  !4udli-i.tU  Ut  heat 
aji  tfqtiftl  quiuitit/  of  mercurr  5*',  uauifly  from  ■i^^•'  to  tio'. 

It  t»  cri<icnt  from  tbi-at*  expuriuiMiits  that  tlt«>  qiinntitiitt  of  heat  whieh 
tH|tul  wHffbu  of  WAtiT,  oliVfMiil,  anil  mercurr,  rtMjuire  to  tauo  their  t4Mu- 
Ix'ratarM  to  Oih  s&nie  h<*i>;ht.  art*  uuequal,  &nd  that  they  tkia  in  ihti  pro- 
portion of  the  nuuU'ni  1   :    jj[  :   ^',,  <>r  1  •'    t   ■    t^< 

Tht-SM  <)tiADtitt(«  of  hi'jit,  expnw.ti^t  rflntiv*'!/  U>  the  quantitr  of  heat 
rt^iuinul  t4i  raUt*  th*5  t«i-m]M>r»ture  u{  ao  et|ual  weight  of  water  from  0"  to 
1-  C,  »ro  c.AlI«<d  the  ajieoific  h«&ts  of  the  varUiiiA  *>utMtaiii-*'3i ;  thiin 
ihe  ezptTimentfl  Just  tlestritK**!  ahow  that  the  spftejMo  henl  of  iili\'e-oj|  in  |. 
that  lit  to  »A/,  the  ijuautity  of  hent  whit-h  would  raine  the  ti^iiiperntiire  of 
»T»T  givon  quanliljr  of  nlive-oil  from  *^-'  to  1'-'  wmihl  raine  that  of  an  ftinnl 
v<-j^ht  of  wat4»r  only  from  0^  to  |^t  or  of  half  that  quantity  of  watirr  from 

Th(*  8p«rifio  hi*aia  of  Ijodies  are  oomidtimea  said  to  migtsure  their  rplntire 
capaoitiea  for  heat. 

Ther«  ar*  three  diatirift  methods  hj  wliirU  the  sfwritic  Inat»  of  varioita 
sulalauctiS  may  be  tvtimated.  The  first  of  thttie  iti  )>v'  nW<-rviiij|;  th<'  riuaii- 
^tjty  of  iix*  melti?d  by  a  given  weij^ht  of  the  f ulvtanc>'  1ie:it*>«l  Ui  a  p.-irtieiilur 
tii}>erat»r«< ;  tht*  ftocoud  ia  hy  untiiig  the  time  which  the  heate*!  IvNly 
ijuirua  to  cool  down  tliroDgh  a  curtain  number  of  degrm^  :  aiiil  ibe  iliird 
the  method  of  mixturo,  on  the  priuciplo  illustratod;  thia  latter  method 
pn^fttrrvtd  n»  the  moet  accurate. 

The  determination  of  the  specific  hvat  of  different  (tulwtanv^  han  m^-ii- 
ied^  the  fttteiition  of  many  experimenter  ;  auion>i  these  IKilong  and  I'etit, 
id  rectfntly  Itegnault  and  Kupp,  detiervc  eapcLJAl  mention. 
Fr>m  ihv  olmervationit  of  lh»H  and  other  p!iyi«i<;it)t«,  it  followH  that  each 
dy  ha»  it«  ptnjuliar  ti|MTifIt:  beat,  am)  that  the  aper iflti  heat  increaai^ 
llh  inoreaac  of  temp<*ralure.  If,  for  example,  the  heat  which  the  unit 
wat<fr  \oi*^  by  cooUuk  fn»m  U*^  to  U-*  h»>  marlcud  at  K*^,  then  the  loaa 
rtirdinir  friHft  5l>'^  to  (f' will  hi',  not  50,  m>rri>Apondin};  tf>  the  difreri'ne«> 
l«'ni|H-ratnre,  but  50.1.  By  ooollng  from  lOO^  to  0^^  it  Ih  100. .1,  and  ni*e« 
2<>-'l.2  when  tlio  water  is  heated  under  pr«*ftl  prt-sann-  to  2(HtC,  ^nil  after- 
pardfl  cooled  to  0-.  i?iiiiilar  and  even  niuri-  tttriking  ditrt-renci'^  havo  been 
luud  with  otheT  Hulwtancea.  tt  ban  nlint  In-en  prMVi-il  thai  the  it]MH!ifIc 
*at  of  any  9uii»tam>*  is  fcrcater  in  the  liquid  than  in  the  Aolid  state.  For 
cample,  the  siHt-iltc  h^at  of  leu  la  U.504«  that  ia,  not  more  than  half  aa 

It  aa  that  of  liquid  water. 
It  ia  remarkable  that  the  apt^ciflo  boat  of  wat«tr  U  grf*at4>r  than  that  of 
other  solid  and  liquid  snb«tane«'H.  and  ia  exrwNltMl  only  by  that  of 
rdmgen.  Tlie  apeeitic  lieat  of  the  wdiil  parts  of  the  eruiit  of  the  globe 
on  an  areraRe  4.  and  that  of  the  atrao!»phere  nearly  \  that  of  water. 
If  the  apwific  heat  of  any  bi^ly  within  certain  depriH-a  of  temjMTatare 
awurat+'ly  known,  then  from  the  quantity  of  heat  which  this  Uwly  ^;ivoB 
It  when  qnirkU- dipr*«Hl  into  cold  water,  the  temperature  to  which  tlm 
dr  was  heatt-dmnT  1«^  det*?nninpd.  Pouillel  hasi  foundwl  on  this  fart  a 
^t'hod  of  meaauring  hiah  temperatures,  and  for  thia  purpose,  with  th« 
dp  of  the  air-Ibormomett-T,  he  has  dHtermlned  Iho  ajMnMilc  heal  of  pla^ 
jum  np  U.  ltirK>o  C. 
The  det**nnination  of  the  fipft<'iflo  heat  of  paaw  ia  attended  wilh  j.eculiar 
irultlfts,  on  a<vnant  of  the  comparatively  lar^e  volume  of  amaU  wuighla 
gaaea.  For  many  jraart,  however,  aatiafactory  rcsulttt  have  beun  obtained 
,  the  method  of  mixinf^. 
Wh^xB  3  gna  exp»a<ig,  beat  becomm  iatont,  that  ifl  to  fifty,  \taeivftuA« 
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the  thermoniAt^r;  in  fact,  tho  tnolfcul&r  motion  wUdi  oonstitatM  hn&t 
is  convortvd  into  another  kind  of  uiuiion,  wliieh  overuomee  the  pru«sur«  to 
which  the  gao  ia  »ubje«terl,  aiid  allows  it  to  t^xpand  (»i»e  piige  78).  The 
ainoant  of  lieat  n^quired,  thtTcfure,  to  raise  a  go-s  to  any  gireu  tempera^ 
tnro  inrrt^n^t-ts  thu  uiort*  the  gta  in  qii**ttiiun  u  allowed  to  expand.  I'lif- 
uuantil/  of  hi'at  whii^ti  the  iiiiit-wfight  nf  a  gas  r«H|airej)  in  itrtivr  Ut  raisiu 
ha  t»'mp*'raluiv  i'^  without  it«  voluiu"?  undergoing  any  change  (which  tAn' 
L'llcH  plat'**  onljr  by  the  pr«t»ure  bring  t»iuiultaueuutil>-  augiufntLtl)  ia  calliM 
the  H|.HH'ific  heat  of  tbtf  gas  ut  anuHaat  vi^hthk.  The  quantity  of  heat  re- 
i|uiiv«i  hy  thf  nnit-weight  of  a  gas  u*  raise  ita  tt-ntpcrature  1^,  it  bfing  at 
the  same  time  allowed  to  dilate  t<j  NUch  an  extent  that  the  pressure  to 
whieh  it  ia  expotied  remains  unchanged,  \a  cAlled  the  specific  heat  uf  the 
gas  lit  canittnnt  preMitr«,  According  to  what  has  already  been  staled,  tlie 
HpeoiAo  heat  at  eoiwlaiit  pres«ur«  nmst  Im*  grcatpr  than  that  at  cnuutaut 
volume.  Ihihmg  found,  in  the  caati  of  atmospheric  air,  of  oxygen,  of  hy- 
drogen, and  of  nitrogen,  that  tlie  two  speoiHc  heats  arc  in  th«*  propf>rtion 
1.4i21  :  1.  For  earUiu  monoxide,  however,  he  oljlaiue<l  the  pmiKirtioii  of 
1.423,  for  carlM)n  dioxide  1.X17,  for  nitrogen  dioxide  1.543,  antl  for  olellant 
gart  l.i4  to  1.  The  exael  d<'ttrniinali>in  of  these  ratios  is  extrMnely  dilB- 
cult,  and  tlie  results  of  difTcrent  phyvieittls  hy  no  meani*  agree. 

The  flrat  satieifaetnry  ittinparii^oii  of  the  H]>t«iftu  heat  of  air  with  that  of 
water  was  madfl  hy  Count  Unniford  ;  later  Mtnipariaons  of  the  ftptMiiftc  heat 
of  various  g&ftua  have  b«en  made  hy  Uularocht*  and  B4rard,  iJulong  ami 
RegnauU. 

Tlie  firat  re»earchefl  of  Drlarovhe  and  B^rard  furnished  the  resQlt* 
embodieil  in  the  following  table  :— 


Atmospheric  air 
Oxygen     . 
Hydrogen  , 

Nitrogen  . 
CarUin  monoxide 
Nitrogi.m  nmnoxido  • 
Carlton  dioxido 
Olefiaut  gaa 


Equ«l  volume! 
The  Tolurnca  The  prraiiuro 

OODBlADl. 

1 


1 
1 
1 
1 

1.227 
1.249 
1.7fi4 


eoaitant. 
1 
1 


EcjUfil  wf  iiflit*. 
Air— J.    Wuter«-l. 


I 

1.160 
1.175 
1.531 


1 

0.9045 
14.4510 
1.0295 
1.0337 
0.7607 
0.7685 
1.5829 


0.2G(;tf 
0.2414 
3.^>5«9 
0.2748 
0.27.VJ 
o.2o:m) 
0.2<»51 
0.4225 


Tlie  lAtecit  and  motjt  tmstwortby  detorminationR  are  those  of  Regnnult, 
given  in  the  tiuhjoineit  table,  in  the  second  column  of  which  the  8p4.-tiilie 
heats  of  the  seviTiil  gasns  and  va]>ors  ar*-<  »"niii]>anNi  with  that  of  an  «>«]iial 
weight  of  water  takt*n  n»  nnity,  and  in  the  third,  witli  that  of  an  etiuiil 
voluiiii!  «>!  air  ri-ferrwl  to  itc  own  Wfi^ht  of  water  iw  tniity.  The  latter 
BtirieH  of  numb«*ni  iK  obtaimtl  tiy  multiplying  the  numbers  in  the  second 
column  by  the  fipfHriflc  gravities  of  the  rrapectrvc  gases  and  vapors  referred 
to  air  a«  unity  : — 


O-hmb. 


Sex 

Atmo«pheric  air     .         «         •         .         .1 

Oxygen 1.1056 

Nitrogen 0,0713 

llvdrugen 0.0692 

Chlorine 2.4502 

Bromim*  vapor 5.4772 


at  ronatanl 

rhfat 

For  equal 

welvhtt. 

Wftter=.l. 

For  pquAl 
Tolumea. 

0.2377 

0.2377 

0.2175 

0.2405 

0.2438 

0.2368 

3.4090 

0.2359 

0.1210 

0.2965 

0.05&5 

0.3040 

UEAT. 


Air— r  Water  — I. 

Cu-bon  monoxide* 0.9G7O  iK^^O  0.2370 

CartK>n  dioxitle 1.6310  0.2169  0.2M7 

Nitrogen  monoxMe         ....  1.5241  0.22CS  0L3M7 

Nitnjj,'en  dioxide 1.03S4  0.23U  0LM09 

Olf'fiADl  gAS ^K'JuTZ  M.-K^O  Ol41<W 

Mai»ligiw <t.:.:>«7  <'.:.i'29  a.33i7     ' 

Aqneoiu  vapor ii.'ii^jo  <i.-i'H)5  Ol2&S9 

Galpharetted  hrdrogen                              .  l.lT4t>  0.2432  0,2857 

Sal ph or  dioxide 2.::]  12  0.i:>44  0.S414 

Vapor  of  cairbon  biaatptiidi*    .                  .  2.t;2r.S  O.UOa  0.4122 

Urdroi-hloric  acid           ....  1  .*r.:>(>  0. 1  ^'.2  0.2303 

Acaaionift U.j^l>4  0.5(>&4  0.21>9tf 

The  reaearohei  of  Delaroche  and  fi^ard  \cd  them  to  suppose  that  the 

wiAo  heat  of  gaaes  inorewed  rapidljr  m  th«  t«iiip«ratare  was  raia«d,  and 

It  for  a  given  volnme  of  pas  it  inrrcaaod  in  proportion  to  the  dfiuitr  or 

lion  of  the  gaa,     Kegnault  foaud,  howerer,  the  quantitj  of  heat  whidi 

given  volumv  of  gas  require*  to  taiae  it  to  a  certain  tcmperatam,  to  bo 

idcpondcnt  of  ita  densilv  ;  and  that  for  each  df^fp'ee  betWMOi  — dCP  C. 

id  220"  0.  it  ia  cwnjdtanl.     Carbon  dioxide,  however,  forma  an  excepUon 
thill  ruli^,  its  gp^Krillc  heat  increasing  irith  the  temiferature.     In  tli« 

iblr*  mpan  values  for  t«^mperaturt4  between  10'^  C.  and  20(P  (.*.  hAve  been 

(ven. 
Several  phynieisU  hare  held  that  the  specific  heats  of  elementarjr  gasea« 

^ferred  to  tniual  rolumed,  are  idoutical.     The  numbers  which  Regfnaolc 
mrl  fur  chi'iriiie  and  bromine,  however,  show  tliat  the  law  does  not  hold 

for  all  elemenlarj  gases. 
It  has  been  alreatly  stated  that,  when  a  gas  expands,  heat  bMnmea 
tent.      If  a  gan  nu  (>xpaniling  l>e  not  ftupplio<i  with  the  requinitu  heal,  its 
iiperature  CalU  on  account  of  lis  jwu  rre*^  ht'&t  iM'timiinj:  lnti<n(,  tlmt   ia 
«ay,  expended  in  ovfrcuiuiug  pru^^ur*!*.     On  tht;  ulluo*  hajid,  if  a  gas  be 

»iii{>re98e<l,  thin  Intent  heat  bt^vxiu-s  frof^,  and  causes  an  elevation  of  tern- 

!rature,  which,  uuder  favorable  circumstonccf;,  may  be  raised  to  ignition  ; 

'ringes  by  which  tinder  is  kindled  are  ouustructed  on  this  principle. 

Change  of  State. 

1.    FuMion  and  S(Aid\tic(Ui<in» 

Solid  bodiM  wh«n  heat«d  are  expanded ;  many  are  IfquoflM],  i.e.,  they 
melt  or  fuse.  The  melting  of  Bolida  it>  frequently  preceded  by  a  gradual 
softening,  more  eepe^-inliy  whi^n  the  t«*miMtr»tiire  npproaoheM  the  p»:iint  of 
fusion.  This  phi*nonienon  in  ub4^erv<*d  in  the  cajw>  of  wax  or  iron.  In  the 
case  of  other  solids — of  xinc  and  lead,  for  inslanoe — and  several  other 
metaU.  this  s«>ftening  is  not  ob9erve<i.  Oenerally,  luxiti-s  expand  during 
the  prfM^-sw  of  fi)?ion ;  an  exception  to  \\\'\n  rule  i!4  wator,  which  expands 
during  freesing  (10  vol.  of  Wfttor  province  nearly  11  vol.  of  ioe),  while  ieo 
when  melting  produces  a  prnportionat«'Iy  smaller  volume  of  water.  The 
expansion  of  bodice  dnring  fn«iion,  and  at  tmiperatun'S  preceding  fusion, 
or  the  contraction  during  solidiffcntion  and  further  refrieeratioii,  is  very 
unt-qnal.  Wax  expondn  wmsideruMy  before  fusing,  and  oomparativt'ly 
Utile  during  fusing  iUelf.  Wax,  when  poured  Into  monlds,  fiUa  them 
perfpi'tly   during   aolldificatlon,    but    afterwards    contracts   eonaidsrably. 
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Stearic  acid,  on  t)ie  contrary,  expands  very  lUtle  before  fuRion,  but  rntlu-r 
ronsidprably  during  fusion,  and  consequently  purt?  8t#'aric  acid  wlu-n 
poured  Into  moulds  soUdifies  to  a  rough  poroua  mass  contracting  ViUXv  by 
further  ccxdin^.  The  addition  of  a  little  wax  to  stearic  acid  prevents  the 
IMwerful  c'ontraction  in  tho  moment  of  snlidificalion,  and  reiidcrtt  it  more 
lit  for  being  moulded. 

hitrtit  lirxtt  ii/'  Ftinititt. — Durin^;^  fusion  Iiodiea  absorb  a  certain  quantity 
of  heat,  which  Is  not  indlcat«.l  by  the  thennonieter  ;  at  a  given  tempera- 
lure — tlie  melting  point,  ftir  iustaiii-e — a  certain  weight  of  ijubstanw  ttin- 
tainfl  when  i^olid  l^s  1ii>al  tbau  when  liquid. 

If  «iual  weighta  of  water  at  IP  C.  (32©  F.)  and  water  at  790  C.  (174.2P 
K.)  be  mixt<tl,  the  tiMii|>»_'rature  of  the  mixture  will  l»e  the  mean  of  the  two 
tcmporaturiit,  or  3fl.r»0.  If  ihe  same  experiment  lie  repcoted  with  snow  or 
finely-powdered  ice  nt  OO,  and  water  at  7'*°.  the  temperature  of  th«  wlu>" 

will  he  OUlv  OO     ff,a  iJig  icf.  U-iit  fuur  h/eu  tueltiul. 


1  lb.  of  water  at  O"^ 
1  lb.  of  wat*«r  at  7J>"* 
1  lb.  of  ic«  at  (V^ 
1  lb.  of  water  at  71"0 


\      =2  lb.  water  at  3d.50. 
I     =2lb.  watermtOO. 
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In  the  last  ex])crimcnt,  therefore,  as  ranch  heat  has  been  apparently  lost 
Bi  would  have  raitt4«d  a  quantity  of  water  et|ual  to  that  of  the  Ice  through 
a  range  of  79*^  (I4'2.20  F.). 

The  heat.  thu«  become  insensible  to  the  thermometer  In  effecting  the 
liquefaction  of  the  ice,  id  called  latent  heat,  or  better,  heat  of  H  uidi  ty. 

Again,  let  a  perfectly  uniform  source  of  heat  K*  imagined,  of  such  iu- 
tenaity  that  a  IIj.  of  water  placed  over  it  would  have  its  tempfralure 
r&i»ed  S'^  per  minute.  Starting  with  water  at  (^^,  in  rather  less  tliau  1(J 
minntefl  its  temp<Tature  would  have  risen  "i^^;  but  the  same  quantity  of 
ice  at  (P,  expose*!  for  the  same  interval  of  lime,  would  not  hax*e  its  tem- 
perature raised  a  single  degree.  IJut,  then,  it  would  have  become  water; 
thu  heat  rt>ceived  would  have  been  excluiiively  employed  in  efleciing  the 
change  of  state. 

TJiis  heat  is  not  lost,  for  when  the  wat^'r  fr*»exr«  it  is  again  evolveil.  If 
a  tall  Jar  of  water,  uuvered  to  exclude  dual,  be  placwl  in  a  slluotiou  where 
it  shall  be  quit«  undisttirlwd,  and  at  the  same  lime  cxpoHcJ  to  great  cold, 
the  lemperalure  of  the  water  may  be  reduced  K'O  C.  (It^  F»)  or  more  Iw- 
low  its  Ireeaing  point  without  the  formation  of  ice;*  but  then,  if  a  little 
agitation  be  commnnicated  to  the  jar,  or  a  grain  of  sand  dropped  into  the 
water,  a  portion  instantly  solidifioa,  and  the  temperature  of  the  whole 
risMi  tu  OO;  the  lieat  disengaged  by  the  freezing;  of  a  small  iwrtion  of  the 
water  is  snfncient  to  raise  the  whole  contents  nf  the  jnr  f)©  C.  (90  p.). 

Tills  curious  condition  of  instable  e<iuililiritjm  ffliown  by  tlic  very  cold 
water  in  the  prece<liug  ex]>erinient,  nmy  be  re|>roducc<l  with  a  variety  of 
Boluliotirf  which  tend  to  crystallize  nr  soiidify.  hut  In  which  tliat  change  in 
for  a  while  suspendeil.  Thus,  a  sfilutloii  of  ervslallized  sotlium  sulphate 
in  its  own  weight  of  wani\  water,  U-fl  to  tsn*\  in  an  open  vessel,  depiisitM  a 
large  quantity  of  the  salt  in  crystals.     If  the  warm  Bolntiozi,  however,  be 

•  Fiiaeil  tiodle*.  when  eooletl  down  *o  or  lielnw  their  fiwlnfj  point,  frrquently  re- 
mnin  liqiiiil,  mnr*'  eHjir''liiMy  w'u-n  not  in  citntupt  with  unlid  Imdli-ii  Thim,  wnlrr 
In  1%  mixture  of  oilof  tlmoudi  nnd  rhlDrornrm.nrs|tr>(?inc  giavily  er|iini  to  ItB  nwn, 
rcmftln*  liquid  to  — lO'j  in  ft  ■imilnr  mnnner  futcd  wtlphur  or  pfio»(rhfini(i,  flontlnif 
In  a  lolullnn  of  zinc  chloride  of  upprnnrlwte  rnncpntritlnn,  retntpa  |]ip  liquid  eon- 
dttlon  nt  tcmperAttires  40°  helnw  itn  fiidlnF;  pnini  l^lqn  iil  hnillm,  tliun  rnnU-d  be 
low  their  funinc  nolnt.  frequently  »olt«llfir  wtirn  touctied  with  «  »«lld  i"tih«t«ni'f . 
Invirlfttdy  when  hroiiirht  In  ponl«ct  with  n  fr««ment  of  the  Hume  hoiJv  In  the  iioltil 
■t^t«.  A  [tody  thu*  retiilned  In  the  llqiilil  ntnte  hf  Iaw  Iti  unlluKry  lulitllfylng  pulot^ 
U  anld  to  be  In  a  Atiite  of  turfurion  ur  cuprr/ution. 
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AiterM  into  a  clean  fluk,  vrhjch  when  full  U  svcurely  oorked  and  a«(  mU\*^ 

lo  cool  andUturbt'J,  mo  cryataU  will  be  dcpoeitfd,  even  a!l*T  mnny  rlay*, 
until  Ibe  cork  is  wilhilrawn  and  the  coiilfuta  of  tUo  Uask  are  rioleuti/ 
shaken.  Crystal! izaliou  then  rapidly  t.ikiw  place  lu  a  wry  U'autitul  man- 
lUT,  and  tbu" whole  Immxhik-s  perct-ptihly  warm.  Tho  law  abovL>  UlUitlrattKl 
in  the  case  of  water  U  j^verffctly  g(!U«ral.  Whont'Ver  a  wlid  Ikh'oiuc's  a 
liuuid,  a  certain  fixed  and  di'liuitt;  aiuuunt  of  heat  diaappeArv,  or  tn*cnme« 
lat*;nt:  and  oooToraely,  whenever  a  lit^uid  beouujes  aohd,  heal  to  a  cor- 
rtspondiiig  extent  is  given  out. 

The  following  table  exhibit*  the  melting  pointa  of  several  aubstances, 
and  their  latent  heats  of  fusion  rxpniMRivl  in  grani-degrtuw — that  la  U*  Hay, 
the  nnmUtm  in  the  eoluinn  heml^'d  "  laieiit  heiil"  denote  ilie  nuniU'f  of 
rranw  of  wat«r,  tho  l«n»j>erature  uf  wliirh  would  be  raisul  lO  cvntigrade 
D^  th«  quantity  of  heat  reijnired  to  fuse  one  gram  of  the  acvcral  btdida : — 


Sttbttaafle. 


Mercnry .     . 

Pbosphoraa 

Lead  .     .     . 

Sulphur .     . 

Iodine 

Bismuth 

Cadmium 


tftUlnff 

Polal. 

Lattal 
Ueai. 

_390 

2.82 

+44 
332 

ft.O 
5.4 

iiri 

9.4 

107 

11-7 

270 

12.  U 

320 

i:j.ii 

SubttaoM. 


Tin 

Silver  .... 
Zinu  .... 
Tnlcium  rhloridu 

(<'«i'l,  GlljO), 
Polnif^iulu  nitrate 
Sixliuui  nitrate    . 


mutfti 

FoUi. 


2350 
1000 
433 

28.5 

339 
310.5 


I.alffnt 
Umi. 


14.25 
21.1 

28.1 

40.7 

47.4 

G3.0 


Freezing  Muture*. — When  a  solid  Bubxtanco  can  be  modo  to  liquefy  by  a 
WMbk  chemical  attratUinn,  cold  re«ultJ),  from  Henttihle  heat  lx*eouiiTi>f  latent. 
TWa  ia  the  principle  of  frigorifla  niixtun^.  When  «now  or  jiowdered  Ice 
ia  mixed  with  i^>iumon  Rait,  and  a  thermometer  plunged  into  the  ma»a,  tho 
mercnry  sinks  to  — 17.7^  C.  (OO  F.),  whil"  the  whole  nfler  a  short  time 
beooni>>fi  tluid  by  the  attructioo  iMrtween  i\\\^  water  and  the  salt;  ttui-h  a 
mixture  ia  very  often  uh*M  in  ehemical  experini<*iu«  l"  <''»oI  n'eeiverp  and 
condense  the  vajKirs  tif  volatile  liqiiidit.  IVwdered  rrystallize^l  caleinm 
ehloride  and  anow  prn<luoe  cold  enough  to  frefze  mercury.  Kvrn  jwwdered 
potassium  uttrat«*,  or  sal-ammoniae,  or  ammonium  nitrate,  diftaolved  in 
water,  OMZisions  a  very  notahln  depress^inn  of  tempt-raturis  in  every  rjise, 
in  abort,  in  which  aolulion  ia  unaci-ompanicd  by  energetic  chemical  action, 
cold  IB  produced- 

No  relation  oan  be  traced  l»etwp*»n  the  actual  melting  point  of  a  Bobetamjo 
and  ita  latent  beat  when  in  the  fuacrl  state. 
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2.    ^  apcrizatian  and  Condenanlion. 

A  law  nf  exactly  the  ^amekind  aa  that  above  deHcrihwl  affertR  unlvoraallr 
the  jLTWt'Kiua  condition  ;  clian^e  of  state  from  solid  or  liquid  to  rra  in  aeivim- 
panioij  by  abaorption  of  pcnsible  boat,  and  the  reverse  by  itH  dlsenp«|ie- 
ment.  The  latent  heat  of  steam  anil  other  vjijjors  may  Iw-  ft.«c<*rtaini'd  by  a 
mode  of  lnre8ti);ation  flimilar  to  that  employed  in  the  ease  of  water. 

When  water  at  OO  C.  is  mijced  with  an  eijnal  weij^ht  of  water  at  KKIO  C,, 
the  whole  im  found  to  possesa  the  mean  of  the  two  teniperaturen,  or  .'iOO ; 
ou  the  other  hand.  1  port  by  weight  of  Ateom  at  HVVD  r.,  when  ro«deni»<Hl 
in  cold  water,  i-i*  found  to  I»e  capable  of  rai!*luK  .^.4  parts  nf  the  latter  from 
the  freexinp  to  the  Uiiling  point,  or  thronpb  a  ranjre  of  lOOO  (',  Now  1(*0 
X  .1,4-«540O;  that  in  to  say.steamat  lOOOC.  inUntmiinK  waterat  IWtOC., 
parta  with  enough  heat  to  raiae  a  weight  of  water  equai  to  Ita  own  (1^" 
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wore  pouible)  540O  of  the  thermometer*  or  540 

times  it8  own  woigbl^^^: 

Wftter  one  degree.     Whoii  waWr  pastieft  into  stcuiu  thu  same  qu&ulil^r  of 

spusiblo  heat  bcoomi'a  IjiUnl. 

^^ 

The  vapora  of  oUier  liquids  »e*nn  to  havt'  loss  lateut  heat  than  that  of^H 

water.     Th«-'  following  tablo  ia  hy  Dr.  j&ii<ir(*ws. 

af  liolfaat,  and  fterreswelr^" 

\          to  illaatrato  this  iwint.     The  latent  htats  are 

expreased,  as  in  the  last 

table,  iu  (^ram-Uegreee  : — 

^^ 

Latent  HeaL            ^H 

Vapor  of  wnt<T         .... 

.     535.0(P                 ^1 

11 

alcuhol 

.     2U2.40                  ^M 

11 

ether 

00.45                 ^M 

i« 

oxalic  ethor 

^M 

i( 

ocetio  ether 

92.08                 ^M 

1* 

ethvlic  iodide     . 

4<;.S7             ^M 

II 

wood  spirit 

.     263.70                  ^M 

t< 

Carlton  bisulphid* 

8G.ti7                  ^H 

1* 

tin  lotraehlorido 

.       3U.35                  H 

it 

bromine     . 

45.60                  ^M 

** 

oil  of  turpentine 

'    •  74.03        m 

^ 


Boiling  or  Ebullition  is  occnsioned  bj  the  formation  of  bubbles 
vapor  within  the  l»odv  of  tiif  evaporating  litjnid,  which  rise  to  the  sarfi 
like  bubblcii  of  permanent  gaa.  This  ooours  in  different  liquids  at  very 
ditfereiit  tcinpuratiirt'S.  Under  the  soiut*  rir(:uiiistiin(U>s,  tliu  boiling  ]ioini 
ih  quite  constant,  and  often  becomes  a  physical  character  of  great  import- 


ance in  distinguishing  liquids  which 
cases  majr  lie  ci((*d  in  illustration  : — 


maoh  resemble  each  other.     A  few 


Substance. 

Boilln 

r  PoUt. 

Aldehyde   .... 

20.80  C. 

(  69.40P.) 

Etht-r           .... 

.       34.9 

(  94.B        ) 

Carbon  biautphide 

4C.1 

(116.4       ) 

Alcohol       .... 

78.4 

(173.1        > 

Water                            .         . 

100 

(212          ) 

Nitrify  acid,  strong 

120 

(248           ) 

Oil  of  turpentine 

157 

(314.6        ) 

Sulphario  acid    . 

326.6 

(439.2        ) 

Mt^rcurjr      .... 

350 

(602           ) 

For  ebullition  to  take  plaoe,  it  is  neeessary  that  the  elasticity  of  tho 
vajKir  should  tie  ulAv  to  oventime  the  i^ohesion  of  tlie  liquid  and  the  pres- 
sure apon  its  surface ;  hence  the  extent  to  which  the  boiling  point  may  be 
modifietl. 

W&t»*r,  under  the  nsnal  pressure  of  the  atmosphere,  Ixiils  at  lOOO  (2120 

F.) ;  in  a  partially  fxhausled  nnwurer,  or  on  a  monutain-tnp,  it  boils  at  a 

much  lower  temperature ;  and  in  the  best  votinnm  nf  an 

fig.  36.  air-pump,  over  oil  of  vitriol,  which  alworbs  tlie  vaimr,  it 

will  often  enter  into  violent  ebullition  while  ice  is  in  the  act 

of  forming  up<m  the  eorface. 

On  the  other  hand,  water  confined  iu  a  very  strong  me- 
tallic vtwwel  may  b«^  restroinetl  from  l»iling  by  the  pressure 
of  its  own  vapor  to  an  almost  unlimit^nl  extent ;  a  tumpe- 
ratnre  of  177°  or  2t»4C)|H  very  easily  obtained,  and,  in  fact, 
it  \n  said  that  water  may  \w  made  red-hot,  and  yet  retain 
its  liquidity. 

Tliere  ia  a  very  simple  and  Iwautiful  experiment  Ulns- 
trativv  of  tlie  effect  of  diminished  pressure  in  lowering  tho 
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boiling  |Kiint  of  a  Uqoitl.  A  little  water  is  made  to  boH  for  a  fi.'w  roiuutt^ 
in  a  tlusk  ur  retort  plac*^  over  a  latiip,  until  the  air  Ixtui  lieen  ehiued  out, 
anil  the  steam  iaitu*.^  freely  from  Ibe  oeek.  A  lij^htty-Uttiug  t-urk  in  then 
lusertiMl,  ami  th«  loiitp  at  the  aame  motuvnt  withdrawu.  Whuu  lhi<  boiling 
oease«,  it  may  Iw  renewt-«l  at  pleaeure  fur  a  considerable  time  by  pouring 
ci>l  I  wat«*r  on  the  dask,  ao  aa  to  oouiieiuw  the  vapor  within,  and  oucaaiou  a 
partial  vaeuum. 

The  nature  uf  the  vedsel,  or,  rather,  the  fitate  of  itK  nurface,  exercises  an 
induenee  u]m>u  thr  Iwilinj;  point,  and  this  to  a  uituh  greater  extent  than 
was  fnrmerlv  supposed.  It  has  Iour  Ije^n  nulice^t  that  in  a  metallic  veeitel 
water  ImiU,  uii<ler  the  aauie  eircum.stanc*>s  of  pr«'H»iiire,  at  a  tt-ntperatiire 
one  or  two  degrees  below  that  at  which  ebullition  takes  plnre  in  glaus  ; 
but  by  purtieuliir  managttment  a  much  greater  diflereuce  can  be  ubwerrcd* 
If  two  •Jimilur  glaiiii  (laska  be  taken,  the  one  ncMited  in  the  inside  with  a 
film  of  shellac,  and  Ibe  other  completely  cteaniied  by  hot  sulphuriu  ueid, 
water  heated  orer  a  Unip  in  thellrst  will  Imil  at  li9.4^,  while  in  the  ei-eoud 
it  will  often  rise  to  105O  or  evfn  highi-r  ;  a  momentary  burst  of  vapor  then 
enftue#,  ajid  the  thermometer  sinks  a  few  degrees*  after  which  it  rises 
again.  In  this  atat*«,  the  introduetiun  of  a  few  metallic  filings,  or  angular 
£ragiiieDts  of  any  kind,  occasions  a  lively  disengagement  of  va]K>r,  while 
the  temperature  sinks  to  lOO^,  and  there  remains  stationary.  Thes« 
remarkable  effects  must  be  attributed  to  an  attraction  between  the  surface 
of  tike  vessel  and  the  liqni<L 

Wlien  out  of  contact  with  S4ilid  >iudie8,  liquids  not  only  solidify  with 
ri>luctAnee,  bat  also  assume  the  gaseous  condition  with  greater  diffieuUy« 
Dro|>s  of  water  or  of  aqmnms  soUm'  solutions  tloating  on  the  contact  sur- 
face of  two  liquids,  of  wltich  one  is  heavier  and  the  other  Ii(;hter,  may  be 
hcat4«d  from  10  to  30  degre«.*s  nl>f»ve  the  ordinary  Ixiiling  jwinl ;  exp\«»Bive 
ebullition,  however,  is  infitiinuincously  induced  by  contact  with  a  s<plid 
sulietanco. 

A  cubic  inch  of  water  in  l)eooming  ateam  under  th«  ordinary  presHnre 
of  the  atmutfphere  expands  into  1696  cubic  inches,  or  nenrly  a  cuHe  fiM)t. 

Kteam,  not  in  mntud  tritk  wfj/er,  is  affectetl  by  heat  in  the  same  manner  as 
the  permanent  gases  ;  its  rate  of  expansion  and  increase  of  elastic  force  are 
practically  the  same.  When  water  is  present,  the  rise  of  tcmpi-ruture 
increast^s  the  quantity  and  density  of  the  steam,  and  hence  the  elastic 
force  inoreaseft  in  a  far  more  rapid  j>roi»ortion. 

This  elastic  force  of  steam  in  contact  with  water,  at  different  tempera- 
tures, has  been  very  cArefuliy  determined  by  Arago  and  Dulong,  and 
lately  by  Magntis  and  Regnault.  The  forwj  is'  expressed  iu  ntmospiieren  ; 
the  absolute  pressure  upon  any  given  (surface  can  be  easily  eiikuluted, 
allowing  14.(1  lb.  per  square  inrh  to  eai>h  atmosphere.  The  experiments 
werw  carrii^l  to  twenty-flve  almosphert's — at  which  point  the  diflicultii*s 
and  danger  became  ew  great  as  to  put  a  stop  to  the  inquiry;  the  r**!  of 
the  tattle  is  the  result  of  raleulations  founded  on  the  data  so  obtained  ; — 


Preixupe  of  Steitm 

Oorrmponrttny 

Presm 

re  of 

RtesQi        rorretronrtiiipf 

In  Atmospherea. 

Tempcr«iure. 

to  At 

mofpherei. 

Tfin 

pernturc. 

1 

lOOOC. 

2120  P. 

6.5 

ir.7-  c 

314.U'^  F 

1.6 

112 

2.33.« 

6 

IfiO 

320 

-            9 

122 

2.'^I.« 

6.5 

163 

325.4 

1          2^ 

129 

2r>4.2 

7 

107 

3.^.4 

1 

135 

275 

7.5 

KI9 

33«.2 

I          3.5 

140.5 

284 

8 

172 

341.6 

K         4 

145.5 

2I)3.<) 

9 

177 

.^."MLfi 

1         4.9 

149 

.HOn.2 

10 

182 

3r.ft.6 

1      s 

153 

307.4 

11 

18(1 

3G5.6 

Preuiirp  orstrjim 
la  Ataiosplicre*. 


12 
13 
14 
16 
16 
17 
18 
19 
20 

ai 


190O 

194 

VJ1 

200. 

303 

207 

209 

21  a 

214 

217 
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Prc»«ure  of  RtrAm       Corresponding 

TcmifVt»ioTe. 

lu 

Atuiosjjtierefl. 

Tem 

)>etmturc. 

3  C.    3740  F. 

22 

210'-  C. 

426.20 

381.2 

23 

222 

431.ti 

38t;.« 

24 

224 

435.2 

5        3a±9 

25 

226 

43«.S 

3i»7.4 

30 

23d 

45(i.5 

4*>4.(i 

35 

^15 

473 

408.2 

40 

253 

4S7.4 

413.ti 

45 

255 

41)1 

417.2 

&0 

2ti(J 

510.3 

422.6 
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It  is  Tery  interesting  to  know  tlifl  iimouiit  of  heal  requisite  (o  coiirel 
w&ter  of  any  giv«?n  ti*mpfnilurL'  iulo  Btonni  of  tho  aoniu  or  Another  givi^flTf 
l«niperatur«.      T\w  most  exact  cxperiiueiitH  on  this  anhject  have    l)et.'n 
uia<tH  hy  Ri'ijiiaiilt.      He  arrive*!  nt  thin  re:*iill,  that  when  the  unit-weight 
of  Kteam  at  tli«  tempernluru  t^  [&  i-ouverted  into  water  of  the  son lu  t«)nii>»>^. 
ratiire,  and  tht»n  couliKt  to  CO,  it  gives  out  tha  qnontity  of  heat  7*,  wUi»"~ 
ia  rupnritouCtHi  by  the  formula  : — 

r-stiOC.S-l- 0.305  ^ 

This  formula  appeara  to  hold  good  for  tenip«raturfia  Imih  a>»nv«  and 
beh>w  the  ordinary  Itoiliug  point  of  water.  Tho  following  table  gives  tho 
values  of  T,  corresfKjnding  to  the  rtwjieclivu  teuiiM-ratures  In  tlie  fiml 
column  :— 

i  T 

OO  60(i.5O 

CO  621.7 

100  (J37.0 

ISO  t;52.2 

200  titi7,5 

T  is  called  tho  total  heat  of  ateam,  being  tht^  boat  required  to  rats* 
water  from  tK>  to  t,  t4>gi'ther  with  that  wbieli  l)econie3  latent  by  the  trans- 
formation of  water  al  fO  into  steam  at  tO.  HeguauU  status,  as  a  rvsult  uf 
aome  very  delicate  expenmenta,  that  thfl  heal  neoefsary  to  raliw  a  unit- 
weight  of  water  from  UO  to  |0  ia  not  exactly  denoted  by  i;  the  diBorepancy, 
however,  la  bo  small  that  it  luay  be  disregardtnt.  Kiuploying  the  approxi- 
mate valuH,  the  latent  heat  of  steam,  A,  at  any  tenipt-raturo  will  he  found 
by  Bubtraotlng  t  from  tho  tuta-l  heat ;  or,  according  to  the  formula : — 

1/.sG0t;.5  —  0.G05  t. 
This  (Hiuatitm  shows   na   the  r<<marl£ab1n  fact  that  the  latent  heat  of 
atram  dminiflhtis  aa  thf«  temperaturi'  risfs.     Before  RegnanlTs  experimenta 
were  mad»,  two  laws  of  grt'at  simplicity  were  generally  admitted,  one  of 
which,  hunever.  contradicte*!   the  other.     Watt  couplutU-d,  fmrn  experi- 
BW^ntsfif  his  own,  as  well  as  from  tbwtretical  Hi«»culations,  that  the  total 
1i««t  rit  ti^uQ  would  be  the  aanie  at  all  tempt^ratnr<»fl.     Were  this  true, 
•J»^  »«rtKhU  of  steam  pa8sH  into  wld  water  would  always  exhibit  the 
•■■■•WHtont^  power,  no  matter  what   the  temperature  of  the  steam  might 
m-^\^  'A,,.  «aini*  ahmUttr  nutount  of  heat,  nnd  rfinseqiienlly  the  same 
'  M,  would  be  rcfjuirM  to  evaporate  a  i?iven  weight  I'f  water] 
'-*(V*'^tnre  which  lli*"  liftiid  ran  l>enr,  or  under  prent  pn*ssure'| 
■•'^  i«*iVrraVure.     Walt's   law,  though  agreeing  well  with   thai 
'"^  *"«*itt  obtained  by  engineers,  !s  only  approximately  trne  j' 
^*  •■1^  lud  gC  tho  dodiictlona  whlrh  have  Jnat  l»wn  mode 
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Tlio  »ecnud  Inw,  \n  opposition  to  Wntt'i!.  is  Uiat  of  Soatham, 
iitAting  the  Iftlt-nt  bfAt  of  Kti-Ara  to  bt*  tti(>  flAmi-  at  all  tt-inpfriturfft.  U«g^ 
natiU's  reseArches  have  itbowti  that  neither  Wutt'b  law  (.y'ciouBtaut)  nor 
Southern's  law  (/!,  constant)  is  correct. 

Digtillation. — Th«  prof«-8a  of  diatUlation  la  very  ainiple :  its  obj«rt  is  either 
to  eepArate  substanct.-ai  whii'h  ri»<'  in  rapor  At  different  tt'mp**PAtnnw,  or  to 
porta  roUtile  litiniJ  fmm  a  sutifltAnr^  inrApabhr  of  vnlatiliiation.  The 
prouete  applied  to  hotlie»  which  pass  directly  from  th«  solid  to  the 


^J/^ 


ieoxis  condition,  and  the  rcrorfto,  is  called  tubUtHatioii.     Every  dir^tillatory 

larattiH  (.insists  tiss*'ntially  <>f  a  Imilor,  in  whioh  thi'vajwr  is  rai^e'l,  ntid 

A  crjnduinju;r,  in  which  it  rvtnm*  to  th«  liquid  or  i«>Iid  conditioru     In  the 

111  ttmplojed  for  mauufoctnriag  porposva,  the  latt^u"  in  mually  a  spiral 

Fl».  27. 


ital  tobo  immersed  Ui  a  tub  of  water.     Tlie  common  retort  and  receiver 
istitnte  tlic  fiimpleat  arrangemeiut  for  distillalion  on  the  small  scale; 
retort  is  heated  by  a  gas  lamp,  and  the  receiver  iti  kopt  cool,  if  neoea- 
ry,  by  a  wet  cloth,  or  it  may  be  surrounded  witit  ice  (fig.  26). 


W  EI£AT. 

tot7 :  U  coMMft  of  ft  slM*  taW  t^an^  from  a4  lo  «^  faoed  bf  p«r. 
CoralMlniriu  i«tiieMstn>€€  KMeCal  |«p*,  pmraded  vitk  tntw  an  ■mi^nl 

ie»  ut*  kha  tittte  liiHiB,  tk*  vaur  »v  te  fccyi  aft  00,  and  ex- 

nolalita  Iti'atda  oaBAMMod. 

y  Itym. — Ui«ida  ffafaialu  at  Iwpiwaraiaa  hcfev  tfaw  kofl- 

iato;  IB  thia  caaa  t^  mpnnt'tm  Ukaa  jilaee  aWr^  &«m  the  av- 

Water,  or  aleokol,  eijnairi  ia  aa  opem  tteatei  at  the  Unfttmtan  cl 

Uh!  air,  gradnallj  diaafpean;  the  aarv  nfU^,  the  wMimet  aul  ^ricr  tlw 


iti- 


This  fact  wa«  ftiiaaaly  cxpUiaed  hf  avppoaiqg  tkat  air  aaA  gai 
gcseral  had  th«  pcnrcr  of  liiianlTing  and  Iwiffing'  ia  fiotntMO  ovrtaia  91 
tin  <rf  UqnifU,  and  tlkai  thi»  puwer  mcrcaaoi  vitk  lite  tempcnxxm ;  aoch 
aa  id«a  ia  inoDrrect. 

U  a  bamaetcr-tabe  be  carefoll/  SlUd  with  nercary  asid  iiir«rt«d  in  tha 

vnul  »annffr^  aad  thea  a  fnr  dvtpa  of  waiar  iiaaatri  ap  tkc  lnbi*  iaio  tlie 

vamaaa  above,  a  rtry  ranarkable  effect  will  be  oU«a»ed — the  ncrairT 

vill  be  depnaaed  to  a  NuaU  «xWnt,  atid  thia  depreanon  will  incraaae  witb 

iaerpaat  of  tempcratorf .     Nov,  aa  the  ^lace  abore  the  mtrcaxj  is  raid 

0t  air.  and  the  w$a^hl  of  the  few  dropa  of  watcv  qvitr  madrqoate  to  acroaut 

tor  %hiM  depresskn,  it  most  of  aeoeasity  be  impoted  to  tLr  rapcir  vfaii  h  io- 

atantauwoalr  liMs  from  tbe  vater  iato  the  Tacavm :  and  that  ihie  effect  ia 

nsalijr  due  to  the  elastidlj  of  the  aqneooa  ^Mpor,  ia  eaaitv  prorcd  by  ea- 

poting  tlie  barometer  to  s  b«at  of  lOP^,  wfam  thr  drpmaion  ef 

Tig^M.      the  mercarj  will  bt  cacnplt't«,  and  U  will  etjuid  at  the 

.  lerel  within  and  without  thr  taW;  indicating  that  at  that 

H  perature  the  eluticiir  of  (ht<  rapor  is  equal  to  that  of  the  at 

Kphere — a  fa«t  which  the  phtruumcnua  of  ebullition  haa  already 

sht/WD. 

Br  placing  cm  the  baraoieCer  a  wide  ^m9>  tube  dipping  into 
thi?  inercarr  briow  {Hg,  38),  and  tiicn  mling  this  tativ  with 
witrr  at  diffenmt  tenperatares,  the  teniiiuD  of  thf  ujurous  ra- 
por  for  each  d<^gree  of  the  thermocnetcr  mar  l«  aouratflj  de- 
tenuinrd  bjr  tta  depreaaizig  <4'«<ct  upon  thr  lurrcDrial  ivliuun; 
the  BMm<-  power  which  ft>roM  the  latter  dUm  od«>  inch  against 
the  preMure  of  the  atmoepberp*  would  of  eourBe  firvaie  a  ruluoui 
of  nwrcUTT'  to  th'^  same  height  against  a  racaoni,  and  in  thia 
waj  tlie  tension  ma^r  bp  nonTeDicmtl.T  i?xpr«ased.  The  followifig 
table  waa  drawn  up  bjr  Dalton,  to  wfaooi  we  owe  tii^  method  of 
inreatJgation :— 


Teavloa  la 

TeftBloo  la 

Temperatnra 

ln«he«  of 

Tenperatan'. 

fDche«  of 

C 

P. 

mercury  . 

C. 

V 

mereury. 

00 

333 

0.200 

54.40 

13l<3 

4.:m 

4.4 

40 

0.2«? 

60 

140 

5.74 

10 

50 

0.375 

65^ 

150 

7.42 

1S.5 

60 

0.524 

71.1 

160 

9.46 

21.1 

70 

0.721 

76.6 

170 

12.13 

26.6 

80 

1.000 

82.2 

180 

15.15 

32.2 

90 

1.3«0 

»7.7 

im» 

19.00 

37.7 

100 

1.8fiO 

93.3 

200 

23.64 

43.3 

no 

2.530 

100 

212 

30.00 

48^ 

120 

3.330 

Another  table  repreaenting  the  tension  of  the  rapor  of  water, 
drawn  np  hy  Regnault,  ia  glxen  ib  the  Appendix  to  thia  work. 
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nfr«t 


m 


liqaidB  trifwl  in  thi»  mnnur  mm 
of  .prcatf-r  or  I.-"*   t.i»-i..Ti    u.r  fi... 
aooording  to  tli* 

a  litl]«  t^Oier  iiitr-  ,  .'j9 

irj  10  inrht^  nr  tiiorc  *t  ili>-  urtiiuiirv'  Uaiiper*tuf« 
'the  mir;  oil  of  Titriol.  ou  iheUbcr  hAiul,  Ho**  noi  Mail 
B«iuibl«  quantity  of  vajMjr  until  a  (1  nt  li»«l 

i«pp2ied;  antl  that  ^ir^'u  ulf  by  mer>  '  i  ■am 

wcatlit-T,  althou;;ti   it  mav  l*t-  ■i^i^^tn.^j   ii^  »«Ty 
meaiu.  in  fu  too  little  to  iXft^dam  Any  effact  ufMia 
inwter.     in  lli^  cai!>*>  of  walf-r,  thv  «vapr>rslioa  t* 
ite  diatinct  anil  p*Tc**ptilile  at  the  lowmt  t«:in{>rra4vfta 
*n  froaeo  tu  solid  iou  in  th«  banmieler  tal>r  ;  et>ov  nn 
or  <iD   a  bouftetop.  luay  oft^'U   U<  ndirvd  to 
thv  BJUDt!  i^aiw,  liny  by  day  m  iIh'  deijlh  of 
l«B  malting  ts  ixupoMil*!**, 
esiate  for  each  myor  a  iitatr  of  Jrnnity  which  it 

paoe  without  !(«>•■■'  -•-   ■..-.■....- n »   ntui  b»*- 

tng    liquid ;    this  ii'ww 

When  a  Toln:.  ,ti  ruA- 

it  quantity  into  a  racuuu.  lliis  coudUKJU  »  alwaya 

«h««i,  and  then  trAporatlou  cniaes.     Any  attrtupt  t*> 

•lensity  of  this  va(>ar  by  compreaaing  ft  in!**  a        >: 
-  w  ill  t>e  att4!iMl«d  hy  the  liqueiactiou  of  a  |Ktr- 
!.-ity  of  lhf>  remainder  hvinj(  nnchani^.    if  a 
dr  ether  tit!  iutruduixii  into  a  liaramvlcr,  and  tlu*  Uti^rr 
»wly  aunk  into  a  vtrv  li,  .-i,  ■  i^t^-rn  of  nwrcory  (fig*  29), 
fWIII  be  foiUMl  that  t).  '  theoolaniii  of  ui'Toury 

the  tnbe  abor<*  that,  ,  t<;ni  nfniains  nualifr*^ 

Itil  th«'  upper  extitrAtity  u(  ih«  baroiu*.-ter  appruacb*« 
BoKacv'of  ihp  u)t*tAl  in  the  oolnnui,  and  all  thr  pthirr 
hecami'.'  liquid.     It  will  beofaarrreci  alao,  that,  a«  tlic 
the  ainlu,  t  h*  stratam  of  liquid  eth«r  increaaet  in  thii  k- 
but  no  iucr^asc  of  elastic  force  occur*  in  th«  vajMir 
re  it,  and  erm.'«H|aently,  no  incrraa«'  of  density  ;   for 
lion  and  dnnAity  are  alwayii,  DnilfO-  ordinary  circuiu- 
at  least,  diiectly  projKirtifmatt)  U*  each  ottirr. 
Tli«  majiimum  dvuftity  uf  va^MirB  ia  drp«*udent  upon  tha 
Lture;    it  lDcreaflt«  rapidly  aa  the  tcm\wTXiutfi 
rbcB.     This  is  well  shown  in  the  casv  of  watnr.     Thus,  talcing  the 
grav.  of  atmospheric  air  at   1<.K)0^  1000,  that  of  aqueous  vapor 
grealeet  state  of  ootnpreflaion  fdr  th»  tcmperatare  will  be  aa  Colluwa  :- 


ap«. 

In  lU 


Tempera  toK. 

SpeelOc  Q-rartiy. 

Weight  of  100  Cublo 

C.                        P. 

lofbea. 

OO                   320 

5.6t>0 

0.136  graiaa* 

10                     &0 

10,3»3 

0.1*7      " 

lft.5                 60 

14.10l?i 

0.338      •' 

87.7               100 

46.&0(> 

1.113      •• 

99.5                150 

170.293 

4.076      " 

100                  212 

€25.(»UU 

14.»t!3      *' 

T^v-  '-"«  number  waa  experimentally  found  by  Oay-fjiRaap:  the  otbera 

u~,i  from  (hat   hy  tli.'  aid  of  DaUon's  labU  of  t<»n»ioiia,  on  th» 

i!  that  st^ani.  nnl  in  a  state  of  Haturalinn.  that  is  Ulnw  the  point 

lest  dfMMitv.  oljpv*   n<jyU''H  law  (whirh   if,  Imw-r.-r.  i.nly  approxi- 

irne),  and  that  wImu  it  ia  ooulwi  it  ooatracta  Uke  the  pvtiuaneut 
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ThnSt  then  ar»  tvo  dlitisci  Mrtbodi  I7  vlddi  m  rftpor  maj  be  red' 
to  Uif*  Uqnid  fantt — ^m— n,  bjr  f  wiwg  mgrn— t'  of  drusitT  antil  the  poii 
«#wi«^w.w«^Tlriiiifj-farigii[inliMtwiBliiii  li  iiiMiliiwI .  mad  caM,  hf  wbiA 
the  pdtnl  «f  HUMiiro  6ienaktj  i»  ilaetf  l«v«t«d.  Th«  Most  powetftil  eOMli 
u«  prodaeed  Then  botb  an  eoa)olBcd. 

For  vui^lv,  if  100  cuIm  inolkei  of  T&por  of  water  &t  37.70  C.  (lOlp  P.), 
in  the  tUta  Above  deKxibed,  h«d  Hs  tcmpmture  rvduced  to  14P  C.  <50O  F.>, 
Boi  loM  thaa  0.89*  gfsiii  of  liquid  water  would  ihibiwiiitIv  sepanUe,  or  rcv^ 
Heart jr  eigkt'tesitJu  of  the  whole. 

BraporalioD  iDto  s  spaor  AUtd  with  air  or  fM  Mlovs  the  same  law  aa 
erapitrmiioa  inlu  a  Tacuuxn;  a  much  vapor  riaes,  and  the  eoiiiiJtioD  of 
xaaximam  deiuitj  is  aasoiDed  in  th^  same  manlier.  a«  if  the  spaoe  wttm 
perfectly  enptj ;  the  oole  dilTervoce  Urn  in  the  lenglh  of  time  reqoiivd.' 
Whvn  a  UquWi  evaporatea  into  a  Tacoom.  the  point  of  grenldt  dc^fity  is 
alLainwl  at  once,  whilf  in  the  other  case  Bomv  time  eUpM  bifa«  thifl  hap- 
pena ;  th«  particl*js  of  air  appear  to  oppose  a  wrt  of  monbarioal  resistaiio* 
to  tho  riM  of  the  rapor.    The  altima&e  cAet  la,  howaver,  prociaefy  the 

When  to  a  qnantitr  of  perfectlr  drr  fu  confined  In  a  reMel  eloted  \>f 
■eroorT-,  a  little  water  is  added,  the  latter  imm«xiiatelj  begins  to  trTapuralet, 
and  after  aooie  time  aa  mach  rapor  will  be  found  to  hare  riseu  from  it  aa 
if  00  gaa  had  been  preaent,  the  qoaotitjr  depending;  entirdjr  on  the  tt-mpera- 
tarff  to  which  the  whole  a  tiahjected.  The  teniiicHi  of  this  Tapor  will  add 
it6i*lf  to  that  of  the  gas,  and  produoe  an  expauvion  of  toIuom*,  which  will 
be  iniUi-attjd  by  an  alteration  of  level  in  the  mermry. 

Vajvir  or  water  exiata  in  the  atmosphere  at  all  times,  and  in  all  situatioBSy 
and  there  playa  a  moat  important  part  In  the  economy  of  natare.  Tlia 
proportion  of  aqueooa  vapor  present  in  the  air  ii  subject  to  great  variation, 
and  it  often  lte<!nmua  important  to  determine  its  quantity.  This  i^  easily 
done  by  the  aUl  of  the  foregoing^  principles. 

Dtat^foint. — If  the  aqa«>u  vapor  be  in  its  condition  of  greatest  possible 
density  for  the  temiRTatnit',  or,  aa  it  is  frMjnently  but  mottt  incorrtvlly 
expreased,  the  air  hi  Aaturate*!  with  vapor  of  water,  the  Alight«'(«t  reduction 
of  temperature  will  cauae  the  deposition  of  a  portion  in  the  liquid  form. 
If,  on  the  contrary,  aa  is  almost  always  in  reality  the  case,  the  vapor  of 
waUff  be  Movr  its  atale  of  maximum  density,  that  is.  in  an  expanded  con* 
dition*  it  is  clear  that  a  considerable  fall  of  temporalare  may  occur  betee 
liquefaction  r>>nimences.  Tlie  degree  at  wliieh  this  takes  place  is  oallvd 
thi*  dpw-point,  and  it  is  d»'t»'nmn»'d  with  ^rvat  farility  by  a  very  simjdo 
mt*thod.  A  little  cup  of  thin  tin-plat«»  or  silver,  wr II  poliflh*^!,  is  filled  with 
water  of  the  temperature  of  the  air,  and  a  delicate  tlicrtunmetpr  is  Insr-rted. 
Thrt  water  is  thon  cniilcd  by  dropping;  in  fracnu-nts  of  ice,  or  dissolving  in 
it  powdered  sat-ammnmac,  until  moisture  begins  to  make  its  apfH>Aranr** 
on  the  outside,  dimming  the  bripht  metallic  surface.  The  tempcratore  of 
the  dew-point  is  then  read  off  upon  the  thermometer,  and  compared  with 
that  of  the  air. 

Suppose,  by  way  of  example,  thai  the  latter  were  21  .l©  C.  (70©  P.),  »»* 
the  dew-point  lOO  r.  (5(P  F.).  the  elasticity  of  the  wat*^ry  vnpnr  prp«<?nl 
would  (Kirrespond  to  a  nuiximnm  densitv  pmp*»r  to  li>o  r.  (50O  F.)t  tnd 
would  support  a  column  of  mfrcnry  O.'^TS  inch  high.  If  the  bnnnneter 
on  the  spot  stood  at  3(>  inch*^,  thprr-Vore.  29.625  inches  would  l»e  support^ 
hj  the  pressure  of  the  dry  air.  and  the  remaining  0.375  inch  by  the  vapor. 
Nfrtv,  a  mbic  foot  of  auch  a  mixture  must  be  looked  upon  as  made  up  of  a 
cubic  foot  of  dry  air,  and  a  cubic  foot  of  watery  vapor,  occupying  the  same 

*  100  cnb.  Id**}),  squeoiiR  rapor  at  lOO^  F..  wetchlnr  1  1 13  fraln,  would  at  60^  F. 
become  reduced  to  Ol  m  cub-  loch.,  wcghl  og  0.326  gram. 


1 
I 

I 
I 
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vp^tv,  ami  liaYldgsmpitnillojit«^  by  ih«>  namlMn  Joit  lacntioiwrl.  A 
f"ot,  or  1729  cable  lnobt*».  uf  va}Kir  »l  70^  K.  would  bt^ximc  rr«luccxi 
.lUjifUun,  aMx>rdiu^  to  tUi-  usuol  law.  tu  XtiO'^.h  ckiWh:  'uich*-»  ut  4%tKJ  t*.; 
liii>  vapTir  would  hv  At  it?  luAxiiuuiu  ilrUtiily.  tiAviu^'  IIh*  Pp<Tirir  ^Tuvity 
pointed  uiil  in  tkf  tat>lf  ,  In-tirf,  ItU/^.n  niliir-  iiiili«<>i  woitl-)  wcij^li  4.11 
praina.  Th-  ■^^'■■'■'  ■■'  '»■■■  ■'■■■■-..nj,  vajMtr  n>i)t.iiii<-<l  in  «  initio  f»«>t  t»f  ait 
will  thus  I-  -■  LtuuniTV  the  iliUt-rt-uco  U-twtvti  iK"  i4-ni- 

iKralurw  ot  \wji«>iiit  tUflilom  r*'ftch*'n   Ifi.tJQ  (*.  (;i*iCi  p.j; 

out  m  lh«-  1 '■  i:.  'iilii  ft  IrujptTttlitni  of  ^'2.'^  r.  ('.HC  i.'j_  thr  drw- 
prhnl  Kiuk^  -t-  I  .I  1-  — 1.7^  C.  (2yO  K.;,  mokinj;  the  Uvgrn-s  uf  ilrvu*i»d 
3.1.;K>C.  (til^K.).* 

IJifH^fufiimt  of  dasf*. — T\w  pwfiKi  rMrinMiinoe>  JB  errrr  rwpect  which 
r  li  to  pennaiiMiit    jiasi-a,  IimI.  ••  "       '      '.•  idi^a  tlutt  tli« 

I  ^  l>r  tbi*  B|t|jti(.'atitiii  nf  tiii.i  (n  a^niiirtc*  tli*3 

I  .and  this  Huruiisf  Jnw  U .     >.  ^.    .;  extent  hy  ihu 

-  of  Faradny.     Out  uf   the   mnnll    iiuiii1m.t  uf  siiidi   »ii)iiitAniN« 
ti     .  ^rr  than  f*ij*ht  grAVf  way  ;  and  it  in  i|Uit«  fair  Ui  infi'r  that,  liail 

tni-«iu(  of  »ul11ci«nt  power  Imwu  »t  haiid,  the  rvnl  wuuhl  liavn  shrtriMl  tho 
Mino  fjit«>,  aud  prtH'rMl  to  U<  iHithiiif:  mnn*  thnn  tho  vii|Mira  of  vtdntilu 
liquids  in  m  %XA%e.  vfry  fur  rt'mo\^r>d  fri^u  that  of  thrir  luaximuiii  drimity. 
Tht*  fubjobiHil  tahl«  rnpri'sentM  lU**  rt^KrittM  of  KHra<lay'H  llntt  iiiv»*jiii);HticmH, 
with  thf  prttAon*  in  attuoephenM,  and  th«  truipcraiurw  at  which  tho  ixm- 
densatirm  lAkea  place. 


Sulphur  dioxldA 

Kydnigi.'ri  i^ulpUid** 
CarUiu  dioxide 
Clilurin.* 

It!itr<if>f  r)  tnuDOxidv  . 


Atmoapberea. 

T<>m]>CTaturo«, 

.       2 

7.35          4.10 

.     17 

]U                &o 

.     3(t 

0                32 

.      4 

Ift.ft             tJO 

.     5U 

7.3            4S 

3.C 

7.2            45 

.       6.5 

10                BO 

.     40 

10                61} 

H  iiioric  acid    .         . 

Tfa«  tn(?thod  of  prai}(*eding  wm  rery  Bimpli*:  thu  niati<ri»]i  wrn  tpnl^Nl 
In  a  btrxing  uorrow  tuU*,  toj;i<tbf>r  with  a  little  pr«miurv-gaugc,  oounibt- 
rrf  a  slnndrr  tnln*  rlnNiMi  nt  one 

,  and    luiving  within    it,    iu*ar  Wl$.9lK 

o]»fn  extremity,  a  Kluliiih*  uf 
'rcnry.      The  goii    ln-in;;    di-M-u- 
ikI  liy  brat.  acvuiDulatiNl  in  tho 
ik*",    and    by    tta  own    prf^»uro 
»u^bt  alMHit  cnndvnsation.     Tht) 
r^iuirwd  for  thin  purpose  wan 
Ige-d  of  by  the  diminntiun  of  rolnm^  of  the  air  In  tbn  fianire. 
By  the  ua«  of  narrow  grevn  a\ii»v.  tuU's  of  (jrrat  fttn'ncih,  iK>w#»rftil  mn- 
lint;  nyringf*.  nnd   nn  »'i£tr«-nu'ly  Imw  t."m(»!rator*».  pn«lnct'd  by  incani* 
b*-  prt^f-ntly  dfenrilH-'d.  dlcflant  piw,  bydriiidio  and   by.lr.diromic  ai'idH, 

!-'■' •'"'I  hydnipfn,  and  Hm'  ga*.-.--  <i,.,_  i        /  iiiij<^>n  and  Imron 

-iv'cly  liqucfltMi.     Oxy^^^n,  h  n,  nitrnp-n  dinxid*, 

•xtdf,  and  mftmh  pas,  r'li  ,  .«rrn  at  —  lI»>OC. 

ititjO  K.),wbi1**Hubj«>otr<l  topn*sRnr«i  varyinnfmm  'J7tort8atmoBphprp», 
Hir  Itambard   Brunei,  and,  mon*  riT<'ntly,  M.  TTdlnrbT.  of  PaHs,  nufr- 
c^^lM  in  obtaining  liquid  c-Arlmn  dioxid".*  C<*oiwrocmIy  cnlbMl  rarlwrnic  arid) 
in  jrrcat  abuudante.     Thilnrior'a  apparatnii  (fifr*  31)  coni)tstii  of  a  pair  of 


li 


•  DmaS0H,  Tatroauetlon  toOhemicAt  PbtlAonphy  p,  IftL 
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extrsmd/  vtrong  metallic  Tns^U,  one  of  which  is  dcctm«d  to  i^tre 
parpoMof  ft  r^iOVX,  and  the  other  that  of  a  receiver.  Thejr  ar« 
either  of  thick  cajtl-irvn  or  i;tiM-ui<*tAl,  or,  etiU  better,  uf  the  tie»t  aud 
heaTi««t  Inilt^r-platr,  and  arc  fumisbtvl  with  stop-<Yickit  i^f  a  pecaliar  kind, 
the  workmanship  of  which  miut  be  excellent.  The  genentiug  rt«8«l  or 
retort  hu  a  pair  of  trunnion*  upon  which  it  swings  in  an  iron  frame. 
The  jointa  are  »emrcd  by  i-oUar^  of  leojl.  and  pv**rr  precaution  is  taken  to 
prevent  leakage  under  the  enormoag  pre^^ure  the  vessel  baa  to  bear.  The 
recfiver  re«««nbleii  the  retort  in  evcrr  respect ;  it  faaa  a  similar  stop-cock, 
and  is  connected  with  the  retort  br  a  strong  copper  tobe  and  a  pair  of 
uuiun  Borew-joints  ;  a  tulie  pat^ses  from  the  stop-oock  downwards, 
minate*  near  the  bottom  <^  the  eessd. 


Thp  operAtion  w  thnq  nnndncted  :  2J  lb.  of  acid  sodium  carljonatc,  and 
6*  Ih.  of  water  al  ;t?>^  C  (l<H.i.4  F.).  »'**  iutrodpoed  into  the  generator  ;  oil 
of  ritriol  to  tbe  amount  of  1^  lb.  lit  poured  into  a  copper  cTlindrical  veesel, 
which  i«  lowertnl  down  into  tlte  mixture,  and  set  upright ;  tbo  f)t<ip-cock  in 
then  screwed  into  iu  place*  and  forced  home  bv  a  spanner  and  mullet. 
Tbe  niAiibine  is  next  tilted  up  on  its  trunnious,  that  tbe  acid  may  run  out 
of  the  cylinder  nnd  mix  with  the  otber  i-onlenus  of  the  generator  ;  and  this 
mixture  in  favnrnl  by  nwinsring  the  nlmle  baekwartU  and  forwanle  for  a 
few  utinuti's,  after  which  it  may  Ik*  aufTer'-«l  to  remain  a  little  lime  at  rest. 

The  r»K:eiver,  surrounded  with  ice,  itt  next  connccto^i  with  the  generator, 
and  both  oocks  are  npene«l  ;  the  liquelie*!  cnrbon  dioxide  distils  ortu-  into 
tbe  colder  vessel,  and  there  again  in  part  iwiidensea.  The  cocks  are  now 
ctosnl.  the  vessel  is  disuoiiuected,  the  cock  of  the  generator  opened  to  allow 
the  Lxiutain^'d  gas  to  escape ;  and,  lastly,  when  tlie  insue  nf  gas  Ao«  ifuitu 
eeuMti.  the  ctojK'ock  itself  is  unscreweil,  and  the  sodium  sulphate  lurne*! 
out.     This  opi^ration  must  l»e  repeated  five  or  six  times  before  any  con- 
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Hridamble  qnautit^  of  liqaefled  carbon  dioxide  will  har*  fteousnlaud 
■th*  McleiTitr.     WbcD  tlio  rrcidror  tJuia  (■Uar|;»d  Uu  iU  vtopcijck  opri 
IttUvMB  of  th«*  liquitl  in  rordbly  driv<?n  up  tlu*  tulw  bjr  tlie  cJa«lictt^  uf 
f  gat  oontAirnvj  111  the*  upp>*r  piuf  of  tlic  vi.-»«fl. 

I      Tti«  «xperiuiirut*rr  iU4.<un>  gr^^kt  pt-rboujii  djui^^fr  iu  iwiiig  Uiiw  «p|inrni| 
'   or1>«s  ikit!  ntuKNtt  cATVf  W  takeu  in  iu  uuinAt!''<ii^iil.     A  dreadful  ju.'vi<i 
wcnrrr*!  in  Pari»  hy  thr-  Imrstiug  uf  oui:*  of  tbr  irf.>ii  vcwM'Ih. 

Li<)Uid  cArbon  dioxide  U  &1jo  vtT>'  f>e<jU(^utl^*  lirt'pored  by  luMAiis  ot 
apparktud  ot)n«trijct«tl   by  NatUTer,  of  Vi'^uuJi,  Hliiili   •■uAbbv  lb**  **x\ 
Ui»-ntAliHl   til  wurk  witb  Ittu  rirk.     Tbe  (^aM,  diAt-ii^'a^4Ml  by  itu-ana  uf 
pliaric  acid  frum  acid  pc>Uu>5iuiu  r,'iri-iMi!.<   i-  i.iit,h,...i  i.v  ix..  .n-  ..(  a  fy| 
pauip  into  a  wma^ht-iron  v<*8t(rl.  .nitt 

rtcw-irer  of  an  air-gun.     Whennr';  .   lUv 

b  li^iit^ttM,  aud  if  tU*f  ]n>!fi?tur<<  )m*  c*>itliiiii>.<d  ixMt(tt<iirt>ltlf  •^tiuntitit^  of  ih* 
Uqoid  cjkTlxm  dioxide  may  Im  thuff  obuino*!.  By  tbin  aj>]>aratUK.  nitruua 
(ndde  bM  bean  oondensed  to  a  liquid  without  tbi;  wn'  of  frl^nriUc  uixtui 

Cntmpt^r  Vapftnzntion  nf  l.if^nid$  umfrr  Grrat  Prrtntr^*. — Whrn  the  t4 
poratar?  of  a  li<|uld  ia  r.iist-*!  sufficiently  bigh,  raporizatidn  otvurs  under 
lh*f  bight-at  jiff^ure  towliithtbu  6ul«taiic<^  r-an  Im;  Bubj(M:tol.  Alcohol, 
elbrr,  or  rock  oil,  itiidi>ii<*(i  in  a  tubfi>  of  strouf;  ^\tt^»  or  iron»  i»  couipleifty 
ronv«rr(A<«l  into  rapor,  only  when  the  B|iaoH  n»t  oocuplod  by  the  lii|uid  ia 
■nmvTbat  ^ral«*r  than  th**  Toluma  of  the  liquid  itself.  With  roik  oil  the 
empty  ap.-w*t  may  \>v  sotut'wbat  iniQ.iller  tlian  with  aJt^^bol,  and  with  ether 
atill  !4«9.  Aliiihol  wbnn  thus  h>*.At>-<1  Ju;»iitin*H  inrrMM«d  mobility,  expands 
lo  twlc«  ltd  original  volume,  nn'l  in  thfti  t<ii<Idenly  oonr«rted  into  vajKir. 
Thi*  change  take«  plar*  at  2i>70  C-  (4*k4.UCi  p.j,  when  (he  alcohol  otxrupiea 
Juki  half  the  rohinm  of  the  tnlMi ;  if  the  tube  is  more  than  lialf  filb**!  witli 
almhol,  it  burets  when  heaKnl.  A  ^Xhbs  tnl>e  one-lhird  filletl  with  watur 
becomes  opaque  when  heated,  and  buntti  alltT  a  few  seconds.  If  this 
ch«tuiical  arti/in  of  the  walfr  on  th««  glaiut  ho  diminished  by  th<T  aiblilion  of 
a  Utile  carbonate  of  iioda,  the  transparency  of  th«  glass  will  be  uiach  leas 
impaired  ;  and  if  the  Hpiice  ucca])ie<l  by  the  wat*>r  be  ^  of  the  wboU*  tube, 
the  liquid  will  be  couvert^Tl  int4)  rajwr  at  about  the  t<>niperatiire  of  melt- 
iot;  f.im-,     Theaie  obHervationa  were  made  by  Cagniard  d**  I^itour  in  1822. 

In  like  manner  Dr.  Andrews  has  olMerred  that,  when  liquid  earbon 
'/dloxi  le  is  gradually  heate^l  in  a  sealed  tuW  to  3P,  the  surface  of  demar- 
'lAtliMi  Uftw»*en  thf  liquid  and  gas  bnoooiea  faint'T,  lo»it(  its  curvaturf,  and 
at  laMt  diHa])peani.  The  epai***  la  then  occupied  by  a  hoino||;enoaus  fluid, 
which  oxbibitA,  when  the  privsur«  is  suddenly  dimiuijiheol,  or  the  tt'm- 
pvmtnrL*  Hiitfhtly  loweml,  a  |M>culiar  apjM>arant-e  of  moving  or  flickering 
fliriie  throu^biiat  Us  entire  masK.  At  tempfratures  almvp  Hl'^  nn  apparent 
liqa»'fn*-1inn  of  (.•Artjon  iliuxirle  or  ttfparatitin  into  two  diMinrt  fornm  of 
matter  can  he  eiTe<'te«l,  ercn  undor  a  prcnnnre  of  300  or  4(K>  atiuu^pberes. 
Similar  results  are  obtainetl  with  nitrous  oxide. 

It  a]q>eAr«  indiH^I  that  there  existsi  for  erery  liqnid  a  temperature,  called 
Andrews  the  "rriliral  fKiint,"  al>ove  which  no  amount  of  pn-ssure  ia 
icbrnt  to  rctntn  it  in  the  liquid  form  ;  it  is  thfref^ro  not  aurprbiing  that 
re  pnrHxnre.  however  intense,  should  fail  to  liquefy  many  bodies  which 
lallv  exi«t  in  the  form  of  nas. 

I'ud'er  the  enorraoiin  pn-^suri'S  to  which  gas*«  can  be  thus  subjwtM, 
hont  liquefaction,  they  fire  found  to  deviate  greatly  from  the  laws  of 
■|e  and  Ot^v.l,^s^:l.•  (pp.  4r»,  48).     AndrewH   has  recently  found  thai 

•bon  dioxidr*.  at  t;H.70  undi-r  a  pressure  of  223  aliu<*pher.M,  ih  rHuc^^ 
,U  of  its  original  volum*-.  or  to  b*a  than  oui--half  the  volnm*'  it  should 
occupy  if  it  wntracl.-d  according  to  Boyle's  law.    The  t-o-elB.-iciil  of  rxpun- 
tlon  of  th«  nam.,  gas  by  h.-at  tnorcWM  rapidly  with  tho  preftsure ;  \wlwwju 
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ip  and  S¥>  it  is  1|  times  as  great  onder  22  atmaepherea^  and  more  than  2| 
time*  as  great  at  40  atmospheres,  as  at  the  preuurv  of  X  atmosphere.* 

Coid  prodmr*d  by  Eraponuiom, — This  effect  has  been  alreadj  adrertcd  to: 
it  ariikM  from  the  conrerbion  of  svosible  heat  into  latent  bj  tLe  rising  rapor, 
and  may  be  illiutrated  in  a  rarietr  of  wajrs.  Kthta-  dropped  on  the  hand 
produces  the  sensation  of  great  cold ;  and  water  oontatxwd  in  a  thin  glau 
tube,  sdrronnded  bjr  a  bit  of  rag,  is  speedily  frosen  when  the  rag  is  kepi 
wett4:d  with  ether. 

Ice-making  machines  and  refrigerators  are  constructed  on  tbis  principle. 
Uarriiwn's  apparatus  for  freezing  water  consisu  of  a  mnltitabtdar  boiler 
containing  about  10  gallons  <^  ether  and  immensed  in  a  trough  of  salt  water. 
The  boiler  is  connected  with  an  exhausting  pump,  br  the  working  of  which 
the  ether  is  rapidlr  rolatilized,  thereby  cooling  the  boiler  and  the  salt 
water  surrounding  it  to  about  — L45^C.'(tMO  K.).  This  cold  water  is  made 
to  flow  through  a  channel  in  which  are  placed  a  number  <^  Tessels  ocmtain- 
ing  the  wat^r  to  be  frozen,  and  when  its  teniperature  has  been  thos  raised 
to  about  2e^  F.,  it  is  pumped  back  again  into  the  trough  containing  tha 
Imler,  and  then  again  cooled  hj  the  eraporation  of  the  ethw.  In  this  man- 
ner a  constant  supply  of  cold  salt  wat«>r  is  kept  np.     The  ether  which  ia 

evaporated  is  condensed  in  a  worm  atur- 
rounded  by  cold  water,  and  returned  with 
very  little  loss  to  the  boiler.f 

A  itimpler  freezing  apparatus  is  that  of 
Carr6,  in  which  cohl  is  produced  by  the 
rapid  eraporation  of  liquefied  ammonia 
gas.  It  consists  essentially  of  a  cylin- 
drical boiler  a,  fig.  32,  holding  about 
two  gallons,  filled  to  about  three-foortha 
of  its  capacity  with  a  strong  aqueous  so- 
lution of  ammonia,  and  connected  by 
pipes  with  a  wrought-imn  annular  con- 
deni*er  or  freezer  e.  The  boiler  is  first 
placed  in,  a  fumac«>,  and  the  freezer  in 
water  cooled  to  120  C.  (53.60  F.).  The 
boiler  is  healed  to  130O  C.  (2660  F.), 
whereupon  ammonia  gas  is  giren  off, 
and  tv>ndenses  in  the  freezer,  tc^nther 
with  abr>ut  one-tenth  of  its  own  weight 
of  water.  This  operation  being  com- 
pleted, the  boiler  is  removed  from  the 
fire  and  immersed  in  cold  water :  the  frwz«»r,  wrapped  in  very  dry  flannel, 
is  placed  outsi<le,  and  the  vessel  containing  the  water  to  be  frozen  is  placed 
in  tliH  rvlimlrical  spaor  h.  As  the  Iwiler  cools,  the  ammonia  gas  with  which 
it  is  fillwi  is  rcdirtsolvwl,  and  the  pr*«sure  l>eing  thus  diminished,  the  am- 
monia which  has  Iwen  liqaefi*^  in  r  is  again  volatilize<i,  and  passes  over 
towards  a,  to  redLssolve  in  the  wattr  which  has  remained  in  the  boiler. 
This  rapid  evaporation  of  the  ammonia  causes  a  great  absorption  of  heat, 
wherehv  the  vfssrl  r  is  ri'duc»'d  to  a  v^'ry  low  temp«Tatun.'.  and  the  water 
crmtain"*Hl  in  it  frozen.  To  obtain  >>ett#'r  contact  U-twHi-n  the  sides  of  the 
vtwscl  h  and  the  frf**z«*r.  alcohol  is  ponred  N-tween  th**m.  This  apparatus 
gives  altoiit  4  lb.  of  i(v  in  an  liour  at  a  price  of  al»out  a  farthing  a  pound; 
but  larg*-  continuourtl.v  working  apparatus  have  Ite^-n  constructed  which 
product?  as  much  as  B(>fl  '.1).  of  \cv  an  hoiir.t 

•  Jouranl  of  the  Chemlenl  Socletjr,  1876,  vol.  H.  p.  !««. 

t  A  flicure  of  this  appffcrstut  !•  giren  In  the  Ptanrmveeutleal  Journftl,  vol.  arl. 
p.  AV. 
X  See  Rlch!«n1»on  dml  Wnttu'd  <'hi'mlc«l  Tirhnoloffy,  p«rt  t.  p.  298. 
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■batnlr  rMluced  to  U 
Thf)  i^w  apparstas 

auiuut  tM>ar  Lratizi^  witlbovft 

wittl,  Kud  Ui«  flaluunoe  lo  he 
pl&ONl  orer  A  r«»el  eoa 
othf*r  «uh«iAno«  irhEch 
with  »  \y^\\  jar.    Sack  as 
cmtlfi  an  riii'iiiih*- 

All  mMUM  of  _ 
(Irri  t-cvl  from  the  •ni^anyaB  «f  tfca  By 
When  a  jvi  uf 

aperture,  to  iat— au  a  iliyiw  rf  mM  k 
part^  lUat  U10  rcMaiada*  fraaa 
Bjr  saftBrins  this  jA«riii|«li  I*  I 
lartr**  •!  uintitr  of  tiM  ailU  asUe  I 
ill  '%  aftd  vImb  baU  •■ 

c«'«  ^  |:n«l«allr 

lAil  pwuxol  apoo  a  wmm  «f 
and  In  tliia  wv  p«u»^  ^  >^ 
fliUoa  of  the 

Tha  IwMpwalnrarf  a 
*ir.  amMKal  l«r  a 
F.> :  when  Ika  an 


Uiidc  and  oQ^. 


kavvB 

■t  rhii  tlnii  nTlhii  up  r^i      TWgft^aa 

at  <kr  aik-^M^  a*  te 
tl  !■  niBd  Tilh  ^  air.  the 
■^ili  vcigjbl 
ppralan  bimA 


ftS 


HEAT. 


should  he  plnoiHl  in  the  iiisidt-  vf  tlio  globe,  secured  to  the  cap.  The 
uiusl  hv  jjeiicrated  at  the  tuuuieiit,  and  ouutlucU-d  at  oiicv  iuto  the 
vioiuil/  exhausted  vuduel,  liirough  a  Lung  tube  filled  with  frfigui**!)!}*  of 
puuuc'^  muiiftvned  with  oil  of  vitriol,  or  &4jiul^  ullmr  extreiui'ly  hygnw^xipic 
sulititauce,  by  which  it  U  frired  Inuu  nil  luoiatun*.  Aa  tht*  ^ii^  ia  titx^'eA' 
sarily  ;;t.'tK'ratwl  under  huiui.*  presauiv,  Iho  ulaaticity  of  that  lymUiinetl  in 
thi^  lillvil  kIuUu  will  slightly  uJceveU  thu  prmHure  of  the  aLiuuctphere  ;  Mid 
this  is  an  atlvantngu,  Hiiicc,  by  opfutng  the  fttup4X>uk  fur  a  ainglu  instAUt, 
when  thu  glubti  has  uttaintnl  au  oq^ullibrium  uf  teuiperaturu,  the  tonsiou 
bccumee  exactly  that  t>f  the  air,  so  that  all  barouietrical  correction  ia 
avoided,  unlc^  the  pressure  of  the  atniwphero  bhuuld  8un»ibly  vary  dur- 
ing the  time  ocoupicd  by  tin;  experiiiMnit.  It  is  hardly  necessary  to  ob- 
serve that  the  gr«ateftt  care  muHt  alsu  im  taken  to  purify  oud  dry  the  air 
um^  a«  the  standard  of  cy>mpariMon,  and  to  bring  Intth  gaa  and  air  as  nearly 
&s  poeaibl*)  to  the  t*ame  leinpfrnture.  wi  as  b"  obviate  the  neo^-ssity  of  a 
correction,  or  at  loa^t  to  reduce  aluiottt  to  nothing  the  errors  involved  by 
such  a  process. 

Vapobs.— 1.  Dnmas's  Metloff.     Tliis  method  consist-s  in  determining  fh* 
weight  uf  a  given  volume  of  the  vapi^r  at  a  kuowo  presfturo  and  tPfup«.-ra< 
ture.     A  large  glasti  glob**  about  three  inches  in  diainet«>r 
Fig.  M.  jj^   taken,  and  its  n«tck  soften.sl   and  drawn   out  in  tbo 

bluupipM  tlame,  u^^  represented  in  ()g.  34  ;  thiH  i»  accu- 
rately weighed.  AU)ut  UH>  graiua  of  the  volatile  liijuid 
ani  then  intrmlucod,  by  gently  wanning  iho  globe  and 
dipping  thu  point  into  the  liquid^  whieli  is  then  fonH*d 
upwards  hy  the  pressure  of  the  air  as  the  viRiset  cools. 
The  globe  \s  next  flnuly  attached  by  wire  to  a  handle,  in 
8ueh  a  ruauner  that  it  luay  t>e  plunged  into  a  bath  of 
boiling  water  or  heaUsl  oil,  and  Hteadily  held  with  tho 
point  projecting  upwards.  The  bath  niutit  have  a  t^m- 
perature  ooiisidernbly  above  that  of  the  bulling  p<^pint  of 
the  liquid.  The  latter  becomes  rapidly  oonvert4<«l  into 
vapor,  which  eiicA(><4*  by  the  narrow  oriflee,  cliasiug  bi-fore 
it  the  air  of  the  glot)e.  When  thu  issue  of  vajtor  haa 
wholly  oeatuxl,  and  the  temperature  of  the  bath  appeara 
nearly  uniform,  the  ojk'U  extremity  <>f  the  ixilnt  is  her- 
metically liealed  by  a  small  bhnrpipe  flame.  The  globe 
ia  rumored  from  the  Itath,  tiulTertwl  to  wwU,  clennHed  if  noowsary,  and 
weighed,  afUir  whieb  the  nivk  is  brokeu  olT  beneath  the  surfaee  of  water 
which  has  bwn  boile<l  and  cooled  out  of  eontael  of  air,  or  (better)  under 
mercury.  The  liquid  enters  the  globe,  and,  if  Iho  expubion  uf  the  air  by 
tho  vapor  has  beeen  complete,  fills  it ;  if  otherwise,  an  air-biibble  IR  b'ft, 
whude  volume  can  be  easily  ascertained  by  jKturing  Iho  liquid  from  tlie 
glolx'  int^j  a  graduat«Ml  jar.  and  thiMi  rcniliiig  the  glulw*,  and  r^'iHatiug  the 
same  oliflervation.  Tho  cnpncity  of  the  vessel  is  thus  nt  the  same  time 
known  ;  and  these  are  alt  tlie  data  required.*  An  oxumplo  will  reader 
the  whole  intelligible. 


>   Meiar*.  PlK]rr«lr  And  WAnVIrn   hAV«  dcacrlhrd  An  Impoiianl  mrKllflffatlon  of 
!•  nrocen*,  whrrchy  Iht  clcn«ltic«  of 
point  or  rhi«  ll<iuii|   mny  ^e  determtneO.    Thlfl  ohjeor  In  nifatnetl  by  mlxlni;  the 


VApor  of  the  hodv  with  a  me^tnireil  volume  nf  a  jvertnancot  gA: 
■  Lanee.— Juura.  <^/Uu  Clum,  Hoc.  vol.  xv.  p,  143. 


f  A  vannr  At  rcmpcrAturcB  below  Iho  botliuif 
hydrogen, for  ln> 
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CB 


Dttermintaiom  c^  lAt  %^uyor'd£iuit^  of  Action*, 


C'ApAritjr  iif  glutxs    .... 
Weight  o(  gl»»be  flllod  with  dry  air  ftt 

filP  K.  auil  3(1.^  iuchfB  l>Ari>Ui»U*r 
Weight  iii  gkrbv  111U<«1  with  vapur  Kt 

2120  F.,    (emp.  of  the  Imii  at   the 

moment  of  scaling  ihit  ptuut,  aud. 

'Mi.''JA  ijjchub  Ijoruiueivr         .  . 

KL'^iaunl   »ir.   «t    450  F.   uid   a0.:24 

iuchisi  hATDiuetur 


31.«1  oaUc  liicb««. 


2l>7t».»8  gr&ina. 


2076.S1  ^aitis. 


0.(»)  cubic  iuch« 


Lf>l  cobic  inches  of  air  at  520  Aiui  30.24  in.  Imr.  s32.3C  cnb.  fnrhra  at 
fiif^  K.  auii  .Vo  inrh.  liar.,  Wf^i^'hiiij;  ....  Ih,035  graiiu. 
kiicc.  weight  of  ompty  plub**.  :i07<'.l*8  —  10.035  ^  20tiO.J»4.'i  grnius. 


O.S  roHc  inch  of  nir  at  4jO«=  O.ei  oub.  inch  at  2120;  weight  of  Jo.  l»y  cal- 
culation ^  0.1:^1  ^raiu. 
ai.iil — O.H  =  :w.Hl  c-uhio  inches  of  vapor  al  3120  and  30.04  in.  bar.. 

vUicb,  on  the  Mtifrpatitiun  ihtit  it  mmiU  bear  cooimff  to  60O  tfitkimt  iirpirjhriitm, 

wouM,  at  that  tfiiipi-ratiire.  ami  undur  a  prettlins  of  30  inch,  luir.,  Im*- 
come  reducvti  lo  2i4.1B  cubic  iuchus. 


2076.810  grains. 
0.11*1        '* 


Weight  of  plnVie  and  vapor 
**  rtsidual  air 


Weight  of  globo 


Weight  of  the  24.18  tniblo  inofaea  of  vapor  .  15.774       " 

iLSoiiui-allj,  100  cubic  iuchca   of  •neh   rapor   muftt 

wrtgh Ofi.2.T       *» 

cubic  inchea  nf  air»  awlvr  fttmilar  cinnmiaUneec, 

w.'ifih 31.01       " 

\  23 

'-  -  ^2.103,  the  spedila  gravit^r  of  thu  Ta|Mir  in  question,  that  of  aii 

lifinR  unitj. 
Or,  th«i  W(.-ight  nf  100  cnbi<j  inchoa  of  brdrogi*a  boing  2.147  grains. 

'T  ^  30.38  ia  tho  speolfio  gravit/  of  arvUmu  vapor  ref*irred  to  h,vdrog«n 

aa  unity. 
TliM  va|Hjr^pn8it>'  (H)  may  aliui  Iw  r**&dily  calculatiKl  by  mcaiu  of  tho 
in  la : — 


I)  ^ 


P4-V-. 


(V— ..)»', 

rnadifftTonwof  wnight  (in  ff'aro")  betire«n  the  glolw  flllod  with  air 
anil  wbt-n  liUwl  witli  rapor, 

V  ^  oapAcity  of  glob**  in  cublti  t'onliin«tn«. 

K,  =  wiMKht  <tf  one  cubic  cpntiinctro  of  air  at  the  tcmpcrflture  at  which 
li-  glolK*  (lib'<l  with  nir  waa  wolj;he«l. 

wuight  of  ono  cubic  centimetre  of  air  at  tho  totuporaturo  of  Hoaling 
It}  irbiliH. 

Tlio  ralurti  of  n^  and  n\  (in  gramff)  for  each  dvgreo  centigrade  from  0  to 
IP  are  givon  In  the  Appendix,  Table  VII. 
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In  rerj  exKOi  expftrimi>nU,  Awonnt  mnst  be  taken  of  the  chanice 
capacity  of  tho  glahtt  glolM*  hv  th^  hi(jh  U-mpcrnturo  of  tin;  lath;  Wbt 
this  correction  ii*  nc^rltrU-d,  the  fl«:*ii»it>-  of  tin?  va|K»r  will  ivme  out  a  littlo 
too  high.  The  nrror  ()I  Ihf  niirturial  thermomoter  at  high  titiiiM*rAturMi 
is,  howt-'ver,  iu  the  opp<>«it»*  direiliuii. 

The  pre»}eHiiip  iiu'tlnM  is  applii^ahh'  to  the  fleterminntinn  of  the  vapor- 
densiiieii  of  all  suttftaiu't'^  whi.»se  tK>iling  points  are  within  the  range  nf  the 
mercurial  thenuometer,  that  is  to  Bay,  not  exceeding  30(P0.,  and  there- 
fore to  nearly  all  Toiatile  urganit?  conijioundH  ;  indeed,  then?  are  but  few 
Biiuh  compoundt)  which  can  bear  higher  temperatures  without  deeomponi- 
tiou.  But  for  mineral  suUttauees,  auch  as  uulphur,  iodine,  volatile  metallic 
ohiorideii,  etc.,  it  is  oflon  new'saary  to  tiuiploy  much  Iiighcr  teniix'ratnrfj! ; 
and  for  such  easea  a  iuo<lili(;ati"n  of  the  pruceas  has  Iwen  deviseil  hy  Dovillo 
and  Trfwml.  It  i-onsista  in  using  a  gl(>t>eof  porcrlain  instead  of  glass,  h«^t- 
ing  it  in  the  vnjxir  of  a  substanctt  whtse  Ixiiling  ]Mnnt  is  known  and  con> 
ittant,  au<l  sealing  the  globe  by  the  flame  of  the  ojcy-hydrogi-n  blowpipe. 
ThH  c-apora  employed  for  thin  purp(«e  are  those  of  mercury,  which  boiln  nt 
350O  C. ;  uf  sulphur,  which  UiiU  at4-H>0;  of  cadmHini,  boiling  at  8(>(K> ; 
and  of  zinc,  iKiiliiig  at  lll4<lO.  The  tise  of  these  liquids  of  constant  Ixuling 
point  obviates  the  n^'ci^saity  of  dctenntiiing  the  temjicratnre  in  each  ox- 
perimeut,  which  at  such  degreea  of  heat  would  be  very  tUfflcutt. 

2.  Ga^-LitJt»t^'/i  MrthwL — This  lueLhcwl  oongigt^  in  asoertaining  the  volnme 
o<:cupie4l  by  a  given  weight  tif  a  substance  when  eonverle<l  into  vaiM)r  at  a 
known  ttinijwratnre  and  pri'st^ure.  Fur  this  purpoiie  a  i>ma)l  bulb  <if  very 
thin  glasa  with  a  capillary  neck  is  weighed,  tilled  with  the  liquid,  sealed, 
and  again  wt^igheil,  the  dilfi-renoc*  of  the  two  weighingfi  of  cour.se  giving  th«t 
weight  of  the  litjuid.  It  is  then  iutrotluoisl  into  agradunted  ^\nSiH  jar  filled 
with  mercury,  invert<*il  iu  a  basin  of  mercury,  anil  ioniiersed  in  a  bath  nf 
water  nr  oil,  and  heat  is  apptieil  to  the  bath  till  the  bulb  bursts,  nud  the 
lii|Uid  is  converted  into  vapor,  which  depreefie,s  the  mercury  in  the  gas-jar 
to  a  certain  level.  Thia  is  read  off,  together  with  the  teuiptrnturu  of  the 
bath  and  the  height  of  the  barometer,  and  from  these  readings  the  volume 
of  tin*  vapor  at  a  certain  pressure  and  temperature.  A  convenient  appa- 
ratus for  the  purpotie  is  reprcsente*!  in  figure  Wl-*.  It  oonnists  of  a  cyliniler 
of  rather  thin  glass,  a  b  cJ,  in  shape  like  a  very  targe  test-tnbe,  alout  16 
or  ]B  inches  long,  and  5  or  6  in  dit^meter.  At  the  lower  and  closed  end  it 
la  nmndt^l,  An<l  care  inuat  IIm>  tiikfu  that  it  \n  thin  enough  to  stand  the 
Application  of  heat,  and  yet  strong  enough  to  iM-ar  the  weight  of  the  mer- 
cury and  the  rest  of  the  apparatus  uhiL-li  will  havt*  to  l>e  inserted.  A 
ainall  and  rather  light  gan-jar  «,  divided  into  inohi«  or  half  cubic  cenli- 
metree,  is  supjKirtiMl  at  its  lower  end  by  an  iron  cup/,  attacheti  to  a  rod 
0  tf  nf  the  Hatae  metal.  Jn  the  engraving  it  is  represented  in  the  act  of 
being  lowerwi  into  its  place.  The  up|Mir  end  of  the  jar  is  kept  steady  by 
the  ring  A,  which  Hlidea  on  the  rrMl  /;  tj.  Tlie  cylinder  is  retained  in  ita 
Tertical  jxiaition  by  the  ring  i' Kliding  on  the  massive  retort-ntand  I- k. 
Th»*  rod  (J  (/  antl  the  tliermouH'ter  /  are  BUpp<irted  by  tlm  arm  7u.  also  at- 
tachtHJ  to  the  retort-stand.  The  cylinder  U'iiig  ehargwl  uj*  to  the  line  m  n 
with  merrnry,  thu  gaa-jar  *•,  filli?d  with  mercury,  and  having  the  glass  bulb 
containing  the  lli)i)id  Ut  Ih>  examined  inrert^d,  is  pln<^ed  in  the  position 
aeen  in  the  figure.  The  cylinder  is  then  to  be  filled  with  water,  or  nent*s- 
ftxrt  oil,  until  the  gas-jar  is  coven'd  for  at  least  an  inch.  The  cylinder 
may  be  »up[K>rted  r»n  wire-gauze  over  the  tri^KMl  o,  or  in  any  other  i-on- 
▼entent  manner.     Ib»iit  may  \m  .ippli^d  by  menna  of  a  Bunsen's  burner. 

Oreat  care  must  Iw  taken,  in  pasHing  the  bulb  up  into  the  gas-jar,  to 
prevent  frnetnre.  Tlie  most  convenient  wny  of  acmmplishing  this,  is  to 
the  lower  end  of  the  jar  in  a  inereurial  trough,  and  to  incline  it  to 


I 
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I 

I 
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mn  angle  of  aboat  450.  The  bnlb  U  then  to  Iw  li«*ld  bntvwn  the  thumb 
And  lirat  two  fingf>rs,  tho  tail  towards  th**  palm  of  tht<  hand ;  it  in  then 
1o  be  presented  to  the  opening  of  tho  gas-jar,  and  wheu  inaerted  ia  to  bu 
let  go ;  it  will  then  asoe&d  to  the  top. 


Tig.  3k. 


U 


<?%f 


)f» 


SB? 


J.^ 


To  detfrmint^  the  elastic  force  of  the  vapor,  the  height  of  the  colnmn  of 

at«T  or  oil  niaat  be  notud  aud  rL'duo'<l  l>v  caU-ulalicjii  to  the  oorrosponJing 

alu<*  in  millimetreit  of  mt-rcory.     Thi*  rlostiL*  fnroi'  P  of  thi>  vapor  it)  tluim 

found  bj  adding  t}ii8  nunibiTtothe  hoight  of  the  hnn>ui>iter,  and  deducting 

e  height  of  the  mt^n.'ury  in  the  gna-jiir  nlx>vp  that  in  tlie  onter  cylinder. 

By  this  mode  of  prooeeding  iru  ascertain  the  volume  which  a  known 

Weight  W  of  aubatont-*-  oc'cupies  at  a  given  tfrniwrature  and  pressure,  and 

it  only  rcmutinfl  In  determine  the  weight  W  of  tht-  Bumt'  volume  V  of  air  at 

e  same  temperature  T  and  pr<«i*«rB  P.     Tliis  Is  given  in  gramn  bjr  tho 

ula — 


\V  =  0.0012932  V  . 


1  -f  0,00367  T 


7flO 


Th«  values  of  the  expression 


^ .    hare  been  calculated  by 

1  ^_  0.00367  T 

Oreville  Williams  for  all  temperatures  from  lo  to  150O  C-  (see  Table  VIII. 
the  Appendix)  ;  and  dividing  the  weiglit  W  of  the  vapor  by  these 
ralues,  we  obtain,  for  the  density,  the  expresftiou — 


TJ 


1—  f- 


juMuaeiT 


? 

» 


-At^  rw^.ar  a  rmtnoo^  n 


|n>i».  ^.iK  -tx^r'iAcuuc 


iaf»  tadc  oo.  w-  -oiQtMviac :   aa=  X 
t^xiauan^-    xaii.    BiH-*   aaic   jkcbcc    if 


4aM^     T^   jtw-fja  -if  ^Sai 


bqpaft  «»  vbey- 


a  aT.!CT**rtrs 


^^'A.  Sir  «xi3i^b*_  afr  t^  >.v-ac 

3.  Bv^mam'9  J/«e^W.^ — ^Tljf  ii  a 

'/>n<.  <V«-  'jt».  h-tr.  \rr>.  pL  l!r?y  ix 
it.g  the  Tap0r-4«Bfiti>«§  of  Li^-boOiBp  fwi^fi* ' 
rtie<«fi  (-reK^r^.  u^i  ;Ji<tv4orF  at 
i'.'v  v-=.p»:n:7jv«.  ±  fT^icas«d  fUat  tsfae  aboat 
a  jz^j^  XrSf  azid  1»  v>  d*  lua.  vide,  it  £ll«d  with 
n^rfYOTT'  azkl  inTcrlcd  i&  th«  iicS«  cap  ^  when^ 
a  faaraMrUic  racanm  2D  to  3D  auoa.  h^ph  ii  fct^nd 
at  the  top.  TL»  loc^  tnbe  is  tDdowd  in  another 
tg(«  3i>  Uj  4*:*  nun.  «>i^  azkd  M*  to  90  mm.  knppr, 
4ravn  '^t  at  the  top  to  a  omwiactin^  tabc-of  moderate  vidth.  vhid  it 
l^wnt  at  r'i;;h\  aBj;l«N.  and  connected  with  a  ^lau  or  copper  restel  in  vhiA 
waUffr,  aniliD-',  or  otbfrr  liqaid  can  be  b>il^.  The  \awvt  part  of  the  kng 
inttt!  u  vH«fn<fd  and  r«?«U  oimd  a  Imtj^  cork,  throofh  irhidi  pases  an 
f^ikpH'tfifp!  T.  Bjr  thit  arranjmn«nt.  a  ttrtfam  of  rapfv  of  water,  aniline, 
or  frtb«rr  rolatile  1ir|ai4  tAn  l^  mad**  t/i  pa»s  throa^h  th^  »paoe  bcCvem  the 
two  trjt««M,  nff  an  t/*  k^'Tp  th«  npp«rr  part  of  the  barometer*tabe  at  the  tem- 
ytnXnf*'.  r^'^iuirvl  for  the  df^f^rmination.  The  safaatance  whose  Tapor- 
d*rfMrty  \n  Xf§  \m  d^Vnnined,  iif  ininvinoed  into  the  barometric  raeaom  in 
Rffull  j<fM)i  tnlM-n  fitt*fd  with  p^fund  stopptTB.  which  are  forrcd  ont  bf 
th"  t"iMii'^ii  r/f  th«!  rajiffr.  Th*?  jcr*rat  adrantag*^  of  this  method  is  that, 
iiri'l'T  Dm*  \*-rj  ii»iall  pr«7ftsuri!  to  which  the  inclosed  rapor  ia  sabjeded— • 
whi'^h  HI*/  **»f  f'^ltjf^-*!  t/i  241  or  ktcii  10  millimetres  of  mercarr — the  deter- 
rniiiMiofM  ma/  U-  miul''  at  (Vimparatirfflv  low  temperat art's.  Thus,  in  the 
*:a4«  <»r  Ii'jijid4  brfilih^  tind*:r  the  ordinar.v  |jr<'»sureai  ISHOoreven  15<P,  the 
vfi|>fir  <i«tfiiiit/  ma/  hv  accurat«l/  d«t«nuiued  at  the  temperature  of  boiling 
waU'f. 
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SovToea  of  Beat. 

The  fiivi  and  greatcat  smiro.'  of  heat,  conipxir^  with  vhioh  all  others  are 
tntalljr  ituignificaut,  is  tin*  mm.  Ttit*  lunkiiioitn  rays  aro  accompanied  hy 
hoAt-ra^s,  wb.Lcb,  striking  against  llu^  stirfoc**  of  the  ettrtli,  raisi*  tt£  teoi- 
p*?rataT« ;  this  heat  ii*  <x>imuuiiicatod  to  thL<  air  b^  convection,  as  ulread/ 
dt^ribed,  air  and  g^avA  in  general  not  buing  si>nAibly  heated  hy  tha  paa- 
Kage  of  the  ray&. 

A  second  source  of  heat  is  Buppose*!  to  oxist  iu  the  interior  of  the*  earth. 
It  has  been  obserfed  that,  iu  Htukiug  miue^haftd,  boring  for  water,  etc., 
the  temperature  rises,  in  descending,  at  the  r»te,  it  is  said,  of  about  ^^  C. 
(l^K.)  for  cvfiry4a  feot,  or  tiSOC.  (1170  p.)  per  mile.  On  Iho  tiup|>osition 
that  the  rise  oontinuee  at  the  name  rate,  the  earth,  at  the  depth  of  less 
than  twomilea,  woold  have  the  temperature  of  tKiiling  water  ;  at  nim^  miles, 
it  wnnld  be  red-hot;  and  at  tliirljr  or  fort^  milt-a  depth,  all  known  sub- 
stances  would  be  in  a  state  of  fusion.* 

Aetordtng  to  this  idea,  the  earth  mnst  he  l(M>ke4l  ujKin  iw  an  intensely 
healed  lltiid  i^pheroid.  covere«l  with  a  crust  of  solid  \nui\y  cunduming  mat- 
ter, oooled  by  railiation  into  space,  and  bearing  somewhat  the  same  propor- 
tion in  thielrness  to  the  ignittsi  liquid  within,  that  tht?  shell  of  an  rgg  tpears 
to  its  fluid  conteu^.  Without  venturiug  to  offer  any  opinion  on  this  theurj, 
it  may  be  sufficient  to  observe  that  it  is  nut  po^itirelv  at  variance  with  any 
known  faet ;  that  the  figure  of  the  earth  it*  really  such  as  would  be  rui^umed 
hy  a  fluid  niaits ;  and,  lastly,  that  it  offers  tlie  befit  explaiiatiuii  we  have  of 
the  phenomena  of  hot  springs  and  volcanic  eruptions,  and  agrees  with  the 
chemical  nature  of  their  products. 

Amung  the  other  sounxw  of  heat  are  chemical  unubinatiou  and  mechani- 
(.al  work. 

The  disengagement  of  heat  in  the  act  of  ooniblnatlon  is  a  plieiiomenon  of 
the  utmost  generality.  The  quantity  of  heat  given  out  in  eneli  particular 
.jpaae  is  flxfd  and  defliiite;  its  inten.Hity  is  dejiendent  upon  the  time  ovftr 
Mrhich  ih*?  action  is  extended.  Many  admirable  n-searchea  on  this  Hubjed 
1lav«>  been  publishird;  but  their  n^ults  will  l^e  mon*  advantagei>UHly  con- 
sidere*!  M  a  later  part  of  ihiB  wurk,  in  connection  with  the  laws  of  rhemi- 
cal  combination. 


//•of  proAtetd  bg  MerAanical  Work, — Heat  and  motion  are  rotivertible  one 
into  tlie  other.  The  i»werful  mechanical  effects  produc4;'d  by  the  rtaaticity 
of  tho  vapor  evolved  from  heatiil  liquids  afford  abundant  illustralinii  of 
the  ootivrrHion  of  heat  into  motion  ;  and  the  pm^lm-tionor  heat  by  friction, 
by  the  hammering  of  metals,  and  iu  the  i-on(b>nhatiun  of  gases  (p.  02), 
shows  with  equal  clearn«s»  that  motion  mny  Iw  i«mverte<l  into  heat. 

In  Home  coseH  the  rise  of  temperattiro  X\\\\a  pnHliicd  appears  to  be  due 
to  a  diminulitin  of  h eat -ra parity  iu  the  l»ody  operate*!  upon,  as  in  tho  case 
of  a  compressQfl  gaa  juHl  alludtii  to.  MalK-able  mitnU,  nNo.  as  iron  and 
ofipper,  which  benime  heated  by  hammering  or  powerful  pressure,  an* 
found  thereby  to  have  their  density  t»enaibly  increasod.  and  their  eaparity 
for  heat  diminished.  A  soft  iron  nail  may  Iw  made  red  hot  by  a  few  dex- 
terous blows  on  on  anvil ;  bnl  the  experiment  cannot  be  repeattMl  until  the 
metal  has  bi»«ll  aMaalfd,  and  in  that  manner  restored  to  its  former  physical 
st&t«. 

But  the  amount  of  heat  which  oan  ht*  developed  by  mechanical  force  is, 

•  The  Arteiiftn  well  mi  Orenrtle,  neur  r«rU   h»t»  a  depth  "if  1771  5  F.nKllnh  feet  \ 
It  m  tiornl  through  the  rhulk  hi^nln  to  ihr  annJ  bon^oth.     The  frmprmture  of  the 
»«"'*er  whiRh  1ft  exrecdiniElr  shumlnDr,  Ih  8t<*  T.  i  tlie  mesn  icmiiernture  of  Paris 
u  41"  F.J  the  dtffercoee  Is  ai°  F.,  which  » Ivcb  a  r^te  of  about  \-^  tot  68  feel. 
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In  moit  oases,  out  of  all  proportion  to  what  oaa  be  acmnnted  for  in  tl 
wajr*  Sir  H.  Davy  mi'lttKl  tuo  pifcea  of  ice  by  rnbbing  them  together  in 
a  Tacnnm  at  the  temperature  ot  if>;  and  Count  Hnuiftird  tnund  thai  the 
heat  develupeil  l>v'  lla?  Uiring  of  a  brass  counun  wac  (Sufficient  to  bring  to 
the  boilinji;  (>uiiit  two  and  a  lialf  }{allcijs  of  water,  wl^iU-  the  dtut  or  shav- 
ingti  of  mutul  eut  by  the  l>orer  wei^'hed  uuly  a  few  ounces,  lu  these  and 
all  aiinilar  ca^etf  the  Iteat  appearti  as  a  direct  result  uf  the  furov  expended ; 
the  motion  ia  oonvertetl  into  heat. 

The  connection  Uttween  heat  and  mechanical  force  appears  still  man 
lutimate  when  it  in  nhoun  that  tliey  ar«  related  by  an  exael  numerical 
law,  a  given  quantity  of  the  one  lieing  alwavH  cuuvertible  intt)  a  definite 
amonnt  of  the  other.  The  first  approximate  determination  of  thiti  most 
iui]>ortant  nniinTieal  relatiuu  wau  itmde  by  Counl  Humfurd  in  Uie  manner 
juat  alludiHl  tu.  A  hrnsH  cylinder  iuclotied  in  a  l>ox  cimtoining  a  known 
weight  (if  water  at  tiiJO  K,  was  bored  by  a  steel  borer  made  to  revolve  by 
horrte  power,  iind  the  time  wa^  noted  which  elaphed  before  the  wnter  was 
rallied  lu  the  boiling  point  by  the  heut  resulting  from  the  frietiun.  In  this 
manner  it  was  f<.mnd  thiit  the  heat  reijuirttl  to  raise  the  temperature  of  a 
pound  of  water  by  lO  1'.  is  equivalent  to  lui4  times  the  forw  expended  in 
raiding  a  pound  weight  uae  loot  high,  or  to  I'XM  '*  fool-jMJundj*,"  ae  it  is 
tuclinlealiy  ex[irei^Hed.  This  ejitimate  is  now  known  to  l>e  too  high,  no 
oocwunt  having  Ix'eu  taken  of  the  htiat  eoinmuuicatetl  to  tiie  containing 
vessel,  or  uf  that  which  was  Uwt  by  dispersion  during  the  exjH'riment. 

Kor  the  nuMt  exact  rieterminatinrm  nC  the  mechanical  equivalent  of  heat 
we  are  indebted  to  the  carefiU  and  eIaU>rat<'  researches  of  Dr.  J.  P.  Joule. 
From  experiments  made  in  the  yvni-ji  lH4(^-4:i  on  the  relations  between  the 
heat  and  mechanical  power  gt^neratiil  by  the  electric  current,  l>r.  Joule 
wai*  led  to  conclude  that  the  heat  riMjuired  to  raise  the  temperature  of  a 
jKiund  of  water  1'-*  F.  is  equivalent  to  Ki8  foot-pi>unds.  This  he  afterwards 
reducwl  to  772;  ami  a  nearly  iM^nal  result  was  afterwards  obtained  by 
«xp«rimenta  on  the  condenaation  and  rnrcfactiou  of  gases  ;  but  this  esti- 
mate has  since  been  found  to  l»e  Likewiae  Uk*  |{reat. 

The  most  tnmtworthy  resnlti*  are  obtained  by  measuring  the  quantity 
of  heat  generated  by  the  friction  between  solids  and  liquids.  It  woa  for  a 
long  time  believed  that  no  heat  vthh  evolved  by  the  friction  of  liquids  and 
gases  ;  but  in  1H42  Meyer  show.^d  that  the  temjM'rature  of  wal<ir  may  bo 
raised  220  or  230  F.  by  agitating  it.  The  warmth  of  the  sea  after  a  few 
days  of  stormy  weattor  is  nUo  pmhahly  an  etfeet  of  fluid  friction. 

The  apparatus  omplnywl  by  Dr.  Joule  for  the  determination  of  this 
impfjrtant  constant,  by  meajis  of  the  friction  of  water,  consisted  of  ■  brau 

pajidle-wheel  furnisheii  with  eight  sets  of 
K  Fig.  3T.  Flf. 38.  revolving  van«^,  working  between  four  sets 

H  J  of  stationary  van(>s. 
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This  revolving  appa- 
ratus, of  which  tig.  37  fthows  a  horiionlal, 
and  fig.  38  a  vertical  section,  waa  firmly 
fitte<i  into  a  copper  vessel  (s.e»i  fig.  39)  con- 
taining water,  in  the  lid  of  which  were  two 
neeks.  on«  for  the  axis  to  revolve  in  with- 
out t^nching,  the  otlier  for  the  insertion  nf 
1  thermonu^tcr.  A  nimilar  apparatna,  hut 
ninde  of  iron,  and  of  smaller  siie,  having 
-^ix  rotatory  and  eight  sets  of  stationary 
vnntw,  wnfl  listed  for  the  experiments  on  the 
friction  of  mercnry.  The  apparatus  for  the 
friction  of  cTjit-iron  consii^ted  of  a  vertical 
axis  carrying  a  bevelled  cast-iron  whtvl, 
against  which  a  bovelled  wheel  was  pressed 
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a  lever.  The  wheels  were  incltwwl  iu  n  awl-iron  Tecsel  filled  with 
mercury,  the  &xt5  passiiifr  through  the  U(i.  In  ea<*h  apparatus  motion 
was  given  to  Ihe  axis  hy  the  d.awnt  n1  K'H^on  weighta  W  (flg.  30)  sua- 
peaded  hy  strings  from  the  axis  of  two  wooden  pulievs.  one  of  which  U 
shuwn  at  /i,  their  axes  being  supporter!  on  fri<  tion  whtwUt/*/,  and  the 


r  |Nnl«9>  heing  oonneotod  hj  fine  twine  with  a  wooden  roller  r,  whicht  bv 
mrnuu  of  a  pin,  ooald  bo  eauily  attached  to  or  removed  from  the  friction 
apparatuit. 

The  mode  of  exiKTimenting  was  as  followtj ; — Thn  temperaiiire  of  the  frlo- 
ttonal  Apparatus  liavinj;  Iteou  asiertaiued,  and  the  wi.Mj;hU  wotind  up,  the 
roller  was  fixti<l  to  the  axi».  and  the  precise  heif^ht  of  tlu;  wei):hl^  ascer- 
tained;  the  roller  waa  then  8<?t  at  liberty,  and  allnwwi  to  revolve  till  the 
weights  tonche^l  the  tIor)r.  Tlie  rollur  was  then  detarhe*!,  thn  weights 
woaiid  up  again,  and  the  frietiun  r(>n(>wi'<l.  This  having  been  r**i>i'ntit1 
twenty  times,  the  experiment  was  oonrUidwl  witli  aimthi-r  observation  of 
the  temperature  of  tlie  apparatus.  The  m^an  tt'mpi'ratiirn  of  the  apart- 
ment was  ascertained  by  olwervatious  majie  at  the  beginning,  middle,  and 
end  of  each  experim'-*nt.  Corrections  wen?  ma«le  for  the  elTwts  of  radia- 
tion and  oouduction  ;  and,  in  the  experiments  with  water,  for  the  fjnnnti- 
ties  of  beat  absorbeil  by  the  eoppt^r  ve»sel  and  tliu  paihUe-wheel.  lu  the 
experiments  with  mercury  and  ca^t-iron,  the  heat-c-apacity  of  the  entire 
apparatus  waa  ascertained  by  olwerving  the  heating  efffct  which  it  pnn 
duceai  on  a  known  quantity  of  water  in  which  it  was  iiuuuTSPil.  In  all  the 
experiments,  corrections  wore  also  made  for  the  velocity  with  which  the 
weights  came  to  the  c»^»nd.  and  for  the  friction  and  rigidity  of  the  strings. 
Tlie  thcnnometeni  used  were  capable  of  indicating  a  variation  of  t«?inpera- 
tore  as  small  as  y^  of  a  decree  Falirenheit. 

The  following  table  contains  a  sumiuary  of  the  results  obtained  by  this 
RuHhfMl.  Theaeoond  column  gives  the  results  as  th^y  wer^  obtaine<l  in 
air :  in  the  third  column  the  same  results  oorrecttvl  for  a  vacuum  : — 


Mitfrlal 
•mpJoyei]. 

Water     . 
Mercury 

Cast-iron 


Ef]UlVft1ent 
In  sir. 

773.040 
773.762 
7711.303 
(  77)1.997 
\  774.»80 


(77? 

l77l 


Equlvslrnt 
tn  vscuum. 

772.692 
772.814) 
T75.352  f 
776.045  \ 
774.930  f 


Mean. 
772.6S12 
774.088 

774.987 
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In  the  expi>rini>mts  with  cast-iron,  the  friction  of  the  wheels  jiruduccil  & 
Qumt  icier  able  vibratiuti  o(  xUv  fruiuewurk  of  thu  ajiparntua,  and  a  luud 
soand. ;  it  was  therefore  necesaary  to  make  allowance  for  the  quantity  ut 
force  expundod  in  proilacing  ttu.^ac'  ctTuutii.  Tho  number  77*2.69«t  obtaiiitti 
by  the  Miction  uf  water,  iti  regartlud  as  the  UKwt  trustworthy  ;  but  eveu 
thifl  inny  Iw  a  tittle  too  higli ;  tK-cause  even  iu  the  frictiuu  of  fluids  it  u 
impossible  entirely  to  avoid  vihratioo  and  sound.  The  ouucluKions  doducvd 
from  thene  oxporimeuts  ar^* — 

1.  Thtit  the.  quantity  of'  heat  produced  &y  the/riction  of  botUes,  vhetAer  tdid  or 
tit/niif,  U  tdicaifs  proportional  to  tke/arce  Krpmded. 

2.  Thai  the  (fiutntit^  of  heat  txtjmttU  tf  inerfiaaing  the  lernperature  ^  1  Ih.  of 
water  (weiffhf^  in  ivicho,  and  between  oftO  and  6CO)  6y  lO  /'.,  reguirrt  for  m 
evoiutipH  the  exptmliture  uf  a  mtckamical  force  reprttented  by  t/i*<faii  of  772  ibt. 
thro'itfk  the  Kpare  of  \foot. 

Or,  the  hetU  capiihU  of  inereasimj  the  tempenttiire  of  I  (/ram,  of  tmter  hg  \0  C\, 
it  rifitifaient  to  u  force  rfprfSftiteti  6y  thr  fatl  of  423.65  tjraiag  thnmtjh  the  upace 
of  1  metre.      This  in  amsefptentiy  the  effect  tf"a  unit  of  hmt.'^ 

Bxperiraf*nt8  made  by  other  philoatiphura  ou  the  work  don*  by  a  ateam- 
engino,  on  the  heat  evolvwl  by  an  elcitro-magnetic  engine  at  rest  and  in 
mutiun,  and  un  the  heat  evolved  in  the  ciri'uit  of  a  voltaic  battery  and  in 
a  metallic  wire  through  which  an  ei^Hrtriu  current  i^  pasHing,  have  given 
values  for  the  iiuHihanical  equivalent  of  heat  very  nearly  eqaa)  to  tko 
above. 


Dynatnloal  Theory   of  Heat. 

For  a  very  loug^  tim»»  two  rival  thei»ries  have  Ih-mh  held  reparding^  t!i« 
nature  uf  heat :  on  tli«  one  hand,  h<'al  lia»  been  viewiwi  as  having  a  mate- 
rial existence,  though  dilVuring  from  ordinary  matter  in  being  withoat 
weight,  and  in  itther  re8pi»i.'trt;  on  the  "Hut  hand,  it  has  been  regarded  aa 
a  state  or  conilitinn  nf  ordinary  matter,  and  goniTully  as  a  inindition  of 
motion.  From  the  latter  part  of  the  Inat  eentury,  until  the  modern  rc- 
soarchi^  upnii  the  mechanical  equivalent,  the  furuu^r  view  had  by  far  ttie 
greater  numlM<r  of  adhiTents.  Its  i>opiihirity  may  Ite  chiefly  traced  to  the 
teaohin;;  of  Black  and  Lavoisier.  By  the  former  of  these  philosoplterv,  the 
variotu  capacities  for  heat,  or  siKrciHo  heatx,  uf  dilTerent  Imdies,  seem  to 
have  been  regarded  !\»  imalogous  to  the  various  projKirtions  of  the  samo 
acid  required  to  nHUtrnlize  equal  quantititts  of  dilTerent  bases,  while  tbo 
solid,  U<jnid,  and  gajti.>uus  stjitea  were  explained  by  Black  as  repri^enting 
80  many  distinct  pnqmrtions  in  which  heat  was  CApa]>lo  of  combining  with 
ordinary  uiiUter.  Very  similar  views  wore  advocated  by  Lavoisier  ;  b« 
re«;ar{li^  all  gases  as  otim[iounti»  of  a  base  oharRcteHstio  of  each,  witti 
oaJoric,  and  supposed  that  when,  as  the  result  of  chemical  action,  they  a»- 
flumi?il  tht'  liquid  or  aoltd  state,  tliifl  caloric  was  set  free,  and  appeared  as 
sennibtn  tu-at. 

Heat  \va8  compared  by  these  pliilosophcra  to  a  material  Bubstanc*.  in 
order  («■  explain  its  then  known  quantitative  relations  ;  and  from  this 
point  of  view  the  conception  introflnc<'d  hy  them  bnd  the  great  ailvantage 
of  Indng  more  easily  grasped  than  .tny  wfiieh  the  advocate's  of  llie  imtnata- 
rial  naturtt  of  heat  had  to  olTer  in  its  place.  It  was  much  easier  to  con- 
ceive of  definite  qoanlitit^s  of  an  fxeeedingly  snbtilp  inlwtnne**  or  fluid, 
than  of  deflnite  quantities  of  motion,  whit'h  wns  itm'lf  iindi<luH*<1  as  to  its 
nature.  It  was  a  direct  consiHiuenroof  the  material  view,  that  heat  should 
be  considered  as  indestructible  and  as  incapable  of  being  produced,  and 
therefore  that  the  total  quantity  of  heat  in  the  universe  should  be  regarded, 
as  at  all  timei^  the  same. 

But,  ou  the  other  haud,  this  hypothesis  did  not  afford  a  satisfactory  ex- 


HKAT. 


n 


ptanation  of  tho  proilnrftiiiu  of  heat  by  mechanical  means.  '  Here  it  was  not 
eiuy  to  dt^ny  tbu  aotual  ^uiivratiun  uf  heat,  or  to  explain  the  elTects  n»  tivt* 
pviuUiig  mt-n-'ly  uu  its  Alt«*retl  tlihthbtitinn.  NererthcU^s,  tho  evuliitiun  uf 
lieAt  by  friction  and  jn'rcusniun  wii8  generally  considered,  by  the  advtx^atat 
of  the  uukterjal  view,  oa  lu  «uuie  way  renullin;^  from  a  diminution  in  the 
eapacitiea  lor  heat  of  the  IxKlies  optTute>d  up'^tn  ;  and  this  explanation  do- 
rivt'ii  L-^jiiitideruble  Muppurt  fniiu  the  remark,  made  by  Blaek,  that  a  pieott 
of  jtiift  iron,  which  hiU  bi*fii  auvu  ma«le  red  hut  by  bammerlug  (imm*  p.  7K)i 
cannot  be  bo  heal<}d  a  second  time  antil  it  has  bevu  heat4^  to  redne:ds  in  a 
fire  anil  allowed  ti>  uoul.  In  ttiia  cane,  certainly,  it  seeiueU  aM  though  tha 
hammering  forced  out  heat  from  thoma^s  of  iron,  like  wat^r  from  a  Bjmnge, 
and  that  a  frneh  supply  wa^  taJcea  up  wh«u  the  iron  was  put  in  the  ttri*. 
This  explanation,  however,  did  nut  aatittfy  Kuiiiford,  who,  in  the  iiive»ti- 
gatiou  desL-ribed  above,  made  direct  experiments  upon  the  speci^c  heal  of 
the  eliipci  of  metai  dutactied  by  the  friction,  and  found  it  to  Im;  identical 
with  that  of  brass  under  ordinary  circuuiHtanceH.  Htill  more  ilecisive  proof 
that  tliti  tieat  generated  by  friction  cannot  be  ascribed  to  a  diminution  of 
Mpvcjlic  heat  in  the  substances  o]ferateU  on  was  afforded  by  Davy's  experi- 
ment on  the  liquefa4:tion  of  iivi  by  frtctinn;  for  in  tliix  cttAe  the  i«w  waa  ixin- 
verl*.>d  into  a  liquid  haviiig  twice  the  spQcifio  heat  of  the  ice  'tiielf.  Hence 
Bary*  drew  the  concluaion  tliat  '*  the  inuntHliate  cau»e  of  the  phenomena 
of  beat  la  motion,  and  the  lawb  of  its  communication  are  precisely  the  same 
aa  the  laws  ol  the  communication  of  motion." 

The  mechanical,  or  dynamical  theory,  which  regarded  heat  as  eonsisting 
in  a  state  of  molecular  moiioo,  cannot,  however,  bo  said  to  have  been  deti- 
nitely  established,  until  it  also  was  made  quantitative, — until  it  was  shown 
that  exact  nomerical  laws  regulate  the  production  of  hejit  by  work  or  of 
work  by  heat,  equally  with  iUi  production  during  soUdifioatiou  and  dis- 
Appe&rauce  during  fusion. 

To  illustrate  the  general  nature  of  the  dynamical  theory  of  heat,  we  give 
an  outline  of  the  view  of  the  constitution  of  gasee,  first  put  forward,  in  its 
present  form,  by  Joule  ;t  and  «nbse<jaently  developed  by  Krdnig,t  and 
Clausius,$  and  of  the  explanation  of  the  relation  existing  between  solids, 
liquids,  and  gases,  which  has  been  deduced  from  it  by  the  last-named 
philosopher. 

First,  then,  it  Is  assumed  that  the  partloles  of  all  bodies  are  In  eonstant 
motiou,  and  that  this  motion  oonKtituteH  heat,  the  kind  and  qnantity  of 
motion  varying  aeofrding  to  the  state  of  the  lx>dy,  whether  solid,  liquid, 
or  gaseous. 

In  gases,  the  molecules— each  molecule  Wing  an  aggregate  of  atnimt — nre 

ppoeed  lo  be  constantly  moving  forward  in  straight  lint's,  and  with  a 
slant  velocity,  till  they  impinj^e  agninnt  each  other,  or  apainftt  an  im- 
etrable  wall.  Thia  constant  impact  of  the  molecuIeK  prwluces  the  ex- 
pansive tendency  or  elastidty  which  is  the  peculiar  cbarnrteriRtic  of  the 
gasooua  »tat«.  The  rpctilincar  movement  is  not,  however,  the  only  one 
with  which  tlie  particles  are  alfectetl.  For  the  impnct  of  two  molecules,  , 
UBleSB  ft  takes  plaiM:  exactly  in  the  line  joining  their  centreji  of  gravity, 
mnal  give  rise  to  a  rotjitnry  motion;  and,  moreover,  the  ultlmatp  atoms  nf 
which  thi*  raolenileft  are  comprised  may  Iw  s\ip|»osed  to  vibrnd*  within  cer- 
tain limlta,  Iwinp.  in  fact,  thrown  into  vibration  by  the  impact  of  the 
molecules.  Thia  vibratory  motion  is  railed  by  Clausius,  thtt  motifm  of  th« 
eamatituatl  ulntjut.  The  tnlAl  quantity  of  heat  in  the  gas  is  made  up  of  the 
prvgr««siv«  motion  of  the  molecules,  together  with  the  vibratory  and  other 
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eurted  by  the  km 
Mumllag  to  Um  k^petlMriv  SMlar  nwMlirilMM.  tnm  Urn 
€€».grmn  nnrilnmrf  tMifiiiff  m-tr-rln  ■i:Mnn  thi  ■iilc  fif  Tfcii  timiI 
ttl  anx  inv<-B  c«mpcf»taf«,  that  b,  wrtb  aa/piTea  igiocUj,  Um 
smA  tmfmeu  taUag  plaae  in  a  girfa  tte»  most  TBfy  imwtntMy  a»  tfca 
mil—  atf  tlw  gina  qaantitj  of  gaa:  bme*  flb  ^wi  iimp  amvii^^  «« 
<t<  ni  !■  I II,  T  JKnrify  a*  i*e  rfraaft),  whicfa  la  HdtW's  lav. 

the  volaaw  of  Uie  gai  ■  iwliut,  the  ptiaaitre  nnltiai;  Crm  the 
4iC  the  mfA*irn\f*  i*  tuopurtioaal  to  the  sa^  ti  the  maaaea  of  all  tha 
iWa  moltipUed  iulA  the  aqnam  «f  their  velaatws  ;  in  oth«' 
to  Ibe  ap-cailed  ri>  wirm  or  m^rkimy  Jmwm  «f  A*  pngreeaire  notion.  If, 
asaaipte,  tb«  Telocity  be  doobied,  ea«h  noleeole  vUl  strike  the  aklca 
the  Tcaad  vitii  a  twoAitd  floroe,  and  iu  aamber  of  impacts  in  a  pHraa 
vill  alau  be  doaUcd :  henoe  the  total  prcasare  will  be  qaadrapl«d. 

Nov,  we  know  that  when  a  ^wn  qoautitjr  of  mmj  perfecc  gas  La  main- 
taixwd  at  a  eonataat  Toloiae,  it  tends  to  expand  by  -^  of  iu  bulk  at  sera 
far  eaah  dapree  oentigrade.  Henoe  the  prraaore  or  rlsseic  force  iprrvaaes 
ffapertionaUjr  to  the  temperature  reckoned  from  — Zt^  C. ;  that  is  to  say, 
to  the  abadute  temporalore.  ConsMjuentlj,  du  ahmiutt  ttwtperatww  u  ^re- 
pmtiemai  to  the  woriimyjaree  a/'  tke  pro^mmr*  moliam. 

Morrorer,  as  the  mottoas  of  thf  coMiitn^ni  partides  of  a  ^as  depend  on 
tbff  manoer  in  which  its  atoms  w  united,  it  follows  that  in  anj  giTea  pas 
the  diflcrent  motions  must  be  to  tme  another  in  a  constant  ratio :  and,  there- 
fen,  the  ru  rtro  or  vorHay  yoror  of  the  progrfaaUe  raotioo  most  be  an  ali- 
qnot  pari  of  the  entire  working  farce  of  the  gas :  hence  also  the  afaeolato 
InapMalnre  ia  proportional  to  the  total  working  loree  arising  bum  all  the 
motions  of  the  particles  of  the  gas. 

Frcmi  this  it  follows  that  the  qoantit/  of  heat  which  must  be  sddni  to  a 
gas  of  ooDstaut  rolume  in  order  to  raise  its  tfmperatore  br  s  given  aiiKmnt. 
ia  ooaatant  and  independent  of  the  temperature.  In  other  words,  the 
•fndAe  heat  of  a  gas  referred  to  a  given  Tolnme  is  constant,  a  result  which 
agmca  with  the  czperimpntK  of  Rcfmanlt,  ncatioaed  at  p.  i'Z.  This  result 
may  be  oChKrwlse  expressed,  os  follows :  TAs  iBSal  or  working  /am  of  the 
gOM  iM  to  the  worimg  fmre  '>/"  the  pro^fsstrr  matiom  o^  tit  moifrulrs,  wAicil  u  th« 
NwuMtre  of'  tht  temperotun,  in  a  ronstaat  ratio.  This  ratio  is  diUflrvut  for  dif- 
ferent ^ases.  and  Is  greater  as  the  gas  is  more  complex  in  its  oonstitutioii ; 
in  other  woris,  as  its  molecales  are  made  op  of  a  grealAir  number  of  atoms. 
Tht*  n^HH^itic  heat  refernxi  tn  a  constant  pressure  is  known  to  differ  from 
the  true  specific  heat  only  bjr  a  constant  quantity 

The  reUlinn*  just  wiisi'lere*!  between  the  pressure,  Tolume,  and  t 
perature  of  gas*-*,  preauppoae,  however,  certain  conditions  of  molocu 
ormstitalitin.  u  hirU  are»  perhaps,  never  rieidlr  fultilled  :  and,  acoordingljTj 
the  ex{(erirueuiji  of  Magnus  and  Re|rnanlt  show  (pp.  4I»-.'>0)  tliat  gases 
cshHiit  slight  deviations  from  (Jay-Lussac  and  Boyle's  Uws.  What  the 
conditions  are  which  strict  adher*»TK^  to  thes**  laws  would  require,  will  b« 
l)elter  understood  l»y  ronsidering  the  differences  of  molecular  coustitation 
which  must  exist  in  the  aolid,  liquid,  nnd  traseou*  states. 

A  tuoTenient  of  moVx^ules  must  be  suppoeuMl  to  exist  in  all  three  states. 
In  the  »olid  Mait.  the  motion  is  sach  that  the  molecnles  osciUate  aliout  wr- 
talu  poMttiunn  of  equilibriiitn.  which  they  do  not  quit,  unless  they  are 
Mted  ii[»c<n  by  external  fnrr»*5.  This  vibratory  motion  may,  however,  be 
of  a  very  complicateii  character.  The  coustitueul  atoms  of  a  molecule  may 
vihrattf  separately,  the  entire  molecales  may  also  vihrate  as  such  aboDt 
th«iir  oentrea  of  gravity,  and  the  vibrations  may  he  eilhtsr  rectilinear 
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that  is  to  say,  upon  the  temperature.  It  is  cK-Rr.  th**rofore,  that  the  den- 
sity uf  a  Haturatetl  vapor  iiiutit  inrreuse  with  the  louLperaturv. 

If  the  (tpac^f  above  the  liquid  is  prnviuUHly  tilUnl  with  a  gaa,  the  niole- 
oulee  of  this  gas  will  impinge  upon  ihe  gurfaee  of  the  liquid,  and  thereliy 
exert  pressure  upon  it;  but  aa  thuse  |$aa-iuul(?cuU'M  OL-eujijr  but  an  i-x- 
treuiiily  small  proportion  of  the  npaoe  abore  the  liquid,  lite  partiuh's  nf 
the  liquid  will  be  projectud  into  that  space  aluioifl  oa  if  It  were  enijiiy. 
to  the  midille  of  the  liquid,  however,  tUv  cxt^'riial  presHun*  of  the  gag  act« 
in  a  diifereut  mannt-r.  There,  aUo,  it  umy  happen  that  the  uioleculeii  mar 
he  separated  with  tiuch  force  a»  tu  produce  a  itmuil  vacuum  in  the  niidBt  ol 
the  liquid.  But  tftiti  tipace  in  tiurruuuded  uu  nil  sideH  t>y  mnH»i-s  which 
afford  uo  passage  to  the  disturbed  moleeule^  ;  and  in  order  that  they  may 
inorOMO  to  a  pennantrnt  va[Mir-bubhle,  tlie  number  of  molecules  pmJi-cltHl 
from  the  inner  surface  of  the  vessel  mupt  bi3  such  aa  to  produce  a  pregf^ure 
outwardu  equal  to  the  extiTuaJI  pressure  UMiding  to  compress  the  vapor- 
bubble.  The  Ifoiling  of  the  liquid  will,  therelore,  be  higher  as  the  exter- 
nal pressure  is  greater. 

Aucordiug  lu  tbia  view  of  the  process  of  vaporization,  it  is  possible  that 
T^mr  may  rise  from  a  solid  ns  well  its  from  a  liqui<l :  but  it  by  no  meanM 
neoenarily  follows  that  vapor  must  be  formed  from  all  InkUos  at  all  tompe- 
ratares.  The  force  which  holds  together  the  molfculcs  of  a  liody  may  l»e 
too  great  to  bo  overcome  by  any  combinatinn  f>f  molecular  movements,  ho 
long  as  tho  temperature  does  nut  exceed  a  certaiu  limit. 

The  profiurjiftn  and  conaumptioti  of  h^al  which  accvmpnny  changes  in  th« 
state  of  aggregation,  or  of  the  Volume  of  bo<ii-?8,  arc  easily  explained, 
according  to  the  preceding  principles,  by  taking  acoount  of  the  ivori-  done 
by  the  acting  forces.  This  work  is  partly  eitemtd  to  the  body,  partly 
i»ternal.     To  consider  first  the  intemul  work  : 

When  the  molecules  of  a  body  change  their  relative  positions,  the  change 
may  take  place  either  in  Accordance  with  er  in  opponitinn  to  the  action  of 
the  molecular  forces  existing  within  the  bofly.  In  the  former  case,  the 
molecules,  during  the  passage  from  one  state  to  the  other,  havo  n  certain 
Velocity  imparted  to  them,  which  is  iiiim<»diately  convprtwl  into  boat  ;  in 
the  latter  case,  the  velocity  of  their  movement,  and  connequently  the  tem- 
perature of  the  body,  is  diminisbcd.  In  the  postiage  from  the  solid  to  thw 
liquid  state,  the  molecuU«,  although  not  removed  from  the  Bphercsof  their 
mutual  altraclinns,  neverlhelc«s  clinnge  their  relative  positions  in  oppo- 
sition to  the  molecular  forces,  which  forces  have,  therefore,  U)  be  overcome. 
In  evaporation,  a  certain  number  of  the  molecnles  are  cumplytely  sepa- 
rated from  the  remainder,  which  tt;;ain  implii-s  the  overcominjj;  of  op|ioAii)^ 
forces.  In  both  cases,  therefore,  work  is  done,  and  a  certain  portion  of  the 
working  force  of  the  molecules,  that  is,  of  the  heat  of  the  body,  is  lost. 
Bat  when  once  the  perfect  gaspons  state  is  attained,  the  molecular  forces 
arc  completely  overcome,  and  any  further  expansion  may  lake  place  with- 
out internal  work,  and,  therefore,  without  loss  of  heat,  provided  there  is 
no  external  reHistance. 

But  in  ntiarly  all  cases  of  change  of  state  or  rolnme,  there  is  a  certain 
amonnt  of  external  resistance  to  Iw  overcom'»,  and  a  cttrrcsponding  loss  of 
heat.  When  the  pressure  of  a  gas,  that  is  to  say,  the  impact  of  its  atoms, 
is  exerted  againut  a  movable  obstacle,  such  as  a  piston,  the  molecules  lose 
just  as  much  of  their  moving  power  as  tlipy  have  imparte<l  to  the  piston, 
and.  consequently,  their  velocity  is  diminished  and  the  lempernture  low- 
eretl.  On  Ihe  ronlrary,  when  a  pas  is  compr<»ssed  by  the  motion  of  n 
piston,  ils  moleriilcs  are  driven  bark  with  greater  velocity  than  that  with 
which  they  impinged  on  the  piston,  and,  consequently,  the  temperatute 
uf  the  gas  Is  raised. 
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When  &  liqaid  is  oonrerted  into  rapor,  th«  molorules  hare  to  ovtTojuio 
the  atuoepburlc  pivssure  or  other  exti^mal  resUlaoce,  and.  in  coiis(>quonc« 
of  this,  together  with  th«;  iiiterDnl  work  already  wpokfii  of,  n  large  quan- 
tity of  ht»t  disappears,  or  is  rrndt-rt^l  latent^  tbe  quantity  thus  i-ynsumeil 
being,  to  a  fiDr.9idtTablf>  extent,  affected  by  the  extertial  prtrsiturv.  Tbe 
liquefaction  of  a  solid,  not  being  attended  with  much  inoreobe  of  Tolum«, 
involves  hot  little  external  work  ;  ni*vertht>U!&s  llic  aiinospherii.  pressure 
does  inflnence,  to  a  alight  amount,  both  the  latum  heat  of  fuaiou  and  the 
tiK-lting  point. 
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LIGHT. 

Two  viewB  hare  boon  enlorLaincHl  respecting  Ihn  nature  of  liglit.     N«w- 

ton  inuigtntML  that  lumiuouEi  bodice  emit,  ur  uhix)t  uiit,  intiiiitoly  small  piir- 
ticU'S  in  Htraigh!  lines,  which,  by  peiiclrnliny  the  transpareul  partu  ol  Uio 
vyo  and  falling  upou  tliu  ntTvoua  liaauf,  produvc  vision.  Other  p!iih»iM>- 
phorii  iln*w  a  parallel  Uutwovu  the  propurtiita  of  ligUt  uiiU  thufiv  of  sound, 
anl  confliflorud  that,  tin  iiound  is  certainly  thu  ell(*ct  of  undulatiooa,  or 
lictlo  waros,  propa^&ted  through  cliuitio  tjodiea  in  all  directions,  ao  lig^ht 
miijht  bit  nothing  luoro  than  th«  oonftiwiiienc**  of  similnr  nndnlntionif  traiiH- 
mitted  with  ;ni»noeivable  Telocity  through  a  highly  elastic  medium,  of 
MXC'Sdivo  taauity,  flllin;;  all  spact*,  and  tK't'upyiiig  Iho  inti-rvals  betwHrni 
tho  partides  of  material  sutatanot's.  To  this  mtMiimn  they  gavo  tho  nmuo 
of  rjhcr.  Tha  wftv«  hypulhoKit]  of  light  in  at  pri'St-iit  gom^rally  adoptcil. 
It  ia  in  harmony  with  all  thu  kuuwn  pIuMiomi/na  (littcoverml  ^iiU'O  th<i  tiniu 
of  Nowton,  not  a  U^\r  of  which  wern  lirut  dtNliicod  from  the  innlulatory 
theory,  and  aftorwarda  veritled  by  experiment.  tSeveral  wvU-known  facts 
&r«  in  direct  opposition  to  the  theory  of  emiasion. 

A  ray  of  light  cmittt^Kl  from  a  luminous  body  procce<lB  in  a  Btraight  lino, 
and  with  axtremo  velotMty.  Certain  astronomical  olMvrvntions  aiTord  the 
mdAns  of  approximating  to  a  knowledge  of  this  vehirity.  Tho  8atellitt*8  uf 
JapUor  rovolva  about  th*^  planet  In  the  samn  manner  as  the  moon  almut 
the  en.rlh,  and  tho  timo  of  rerolutinri  of  eaeh  satellitti  is  exactly  known 
from  it*  perioilical  entry  into  or  exit  from  the  sliadow  of  the  planet.  Tho 
that)  rotiuirod  by  ono  ii?  only  4'i  hours.  Kumer,  tho  astronomer  of  Copeo- 
ha^im,  found  that  thin  p<'ricid  appeared  to  l>e  longer  when  tho  earth,  in  ita 
pa3sa;^6  ronnd  the  nun,  mored  from  tho  planpt  Jupiter;  and,  on  tho  oon- 
trary,  ho  observed  that  tho  periodic  time  appeart'd  to  be  aborter  when  ths 
earth  moved  in  the  direction  towardi  Jupit«»r.  Tho  difference,  though 
very  small  for  a  ainglo  revolution  of  the  satellite,  increa-^es,  by  the  addi- 
tion of  miuy  revolutions,  duriii;^  the  passage  of  the  earth  fnuii  its  nearest 
to  iU  greatest  distance  from  -Tupiter,  that  is,  in  about  h.alf  a  year,  till  it 
amounts  to  16  minutes  and  lt>  suconda.  ROmer  ooncludr-*!  from  this,  that 
the  light  of  the  sun,  reflected  Troni  the  satellite,  required  that  time  to  pass 
through  a  distance  equal  to  the  diameter  of  the  orbit  of  the  earth  ;  and 
aiuct)  this  spoeo  is  little  short  of  200  millions  of  milos,  the  velocity  of  light 
cannot  be  less  than  2(UI,)K)0  miles  in  a  aeeond  of  time.  It  will  ho  sei-n 
hereafter  that  thia  rapidity  of  tran»mi<<!tion  is  rivnlled  by  that  of  elertricity. 
Another  astronomical  phenomenon,  obaervtHl  and  rwrrectly  explatutMl  by 
BradUiy,  the  aberratitm  of  the  fixed  stani,  leads  to  the  same  result.  Physi- 
cists hare,  moreover,  sueceeded  in  measuring  the  velocity  of  light  for  ler- 
rostrlal,  and  indeeil  comparatively  Hnmll  d  is  tan  coa  ;  the  results  of  these 
experiments  essentially  correspond  with  those  given  by  astronomical  ob- 
servations. 


Rbplectiox.— Wlien  a  ray  of  lisht  falls  upon  a  Iwundary  between  two 
morlia,  a  part  of  it,  and.  in  exceptional  cosm,  the  whole,  is  refleeted  into 
the  fir<t  medium,  whilst  tho  other  part  penetrates  Into  the  seeond  mtnllnm. 

The  law  of  regular  reflection  is  extremely  simple.  If  a  line  be  drawn 
perpendicular  to  the  surface  upon  which  the  ray  falls,  and  the  angle  con- 
tained between  the  ray  and  the  p-rpendieular  ^»  measnrwl,  it  will  be  found 
that  the  ray,  after  reflection,  takes  such  a  oonrse  as  to  make  with  the  per- 
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pendicntar  an  oqanl  angle  on  the  opposite  side  of  the  Litter.     A  ray  of 

light,  B,  falling  at  the  point  p,  will  bo  rofteot«d  la  the  direction  PB%  making 

the  an^le  n'vr'  cqnal  to  the  Anglo  u>p': 

and  a  ra,v  from  the  point  r  f.illing  upcm 

the  same  Apot  will   \*ti  relh-cttxl  to  r'  in 

virtue  of  the  oamu  law.    Further,  it  is  to 

be  obsierve^l,   lliat  the   incident  and  re- 

flectcNl  ra^-s  arir  always  4x>a(aiii4Yl  in  the 

same  normal  plane. 

The  same  rul«>  holds  good  if  tho  mirror 
be  curred,  as  a  portion  nf  a  sphpri^,  the 
curre  bf'in^  considerud  as  mailv  up  uf  a 
multitude  of  little  planes.  I'arallel  ra3ra 
ccaae  to  bo  bo  when  rrftocto<i  from  curved 
surface's,  K'comins  diver^fnt  or  conviT- 
gent  according  am  the  rcilecting  Hurfari^  Ik  mnvex  or  concavo. 

lifHlit-s  with  rough  and  uneven  snrfao^,  tho  r^ninllcflt  part-*  of  which  ore 
irirlintfi  towanls  each  other  withont  order,  rcUfi-t  Hie  li;rht  diiru84<d.  The 
percfption  of  bodiua  depends  upon  the  dilTuaed  redi*cte<l  liglit. 

RRPBAcnozf.  —  It  haa  just  been  stated  that  light  passes  in  straight 
Unofl  :  but  this  is  true  only  so  long  tin  tho  m>*dium  through  which  it  travels 
j>ri-serves  tho  sauie  density  and  the  snine 
chemiral  nature:  when  thia  eeaKefl  to  be  the 
cai<e,  the  ray  of  li^ht  is  iK-nt  from  Its  course 
into  a  new  one,  or  is  suld  to  1k.»  r^jrartrd. 

Let  R  (fig.  41)  1h)  a  ray  of  light  falling 
upon  a  plate  of  Bmuis  transparent  aub»tnnce 
with  paralhd  sid«rs,  8n<-h  as  a  piece  of  thi*-k 
plat«g1a5i» — in  short,  any  tranj^parent  bomo- 
geueous  material  which  it*  either  non-crystal - 
Une,orcrystalli£rniuthH  regular  system  ;  ami 
let  A  be  Its  point  of  contact  with  th>.*  uppi.-r 
surface.  The  ray,  instead!  of  holding  a  At  might 
course  and  passing  into  tho  gloxs  in  tho  direc- 
tion A  D,  will  b«!  buntduwowarda  toe ;  and,  on 
leaving  the  glass,  AJid  issuing  into  the  air  on 
tho  other  side,  it  will  again  be  bont,  bat  in  tho  opposite  direction,  so  as  tn 
make  it  parallel  to  the  continunlton  of  its  former  truck,  provided  there  bo 
one  and  the  same  m<Mliuin  on  th(>  upper  and  lnw>*r  side  of  tho  plate.  Tha 
t^neral  law  la  thutt  expre^Hed  :  When  the  ray  pii.s:§es  fmm  a  rare  to  a  denser 
TUvtlium,  it  ia  usually  refracted  luwanU  a  line  perpendicular  to  the  surfaco 
of  the  latter;  and  conversely,  when  it  leaves  a  dense  medium  for  a  rarer 
one,  it  is  refraoteti  yriTm  a  line  perjH>ndieuliir  to  the  surface  of  the  denser 
sufatttance;  in  the  fnrmej-  rase  the  angle  of  incidence  in  gn^ater  than  that 
of  refraction ;  in  tho  latter,  it  is  leas.  In  both  rases  the  direction  of  the 
refracted  ray  is  in  the  plane  r  a  t^,  which  Is  formed  by  tho  falling  ray  and 
the  perpendicular  %  x  driiwn  from  the  sp<»t  where  the  ray  Is  refracted ; 
the  angle  r  a  s  ^  a  *  a',  is  called  the  angle  of  incidence.  The  angle  c  a  s' 
is  ealted  the  angle  of  refraction,  Tlie  dilTerunce  of  these  two  angles,  that 
is,  tho  angle  c  a  a,  is  the  refraction. 

The  amount  of  refraction,  for  the  same  medium,  varies  with  the  obliquity 
with  which  the  ray  strikes  the  surface.  When  perpendicular  to  the  latter, 
the  ray  passes  without  change  of  dlreclion  at  all;  and  in  other  ponitiona, 
the  refraction  inrreases  with  the  obliquity. 

Iv«rl  n  (fig.  42)  represent  a  ray  nf  lipht  falling  upon  the  surface  of  a  niait« 
of  plate  glass  at  the  point  a.     From  this  point  let  a  perpendicalar  fall  and 
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be  ooiiiinucd  into  the  new  lucdiuui,  aud  arouud  the  saniu  p<»iiit,  as  a  centre, 
l«t  a  circle  be  drawn.  Aooordinj;  to  the  law  just  stated,  the  refraction  must 
bu  towards  the  perpendicular ;  in  thu  direc- 
tion A  r\  for  example.  JUt*t  iLtf  lines  a — a, 
a' — a',  at  right  anjjilea  to  the  {K-rpcndicular, 
he  drawn,  and  tht-ir  length  compared  bjr 
moanit  of  a  scale  uf  i^ual  parts,  and  noted  : 
thi'ir  length  will,  in  the  cane  8upjK)&ed,  b«  in 
projxtrtiuo  of  3  to  2.  Thi-iio  lines  are  tonuod 
the  tineM  of  the  angles  of  iucidenuQ  aud  ruCrao- 
tion  respectively. 

Now  let  another  ray  be  taken,  snch  as  r  ; 
it  is  refracted  in  the  same  manner  to  r',  the 
iK'nding  being  greater  from  the  increased  ob- 
liquity of  the  ray  ;  but  what  is  very  remark- 
^~    I     ^.  '-"  able,  if  tlie  hines  of  the  two  new  angles  of  in- 

cidc'ure  and  rufraction  be  again  compared, 
tliL'y  will  still  be  fuujid  to  bear  to  eAch  other 
proportion  of  3  to  2.  Thu  fact  is  expressed  by  aaying,  that  so  long  as 
the  light  passes  from  one  to  the  other  of  the  same  two  media,  the  ratio  ^ 
tke  naes  of  /A«  aaijlfx  of'  incidence  and  rtj'ntction  is  conttant.  This  ratio  is  call^ 
the  tfi^er  of  refmriion. 

DilTerent  bodies  possess  different  refractive  powers ;  generally  speaking, 
the  dennesi  substances  refract  most.  •  Com)»istible  bo«ii<.'8  have  l>eeu  no- 
ticed to  possess  greater  refravtive  power  than  their  density  would  indicate, 
and  from  this  observation  Newton  predicted  the  combustible  nature  of  the 
diamond  long  before  anything  was  known  rt*»(>ei-ting  its  clicmical  nature. 
Tlie  method  adopted  for  describing  the  comparative  refractive  power  of 
different  budies,  ifl  to  Htatu  the  ratiu  borne  by  tlie  sine  of  the  angle  of  inoi* 
dcnno  in  tliu  firnt  medium  at  tbo  lioundary  of  the  secimd,  to  the  sine  of 
the  angle  of  refraction  in  this  second  me^lium  :  this  is  called  the  iWat  ^ 
rf/raction  of  tin'  two  aulifltanoes  ;  it  is  gr.'nler  ut  \v^a  than  unity,  according 
as  the  second  medium  i»  <lt*n8er  or  rarer  than  thu  lirut.  In  thu  case  of  air 
and  plate  glass  the  Index  of  refraction  U  1,S. 

Wlien  the  index  of  refrarticm  of  any  partirtilnr  ttnlmtanoe  is  once  known, 
the  effect  of  the  latter  ujKin  a  ray  of  light  entering  it  in  any  position  can 
be  calculated  by  the  law  of  sines.  The  fotbming  table  exhibits  the  indices 
of  refraction  of  sovoral  suljstonces,  supposing  the  ray  to  pass  into  tliom 
from  the  air  ; — 


InUex  of  rcfrnetlon. 
.     1.10 
.     1.30 
.     1.34 


SiihRffiDces. 

Tahaaherr* 

Iro    . 

Water 

Fluor  spar         .         .1.40 

Plate  glow        .         .     l.fiO 

Rock-crystal      .         .     1  .fiO 

Chrj-solite         .         .     l.fiO 

Bisulphide  of  carbon     1.70 


SutwtsDces. 

Garnet 

Glass  with  much  ox 

ide  of  lead     . 
Zircon 
riiridphoruB 
Diamond  . 
C'hroiiiate  of  lead 
Cinnaluir  . 


Index  of  refrsoti 
.     1.80 


Wlion  a  luminous  ray  enters  a  mass  of  snbstinre  dlfferinc  in  refmctlre 
jK»wer  from  the  air,  and  who»<»  surfares  are  not  prtrnllel,  it  Iwoonies  pCT- 
manently  deflected  from  its  course  and  «lt"'red  in  its  direction.  It  Is  npon 
tbia  principle  that  the  properties  of  pHsm<i  and  lenses  depend.  To  take 
an  example  :    Figure  43  reprt.'sentf.  n  trinngulnr  prism  of  glass,  upc 

"  A  •Uiceoua  dppoMU  In  the  Joint*  nr  the  bamboo. 
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Kide  of  trbioh  the  rzj  of  light  r  nwy  be  ftuppoMd 
,|o  fall.     Tbift  Thy  wiJi  of  courw  b«  rt'frmct^  on 

teriag  the  glsuw,  towonls  a  Muv  pf  r[K>iMlicul»r 
to  ttiH  first  fiurfactc,  and  again,  from  a  Iiuf  pfr- 
pt'iuliuular  to  the  second  tuidcv,  ou  ptnergiug 
into  Ibv  ftir.  The  ri^ull  is  tbv  iletltrction  a  c  a, 
which  lA  iH)ual  to  the  6um  uf  Iho  two  deflections 
which  the  ray  undt^rgov^  in  passing  through  th>]  prism. 

A  convex  leas  ia  thus  mabltHl  to  converge  rars  of  light  falling 
and  a  concave  Icni)  to  aeparale  them  more  widely  ;  ea^'b  Sfparate 
the  surface  of  the  ieus  producing  it«  own  indvpeudent  etfi>ct, 

DisrERAinjr. — The  light  of  the  Hun  and  oelratial  TtodJos  in  general,  mb 
well  aa  that  of  tht*  electric  ifpark  and  nf  all  ordinary  llauicA,  if  of  a  com- 
pound nature.  If  a  ray  of  light  from  any  of  the  *K)urc«i  mentioned  be 
admitted  into  a  darlc  ruum  by  n  small  hoU  in  a  shutter,  or  otherwise,  and 
goffered  to  fall  upon  a  glass  prism,  in  the  manner  shown  in  fig.  44,  it  will 
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be  refracted  from  ite  Btrafgbt  course,  hat  will  he  deMnnpofled  taito 
T  of  coloro<l  rays,  whirb  may  b**.  rei^'ived  apon  a  white  toretn 
placed  behind  the  prism.  When  solar  light  is  employed,  (he  eolnrs  are 
extremely  brilliant,  and  spread  into  an  oblong  space  of  considerable 
length. 

the  prism  being  placed  with  its  base  npwnrds,  as  in  fig.  44,  the  upper 
part  of  this  imagv,  or  tpMimm,  will  lie  vioh't  and  the  lower  red,  the  inter- 
mediate ]>orlion,  eommeneinp  from  the  violet,  being  indigo,  blue,  green, 
yellow,  and  orange,  all  grailuatiiig  Imperoeptibly  into  each  other.  This  is 
the  celebrate<l  experiment  of  t?ir  Isaac  Newton  ;  from  it  he  drew  the  infer- 
ence that  white  light  is  composed  of  seven  primitive  colors,  the  rays  of 
which  are  ditferently  refrangible  by  the  same  me<liuin,  and  hence  capable 
of  Ijring  thus  separated.  The  violet  rays  are  moet  refrangible,  and  the  red 
rays  least.* 

Bodies  of  (he  same  refractive  power  do  n«t  always  <M|ualIy  disperse  or 
spread  ont  the  differently  colored  rays  tn  the  same  extent ;  because  the 
principal  yellow  or  red  rays,  for  instance,  ar"  equally  refracted  by  two 
prisms  of  diffen-nt  materials,  it  di:>e*i  n«>t  follow  that  the  Hue  or  the  violet 
will  he  similarly  affect^'d.     Hence,  prisms  of  different  varlcliea  of  glass,  or 

•  The  cntort  or  nstural  ohjeote  are  sappoMd  to  result  from  ttie  power  pon^msriJ 
by  their  •iirfj*tM»i  of  nbflorhlnE:  »nme  of  the  rf»Inred  r»ij-»,  wlille  they  reflect  or 
triiriNintl,  ni  the  ruar  mty  h**,  the  remdlnrifr  of  the  r»yB.  Thun  an  object  A|i|>rNrt 
rrO  lircsiise  It  ftb»ortHi  or  muscb  ti»  (iin«pppnr  the  yellow  snd  Mue  rnyt  eoinpoilng 
th*  white  llffht  hy  which  It  in  lllumlnstc*!.  Any  eolor  which  reni^^lni"  nfter  the 
deduct  on  of  nnDtlif-r  color  fmni  white  liirht,  Is  ini<l  to  he  rvrnftrmentar}/ tn  the 
Litter,  (.'omplementnry  colnrp,  wht^n  urtlrn  plmiilt«iiroii»ly,  reprotlupc  white 
li»ht.  Thus,  In  the  example  alreiiiy  ijuofed,  rrU  and  ((rem  «re  eotnplenientnry 
(K»Inr«.  Tltp  fnrt  nf  cnmplement^rv  rtilorn  ^Ivlnic  riff  to  white  Hchl  miy  M 
reAitlly  llliiftlrAled  hy  nitxlni;  In  Hitprnprlnte  quitntitiCR  a  roiC-red  ilt>lutlon  Of 
eobslt  Knd  srecn  kolutlon  of  nickel ;  the  reaultltig  liquid  !■  aenrly  caloileu. 
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other   transparent  sabstances,  gtro,  under  slniiUr  circa mstanoes, 
diOereut  spuctra,  both  afl  respects  the  length  of  the  image,  and  the  relatiri 
extent  of  tlii*  lYilored  band*. 

The  apiK'-arance  of  the  Rpe(:triim  may  also  vary  with  the  nature  of  thsj 
sourw!  nf  light :  the  investfeation  of  lh(»e  dtfferencei*,  huwovrr,  involvef  f 
llie  use  of  a  xcote  delicate  apparatus.     Fig.  45  ebows  the  principle  of 

Fig.  45. 


^ 


an  apparatns,  which  is  called  a  tpertrtmmpe.  The  light,  passing  throngli^ 
a  tine  slit,  «.  impinges  upon  a  tlint*glas8  prism,  p^  by  which  it  Is  dispersed. 
The  de<x>uipose«l  light  etiu^rge»  from  the  prism  in  several  directions  between 
r  (rtni  rays)  and  r  (violet  rays)  ;  and  tlie  8|>ectrum  thus  pmilucod  is  ot»- 
served  by  thi»  ti'.le»(M>|M?,  t,  whii>h  rewfivt-a  only  part  of  it  at  once  ;  but  the 
s^'vernl  piirtji  in.\v  lie  rf^lily  fxjuiiiiu^il  t»y  turning  nlightLy  either  the  priHia 
<ir  the  tt)l(»rop<_».  | 

ir  tilt!  ttolar  ^jteotrum  be  examined  in  this  maiiniir,  uunieruua  dark  Unos 
parallfl  with  the  ihIjjc  nf  the  prism  ar^  olieerv»'d.  They  were  dis^nnered 
in  1h02  by  r»r.  W<»llaslon,  and  siibsetiuently  more  minutely  inv<-«tigalHi 
by  Fraunhofor.  They  are  generally  known  as  Kraunhofer's  lines.  These 
dark  lini«,  which  exist  in  great  niimlH^n^,  and  of  varying  strength*  are 
frregnlarly  distributed  over  the  whole  spectrum.  Some  of  them,  in  cim- 
•eqiienre  nf  their  peculiar  strength  and  their  relative  position,  may  always 
be  easily  recngniwd  ;  the  more  Mmflpicnona  nrc  represented  in  Bg,  40,  and 
in  tbe  frontispiece.     Tlie  same  dark  lines,  though  paler,  and  much  mora 
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diflenlt  to  reoogniKe,  are  nhserred  In  the  spectrnm  of  planets  lighted  by 
tW  ann  ;  for  instance,  in  the  light  emanating  frt^im  Venus.  On  the  other 
haMtU  the  dark  lines  ob^ervint  in  the  siH>rtra  which  are  produced  by  the 
U^l  enanating  frr^^ni  fixed  i^tnn — from  Zsirlus,  fur  inittance — differ  in  pnsi- 
tfciK  tNB  tboAe  previnusly  uientiiuied. 

wC  Ughlwhit)i  etintain  no  volatile  eonstitnents — incandesi-ent 
wire,  for  example — fnrnt.^h  continuouH  Hpectra.  exhibiting  no 
k  Bat  if  volatile  sulxttances  bu  present  in  the  source  of  light, 
Matvabaenrcd  in  the  spectrum,  which  are  frequently  charaot^r- 
><<  1^T«l«m«  sulMlAmvA. 

TUcktff,  of  Bonn,  has  investigated  thn  spectra  which  are  pro- 

^  «h«ctrte  light  when   dev«lnp.^l    in   very  rarefied   gas'-s.      He 

and  the  dark  ?trijw*fl  lM»twr<*n  the  lines  varying  con- 

I.     Wlien  the  elwlrie  lisht  w.is  devchijwd  in 

>^  la»^Hr&,t^  «pectmm  thus  ohtAimil  exhihilod  ^imultanr- 

kWkmglng  to  the  two  goaea  of  which  the  mixture 
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isifllfMi.  Wben  the  experiment  was  niad«  in  guMms  oomponnds  cApiiltlu 
of  beiui;  d<?o*>mjK«wd  by  the  Hlt'clrii:  curn«nt,  this  dccompM'ition  was  indi- 
cAt«*t  hy  tii*»  spectra  of  tlie  <tt*pu.rrited  (;"n!»t)ttu'nl«  t>eo<triiin^  purof'pliM*'. 

Mjiuy  vtiars  a^o,  the  ti|H;^-ira  of  cuIopmI  lliLuiffl  wore  rxauiiihtl  by  8ir 
Johu  lltT^rli'rl,  Fox  TallMit,  and  \V*.  A.  MitltT.  Within  tht:  lnnt  few  jrani 
nisutti  uf  the  grratcut  importaiim-  Uuve  iK-eii  obtaiiie<l  \>y  Kirrhhoflf  and 
Buitstiti,  wliu  liavti  iiivtutigated  tliu  ftpt*t^tra  funiiBhed  hy  tht*  lacuiidesdenoe 
uf  rnlatih*  ituhHtani-i-ft  ;  th*iie  n-Av^archMi  hari;  rnrirhed  ohrtuistry  villi  ft 
now  method  of  analysis*  the  anmljrais  by  apcclruiu  oh«ervations.  En  order 
tu  rccog-uiao  unv  of  tht*  metals  of  the  alkalit<s  or  uf  th**  alkaline  earths,  it 
ii  generally  sufficient  to  introduci^  a  minute  qnantity  of  a  moderately  vriln- 
tile  (a»mp«iund  of  the  metal,  on  the  Jix)p  of  a  platinum  wire,  fntu  the  edfte 
of  the  rery  hot,  but  HeariM^>]y  luminouH  llanie,  of  a  mixture  df  air  and  (-4»a1- 
gaa,  aud  to  examine  the  ispi'ctrum  which  is  furnifduHl  hy  the  dame  cun- 
t^itiing    the  vapor  uf  the   metal  or  it:t    L-umpuuud.     t'ig.  47   exhibiUi    th« 

FIC.4T. 


apparatus  which  is  used  in  pf-rforming  erperimentu  of  this  descriptlrm. 
The  light  of  the  flame  iu  which  the  mftallicoomponnd  is  Hvaj>ornte<t  pnasi« 
through  the  fine  slit  in  the  disk,  i^,  iutci  a  ttiln*,  the  npp<iHitc  end  of  which 
U  provided  with  a  winvex  lena.  This  lent*  collectH  the  rays  iliverging  from 
the  «lit,  and  throws  them  parnllcl  tipon  the  prism,  /*.  The  light  ia  df<xmi- 
poaini  by  the  prism,  and  the  spertrum  thus  obtAiu4<d  is  rdntt-rved  by  meana 
of  the  l<ile=4eopo.  which  may  \m  turntnl  round  the  axia  of  the  stand  carry- 
iiij;  the  pri-tm.     Foreign  light  ia  excluded  by  an  appropriate  covering. 

Tlie  limits  of  Ihia  elementary  treatise  do  neit  permit  us  \o  de»oril>e  the 
ingeniona  arrangements  which  hare  he*»n  contrived  for  sending  ihf  light 
from  different  aonrees  through  lh»»  Bam«*  prism  at  different  heights,  whereby 
their  sp«^ra,  the  solar  sp<H'triim,  for  inHlann*.  and  that  of  a  flame,  may  Ki. 
pla^x^l  iu  a  parallel  position,  the  one  above  the  other,  and  thus  be  com- 
pared.* The  Bp«'etra  of  flames  iu  which  different  substanc^ii  are  volatilized 
frequently  exhibit  snoh  uharact-ristically  rilBtinct  phenomena,  that  they 
may  he  tued  with  the  gr«*ateHt  .»dvaiitaue  for  the  difcrimination  uf  these 
ettbatAnc*.'«.  ThoB  the  sjieclrnm  i>f  a  flame  containing  Mxlitnn  (Xa)  exhibits 
a  bright  line  on  tlm  yellow  porliuu,  the  spi'Otrum  of  potussium  (K)  a  char- 
acteristio  bright  line  at  the  extreme  limit  of  the  red,  and  another  at  the 


•  See  the  arttete"Speotral  ABftlfila,"  by  Prof.  RoMoe.  In  Watta'a  Utotioaary  of 
Cbemlalry,  vol.  T. 
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opposite  violel  limit  of  the  spectrum.     Lithium  (Li)  vhown  »  bright  bril- 
liant lino  ill   Iho  red,  and  a  palor  lin<^  in  th<<  rclloir  portion  ;  atrontini 
(3r)  a  bright  lino  in  th*?  hluc,  one  in  the  orange,  and  six  U-sn  distinct  on< 
til  the  Tfl   portion  of  ihft  aiMHitrum.     Thn  frt>nt  is  piece  ('xhiltitii  the  mt 
ri'markable  uf  ihu  dark  liui<!a  of  the  solar  H{M%trum  (Krauuhnr>r'fi  linnA] 
and  lhi«  po«ilion  of  the  briglit  linea  in  th«*  spet^tia  of  tlamt>s  containing  tl 
vaporfi  of  (Ttitnptninds  of  tlm  metalH  of  tho  alkalies  and  alkaline  ttarthii,  alao* 
uf  (he  niotaU  thallium  ami  imlium. 

Thu  doliciiii/  uf  theiii)  tipLftrol  reactions  i«  very  conaidnrablo,  hut  uniK]nj 

in  th«  «wo  of  different  uielala.     The  pretience  of   Eralu  of  * 

200,000,000    * 
dinm  in  thi*  flame  U  still  easily  reoognizable  by  the  bright  yellow  line 
the  Hpi.'ctrum.      Lithium,  wh^-n   introtluced  in  the   form  uf  a  volatile  roi 
pound,  imparts  to  the  ftain**  a  red   <:^ilor  ;   but  tliis  coloration  is  no  lonj 
perceptible  when  a  volatile  niMlium   eompound   IB  simultaneouHly  pnsenl 
the  yellow  coloration  of  the  llame  prt'duminntin);  under  sueli  cireumstant 
But  when  a  mixture  of  one  pan  of  lithium  and  lUOO  iiart<t  of  sodium 
volatilized   in  a  Ham e,  the  ppix-truin  of  the   llame  exhiblls,  together  witV 
the    bright   y*llow    Bixlium    lim'.  likewise    the    red   line  thararterislic  of 
lithium.     The  obaorvatiou  of  bright  lines  not  belonging  to  any  of  thn  pre- 
viously known    bodii'S   has   led  to  the   discovery  of  new   eU-iuenta.     Thus, 
Bunnen  and  Kirchhoff*,  when  examining  the  Hpeotrum  of  a  dame  in  which  a 
mixturo  of  alkaline  Halt  wan  cva[Mjrat4Hl,  observed  Rome  bright  lines,  which 
could  uut  l>e  attrtbuttod  to  any  of  the  known  element»(,  and  were  thua  led 
ta  the  diaoovery  of  the  two  ni-w  nictals,  radium  and  rubidium.     By  tl 
Mine  method  a  new  element,  thallium,  Iiah  been  more  recently  dincoveTf 
by  Mr.  Crookes  ;    another,  calltil  indium,  by  Reich  and  Richter  ;   juid  a" 
third,  called  gallium,  by  Lih\m\  de  Boislwudran. 

Fur  tlie  examination  of  the   bright  liu^is  in  the  (;]M-ctra  of  metals,  thej 
(tleiHric  Hjjark,  passing  In-twet^n  two  p<»inta  of  the  metal  un<Ier  fxaminatioi 
may  bo  oonveniently  enqiloyetl  aa  a  Kuurce  of  light.     Hmalt  quantities 
the  metal  arv  invariably  volatitizeil  ;  and  tlie  n]>eetrum  developed  by  the 
eh<e.triu  light  exhibits  the  bright  lines  characteriiiticDf  the  metal  emjdoyed. 
Thei>Q  lines  wero  observed  by  WheatHtone  as  early  as  1B35.     This  melh< 
of  inventigation  ia  mort*  especially  applicable  to  the  examination  of 
i{»eetra  of  the  heavy  metala. 

By  a  »eri»-*i  of  thtHiretieal  conttiderations,  Professor  Kirehhoff  haa  arrivi 
at  the  conclusion  that   the  spectrum  of  an  inenitdesceiit  gas  ih  reverse< 
I.  «.,  that  the  bright   linea  beiY>me  dark  lines — if  tlierc  be  behind  the 
IttrandeHcenl  gaa  a  very  Inwinous  lioorce  of  light,  which  by  itself  fnmi»iti'X 
amntinnons  Hpectrum.     KirchhofT  and  BunsfU  have  fully  confirmed  LltiA^^ 
«««K<lnHion  by  exi)eriment.     Thus  a  volali1f>  lithium  udt  pnxluces,  aa  jua^il^| 

CWd  out,  a  very  dlatJnet  bright  line  in  the  r»-(i  portion  of  the  apectrnm; 
Bf  brlRht  sunlight,  or  the  light  i-niittinl  by  a  solUl  body  hoat^  to  tTie 
l^iA  MWerfnl  Ineandefteenee.  l>e  alloweil  to  fall  through  the  flame  upon 
^iM^lAiDt.  (ho  MiM*iMrum  exhibits,  in  the  place  of  this  bright  line,  a  black 
tl»IUr  111  every  nmpet-t  to  Frannhofer'a  lines  In  the  solar  spectrum, 
manner  the  bright  strontium  line  is  reverewl  into  a  dark  line. 
and  Bun»en  have  exprcftsed  the  opinion  that  all  the  FrHUuhofctr 
M  wA^f  ii|)t<etrum  arn  bright  lineft  thus  reversed.  In  their  oon- 
|m  vuik  !•  aurninndt<«l  by  a  luminous  atnioafdjere,  containing  a 
■mWtvI  rotatilixiTl  su^istances.  which  woald  give  rise  in  tho 
tteiBiHalii  bright  lln*^,  if  the  light  of  the  solar  atiiioHphere  olono 
kk«  tkrt^iii  :  but  the  intense  light  of  the  powerfully  Incandca- 
I'.is-K-fl  through  the  solar  ntmosphere,  ennses 
-'-<land  to  appear  aa  dark  llnt^s  on  the  nrrl 
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■oUr  flpectrnm.  Rirchhotr  Aud  Btiniwn  Uato  thus  lieen  rriAbled  to  aitrnipt 
tfai,*  invcMj^i^ntinn  of  tlie  chemical  o(>n»tituciits  of  iha  »inlar  almoephurr,  by 
astf  rlaiiiin^  the;  fK^mt^ntrt  whirh,  trli^Mi  in  tlio  stat*?  of  iiu'jindc«c«-xit  mpor, 
develoi*  tiright  sjM'ctral  lines,  coinci'linuj  with  Frauuhof»'r'»  linos  in  the 
holuT  sp«*ctruiu.  Kniauhnfer's  hiic  f*  (li>,'.  4(j)  otincidL-s  nunt  accuraluly 
with  thii  bright  rtp^ctral  line  of  sodium,  and  may  be  arliticially  produced. 
by  reversing  the  Utter ;  Bodium  would  thus  «(tp«ar  to  be  s  ron«titaent  of 
the  ttolu- atuonpherv.  Kirchhoff  Una  provtid,  mnrcorer,  that  sixty  bright 
lines  p<T(X'ptible  in  th^  six^ctrum  of  iron  corres(i>ond,  both  as  to  pofiitioa 
and  distinction,  nuwt  exactly  with  the  somu  uumUfr  uf  dark  lint«  in  th« 
solar  spiMitrum,  and,  aocordingly,  hn  boliorm  iron,  in  th«  Btat<»  of  vapor, 
to  bo  predvQl  in  tUa  solar  atmosphere,  lu  a  similar  manner  this  phvKicirit 
baa  endeavored  to  ceta.bliah  the  presence  of  several  other  ulcmvnta  in  the 
■olor  atmoapUere. 

Abaorptio»  Spectra.— ~The  relative  qiiantiliM  of  th«  sereral  oolored  raya 
absorbed  by  a  colored  medium  of  given  tliiaknt»d  may  be  observed  by 
viewinjr  a  line  of  light  through  a  priitm  and  the  eulurtMi  medium;  the 
apectram  will  then  lie  seen  to  lie  dimini.-tli(«<l  in  brightn*<«.<t  in  ftome  parta, 
and  perhaps  cut  olT  altogether  in  others..  This  mode  of  obeerration  la 
o(l*ia  of  great  use  in  chemical  aiialyii^is,  as  many  eolored  sabBtanccs  when 
thus  exainin**d  afford  very  characteristic  »i>ectrB,  the  pecoliarilics  of  which 
may  often  be  distinguUhed,  even  though  the  solution  of  the  sutnlance 
under  examination  contains  a  sufficient  am^iant  of  colored  impurities  to 
change  its  oolor  very  considerably.  The  following  method  of  making  th« 
obbtTvation  is  given  by  Pn>feS6or  Stokes.* 

A  small  prism  is  to  be  chosen  of  dense  flint  glass,  groand  to  an  angle  of 
6(P,  and  Joat  largo  enough  to  cover  the  eye  comfortably.  The  t<.tp  and 
bottom  should  be  flat,  for  convenience  of  holding  the  prism  between  the 
thumb  and  forefingitr,  and  laying  it  down  on  a  table  so  as  not  to  scratch  or 
soil  the  fa^^es.  A  fine  line  of  light  is  obt.aine<l  by  making  a  vertical  slit  in 
a  board  six  inches  square,  or  a  little  longer  in  a  horixontal  iliri*otifm,  and 
adapting  to  the  aperture  two  pieces  of  thin  metal.  One  of  tho  motal  pieces 
is  movable,  to  allow  of  altering  the  V'reiulLh  of  the  slit.  About  the  fiftieth 
of  an  inch  is  a  suitable  breadth  for  ordinary  purposes.  The  board  and 
metal  pieces  should  be  well  blackened. 

On  holding  the  board  at  arm's  length  against  the  sky  or  a  luminous 
flame,  the  slit,  being,  we  will  supimse,  in  a  vertical  direction,  and  viewing 
the  line  of  light  thus  formed  through  the  prism  held  close  to  the  eye,  with 
its  edge  vrrtical,  a  pure  spectrum  is  obtainf»l  at  a  proper  azimuth  of  the 
prism.  Turning  the  prism  round  its  axis  altorB  the  focus,  and  tho  proper 
f'X^us  is  got  by  trial.  The  whole  of  the  sjwctrum  is  not.  Indeed,  in  perfect 
focus  at  once,  so  that  in  acrutiniting  one  part  after  another,  it  is  requisite 
to  turn  iho  pri.^ra  a  little.  When  daylight  is  used,  the  sppctmm  is  known 
to  be  pure  by  its  showing  the  principal  fixed  lines  ;  in  other  cases  the  focus 
is  got  by  the  conditimi  of  seeing  diMtinrtly  the  other  objects,  whatever  thoT 
may  Iw,  which  are  prescnt.-d  in  tlio  speetninu  To  oliserre  the  absorption 
spectrum  of  a  liquid,  an  elastic  bfind  ia  put  ronnd  the  hoard  near  the  top, 
and  a  test-tnbi!  containing  the  liquid  is  slipped  under  the  liand,  which 
holds  it  in  it«  place  behind  the  slit.  The  spectrum  is  then  observed  just 
as  before,  the  test'tube  being  turned  from  the  eye. 

To  observe  the  whole  progress  of  the  absorption,  different  degrees  of 
str«ngth  muat  be  used  in  succession,  beginning  with  n  strt-ngth  which  does 
ni»t  render  any  part  of  the  spectrum  absolutely  black,  unlejis  it  »te  one  or 
more  very  narrow  bands,  aa  otherwise  the  most  distinctive  features  of  the 
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Absorption  mtglit  b«  missed.  If  the  solation  b«  contained  in  a  wodge^hftped 
vesittil  iusteaduf  a  test-tube,  the  progress  of  the  aljsorption  majr  be  watched 
iu  a  eontinuona  mnnncr  by  sliding  tho  v*»sReI  bi'fort'  the  eye.  Some 
Borrors  ])reft>r  u»iij;;  a  wo«l;;c'-sh.ipeil  voftsel  in  (.■oiiiliiiialiou  with  the  si 
till*  slit  l»«'ing  pt*rpen<licular  to  t)u'  wigo  of  tlio  woilgn.  I;i  Ihia  case  w 
element  of  the  alit  forma  an  elenu-ntary  spectrum  eorreaiHimling  wi 
thiukness  of  tliK  t>uluti<>n  which  inereA^cs  in  a  continuous  manner  from 
^adga  of  thtt  werige,  where  it  vanishes.  Tkia  is  the  mode  of  obeerratif 
■doptod  by  liliKiHMne.'^ 

Pig.  4**  represent*  the  effeet  proiiure«i  in  this  way  by  a  solution  of  r] 
mlo  chloridu,  and  fig.  4d  that  produced  by  a  solution  of  potassium  permi 
gan&te. 

Fig.  4S.  Ttf.  4fll 
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The  right  hand  »i<lo  of  these  figures  oorrcspond«  with  the  red  end 
the  spectrum  ;  the  letters  refer  to  Kraunhofer*s  limts.     The  Inwpr  part 
coeh  figure  ahow^  the  pure  spectrum  seen  through  the  thinner:  part  of  tl 
we<lge ;  and  the  prngreaa  of  the  absorption,  at*  tlin  tluckness  of  the  lifiuid^ 
fnrrea.teft.  is  «i^en   by  the  gradual  obliteratiou  of  the  spectrum  towanls  tUe 
upper  part  of  tbo  figurofl. 

FluorMKrnrti, — An  examination  into  a  peculiar  mode  of  analrBis  of  llght^ 
diflcovcrerl  liy  Sir  John   llerschfl,  in  a  Holution  uf  qainine  Kulphato,  hi 
witliin  the  last  few  years  le<l  to  tho  discovery  of  a  iimsit  remarkable  fji 
Proff*sHor  .Stokes  had  itbaerved  tliat  liglit  of  certain  refrangibility  and  coU 
is  capable  of  experiencing  a  peculiar  inQuence  in  being  dispersed  by 
tain  mndia.  and  of  uultTgoing  thereby  an  alteration  of  its  refrangihilil 
and  wdor.     Thbi  curious  change,  called  Iluorescenee,  can  ho  produced  by 
great  nnmlnir  \>t  l»o<lii?a,   l»oth  liquid  and  solid,  transparent  and  opa((U< 
Frequently  tho  change    alfects  only  the  extreme  limits  ;    at  other  ti 
larger  portions  ;  and  In  a  few  cases  even  the  whole,  or,  at  all  evunta,  tl 
major  part  of  the  spectrum.     A  dilute  solntiou  of  quinine  »ulphate,  for 
instance,  changes  the  violet  and  dark-blue  light  to  sky-blue ;  by  a  decoction 
Otinadder  in  a  solution  of  alum  all  rays  of  higher  refrangibility  than  yel- 
ttlf  wo  oonvcrtetl  into  yellow;  by  an  ah-oholic  solution  of  the  coloring 
matter  of  leaves,  all  the  rays  of  tho  S|>ertrum  U'rome  red.     In  all  caaes  ii 
which  thin  pe^'uliar  phenomenon  pres^-nled  itself  in  a  greater  or  less  degri 
Mr.  Stokes  observeti  that  it  ronsUted  in  a  dtminntion  of  the  refrangibilitj 
Thus,  rays  of  so  hijrh  a  degree  of  refrangibility,  that  they  extend  far  beyoi 
the  extreme  limits  of  the  spectrum  visible  under  ordinary  circumstanf 
may  be  rtwderod  luminous,  and  converted  into  blue  and  even  red  light. 
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DoPBUi  RcpRACTioN  \SD  FoLABiJSATiox. — A  TA^  ct  aoDMDon  li^ht  mAftn  l<» 
pus  tlirongh  ct^ain  crystals  of  a  particular  ordor  js  Ibttod  to  unilcr^  m 
ver/ rfourkaMe  cltiii\;;o.  It  IjecoincJi  »plit  or  iliv-uUfl  liiUi  t«'o  rAj'«,  niia 
o(  which  tiillQWB  the  f;42n*:ral  Jaw  of  refraction,  wtultf  llio  othur  uik*'«i  a  nvw 
sad  «ztraoriiin&ry  cutint*?,  dept^udtrut  ou  tho  jioaitiim  of  (hn  rrrstAl.  This 
•ffoet,  whii'h  is  cilIIwI  double  rcfractiou,  in  lirautifully  illiistratiwl  in 
thtf  eas«  of  Icidand  spar,  or  crystalliz*xl  cah'iuni  ca.rL><jn«c*^  On  jilarhif;  a 
*rbocab  of  tbu  suhstanee  on  a  pifivof  vrhittf  pAj^er  ou  wliioli  a  mark  ur  lii»« 
has  be«n  ms'lis  the  object  will  be  eeen  duubk*. 

Agalu,  if  a  ray  of  li>;ht  be  aafrer<.><L  to  fall  on  a  platt*  of  g\ai*»  at  au  angtn 
of  StiO  45',  thi!  portion  of  th»  ray  which  Bufffrs  rcfliNHioo  will  b«  found  to 
vo  KA-tquired  properliue  which  it  did  not  before  puuesa ; 
OD   tlirowiiig   it,  at    the  eauie  angle,  npon  a  s^contl  f^C*  ^ 

pUte,  it  will  bo  ol>serTe<l  that  there  &rc  two  pAr- 
pubiLioiu  of  the  latt<rr,  namely,  thoiie  in  which 
planeai  of  incidnnrt^  are  At  ri>;ht  nTi^l>-n  tooni*  annttit-r, 
the  ray  of  lijirhl  ii  no  lonjj'*r  fliect-'^l,  but  enltndy 
nrfracted.  Light  which  hau  iulTvred  thb  change  ia  suid 
to  be  ptJarizfd. 
Th0  light  which  pajises  throagh  the  flr«t  or  poUrixiiig 
at«  in  alio,  to  a  certain  extent,  in  this  peculiar  cnn- 
ti/in,  and^by  employing  a  series  of  ftimilor  plAt*«  held 
parallel  to  the  fimt,  thin  effeet  nuiy  bi?  ^jreally  iniTi-iwed ; 
a  bun'lle  of  fifte^'n  or  twmity  f>\\r\\  plati'^  may  Ih*  iiMf*d 
with  great  oonromence  for  the  pxp^rimt'iit.  It  in  to  !•« 
reiuarked,  also,  that  the  light  j)<darixed  by  transiai^.'^iou 
in  this  manner  is  in  au  op{>«»it<i  Static  to  that  p4>larizt«d 

r«l]ec*ion  ;  that  i«.  when  examiae*!  by  a  sewud  or  anaij/:iny  plnte,  held 
the  angle  befbro  numtioned,  it  will  be  se«Q  to  li«i  reili^ct'tl  when  the 
er  is  transmitted,  and  to  be  disp«rsod  when  the  flr>it  Id  relleoie<l. 

is   not   every    sututaucQ  that  Is  capable  ot   polarizing   li}cht   in  this 
ner ;  gla^.  water,  and  »>rtAtn  other  lK>diea  bring  B)M>iit  the  chango  In 
estion,  each  having  a  particular  i>olnri/ing  angle  at  wlilch  the  effect  is 
ateet.     For  eacli   lrani4pnrent  Aubstnoi^e  the  )K>larixiiig  angle  ia  that  at 
!c\h   the  refl«MTtod  aud   r*'fract»ii   r;iy*  are  perp4'ndiculft,r  to  each  otlu-r. 
etaU  can  ahio  jwlariae  light,  by  retlection,  but  they  do  so  very  ImptTfeclly. 
The  two  ray*  into  which  a  p<*nril  of  t-v»inmon  light  divides  itunlf  in  pasts* 
throngh  a  doubly-refVavting  crvhlal  are  found,  on  rxainiiiation,  Ut  be 
I  in  a  very  ooinplete  manner,  anil  aUo  tran6Ven»ely,  th*<  one  lN>ln;f 
e  of  redeelion  when  the  other  vanillic-  <ir  lit  traosmittiMl.     Th«*  two 
an>   ftnll    to   Iw   p(>larize<I    in   nppu*^ite   dircctinnE.      With  a  rhomb  of 
np-tr<'itt  Ic4*land  spar  of  Lul>Tably  lar^M*  di^lf•n^i<t^9,  the  two  oppositcljr 
lATixed  rays  may  be  widely  separat'.vl  and  examined  apart. 
Certain  do  ably -refrain  in;;  crystaU  absorb  one  of  these  rays,  hut  not  tlii» 
her.     Throngh  a  plate  of  aueh  a  crynial  one  ray  passee  and  InKiomea 
tirrly  p«dariied ;  the  other,  whicli  i»  likewise  polarix^d,  but  in  annilior 
,  LB  removed  by  ab^Tption.     The  U*«t  known  of  these  mediti  is  tour- 
e.      When   two  plates  of  this  mineral,  cat  parallel  to  the  axis  of  tho 
are  held  with  their  art*  parallel,  m  in  n^:.  M,  lijjht  trar.*r»ti!H  them 
freely  ,  hot  wh«.'n  one  of  them  is  lum^^vl  round  in  tho  manner  sliowit 
:,  52,  so  as  to  make  the  axes  oroM  at  right  angles,  tho  lij,'ht  is  almoat 
If  i-topped,  if  the  tourmalines  are  good.     A  plato  of  lh«  mineral  thus 
«  an  excellent  teat  for  dlacriuiinaling  between  polarised  light  and 
whiuh  has  not  undergone  the  change. 

t«ad  of  the  tourmaline  plate,  which  is  always  colored,  frequent  utta 
ift  made  of  two  Nichol's  prisma,  or  conjoined  prisms  nf  ealrinm  carbondle, 
which,  in  ounsequeace  of  a  peculiar  cutting  aud  wmbinalion,  yossesa  iU* 
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property  f>t  allowin;^  only  ouh  of  tlio  oppositely  poIariMd  raja  to  pau. 
XDoro  atlvautagootis   method  of  catting  and  Dombining   prisms  baa 
J^Ten  hy  M.  l-'oucault.     lliii  prisais  art*  as  st^rviceiilite  as,  and  less  expel 
•ire  thAn,  thiMe  of  Nichol.     If  two  NicliorBor  Foucault's  prUms  be  plat 
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one  behind  the  otlur,  in  precisely  similar  positions,  the  light  polarized 
thf  one  goiyi  Ihrongh  the  other  unnltcr.ti.  But  when  onf  priKm  is  slightly" 
turned  round  In  iu  si'ltiiig,  a  dimdinfst^  It^  pnxluixHl :  and  by  continuing 
to  turn  the  prittm,  this  inrrcases  until  jxTftfct  darkness  pijsu^s.  Thii>^^ 
hrippttns,  as  vith  tho  touritinlino  pUu-K^  v^lu^n  llio  two  prtBiua  uross  ooi^H 
auotlinr.     The  phenomunon  is  the  saun?  witlx  ciilorli^s  as  with  coloruil  light^^l 

CSrmiar  fh/aWrrt/iDn.-^^upposing  tii.it  jKiLirizi-it  lif;ht,  colored,  for  ex- 
ample, by  going  throu;^h  &  plato  of  red  glo^s.  has  ])iLA8t.Ml  through  the  first 
Nioliul's  prism,  and  iH^en  altogether  olj^itruL'ted  in  coiiseqnenco  of  th«  posi- 
tion of  the  second  prism,  tlien,  if  lH-twi)en  the  two  pri^tnis  a  plate  of  rook- 
crystal,  fonnwl  by  n  section  at  right  an^rU'S  to  the  principal  axis  of  the 
crystal,  be  iuterpcwied,  the  light  jwlarized  by  the  firHt  prism  will,  by  pass- 
ing  thrnngh  tlie  pl.ite  of  quartz,  he  enahhxl  partially  to  p.Ls:j  through  the 
BfKond  Niohors  prism.  Its  passage  through  the  second  prism  can  then 
agaiu  ho  interrupted  by  turning  the  second  prism  round  to  a  certain 
extent.  The  rotation  reiquired  varies  with  the  thickness  of  the  plate  of 
rock-crystal,  and  with  the  color  of  the  liglit  employed.  U  increases  Crum 
red  in  the  following  order — ^yellow,  green,  blwe,  violet. 

This  property  of  rock-LTVStal  was  discovered  hy  Arago.     The  kind 
polarization  has  been  called  circular  polarization.     The  direction  of  tbff'' 
rotation  is  with  many  plates  towards  the  right  hand  :  ia  other  plates  it  is 
towanls  the  left.     The  uiie  class  is  said  to  poaseifs  right-handed  pularizo^,^— 
lion,  or  to  be  dcMrorotatortf  or  d^rtroft^rate;  the  Other  class,  to  poMeM  lefM^| 
bondivl  polarization,  or  to  be  Irton/tatory  or  le\rogtfraie>     For  a  long  Um^^l 
quarts  was  the  only  solid  Ixxly  known  to  exhibit  circular  polarization. 
Others  have  since  l>ei'n  found  whieh  posstjsa  this  property  in  a  far  higher 
degree.     Thus,  a  plate  of  cinnabar  acta  fifteen  times  more  powerfully  thj 
a  plate  of  quartz  of  equal  tliiokness. 

Biot  observed  that  many  solutions  of  organic  aabstances  exhibit  tl 
property  of  circular  polarization,  though  to  a  far  less  extent  than  rwl 
crystal.     Thus,  solatinns  of  cane-sugar,  glucose,  and  tartaric  acid,  jmws****' 
right'hand<.>d  polarization  ;  whilst  albumin,  uncrrstallizable  sugar,  and  oil 
of  turpentine,  are  left-handed.     In  all  these  solutions  the  amount  of  circular 
polarization  increases  with  the  concentration  of  the  liquid,  and  the  thick- 
ness of  the   column  through  which  the   light   passes.      Hence,   circnlar 
polarization  is  an  imjiortant  auxiliary  in  chemical  analysis.     In  order  to 
determine  the  amount  ut  polarization  which   any  liquid  exhibits,  it  is  put 
into  a  glass  tube  not   less  than  from  ten  to  twelve  incites  lung,  which  ia 
aloted  with  glass  plates.     This  is   then   placed  betwwn  the  two  Nicliol's 
prisms,  whtdi  have  previously  been  so  arranged  with  regard  to  each  other 
that  DO  light  oould  pass  through.     An  apparatus  of  this  desoripUon,  tht) 
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»Aflr1i»rimet«r,  fs  lueii  for  flaUrmlning  the  conoentration  of  •olatlonti 

"'   ,.-ta. 

a   of   this    htstriim«'nt    is  phrfvrn   in  fig.  53.     Thp   two  Ntrhol't 
inclodtyl  in  the  corrrtpoiwiing   fAAtt'ninpi  o  and  6.      Brtwcrii  tha 

Iwn  tli.-re  i*  Ji  apace  to  riMV>ive   Ihe   liiU»,  whirh   if  filled  with  the  anlutlon 

of  4Uf«r.     1/  the  prUixui  are  t'ro»seil   iu  the  wajr  above  mentioned 


lube  in  put  in  it«   place,  that  i»,  if  thojr  art?  plAccd  tto  tlial  no  light 
thi'in,  then,  by  the  action  of  tho  Bolutimi  of  fiugur.  thf  liglit  in 
to  posa,  and   the   Nichol's    priittn,  a,  muat    be*   turiM*<l    Ihrou^rh   n 
t\r\  an^U  b^^fore  the  light  U  again  iwrfectty  stopjM^I.     The  ina^itndt? 
110  an)*lu  ia  ohnerv4?d  uq  thi*  circular  di«k  m  «,  whirh   Jh  diridrd    into 
upon   which,  by  thf    tuminijr  o(  (hr*   prJHni.  nn    indrx  x  ift 
the  divipion.     Wlifn  the  lube  ifl  fxactly  Wn  incht-H  lonjr,  and 
!h  fitdH  hy  Itftt  kI'^'*  plati^,  nnd  wh«-n  it  i<t  filb-il  with  solution 
lining  10  ]M'r  nrnt.  by  wi>it;lit  of  cane-suKar,  anil  frw  from  any  nibiT 
iketance   ptWHeesin;;  an  notiun  on  lifirht,  tho   angle  of  rotation   for   the 
liddt**  yi'Ilow  Ttiy  in  19. (P.     Now,  tbo  roagnitiidu  of  thi<4  angle  isdirootly 
Liortal  to  tb^  length  of  the  ooliimn  of  liquid,  and  also  to  the  quau- 
•ugar  In  »nlution.     If,  tlier'-forR.  a  Moliiiiim  rontaininjr  ?  per  ri?nt. 
it  of  flngar  in  n  tnbc  '  intdi**s  lon^,  produfo  a  rotation  equal  to  a 
t,  the  pdro«ntat;«  of  lugar  will  be  yiveu  by  the*  cquatiuu — 
a  I         r 
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This  proci'aa  is  not  sudlcieut  wlton  tbu  soUiLion  contains  eane-sugu* 
nncr^'stallisable  sugar  ;  for  thu  latttT  rotiitcB  Uie  ray  to  ihc  loft ;  in  thl 
cn»«  onljr  tbo  diffcronco  of  tho  two  actions  in  obtaine<l.     Hut  if  the  wbc 
quantity  uf  sugar  be  chaii;(eil  inb^  uncry-ttnlliitablD  t!Uji;ar,  and  tbo  cxpci 
niont  bo  rejwatod,  then  from  (he  results  of  the  two  obscrvationa  the  quan-' 
tity  of  b<jth  kiutln  uf  8Uj;ar  cau  easily  Ijo  calculat^-'d. 

It  i»  difficult  to  lind  oxartly  that  ptisition  of  tbi*  Nichora  prisuu  in  vbloh 
the  greati'St  darkueas  prevails.  To  maUo  th4>  mpasureiuontd  louro  exact 
and  L'a!iy,  Sluloil  baa  uiailu  uuiue  additions  to  tbo  apparatus,  ^t  (f^  Ix^foro 
tbfl  priiim  6,  a  plate  of  ruok-crystal  cut  at  right  angUta  to  tbo  axia  ia  plai:«^I. 
It  la  (livldfd  in  the  centre  of  the  fiold  of  vidiou,  half  eousiiitiiig  of  quarta 
rotating  to  the  right  band,  and  half  of  tht*  vnriety  which  rotatc-a  to  tha 
Ifft ;  it  is  0.148  inch  (3.76  millimetnw)  tluck.  thia  ibicknoea  biing  found 
by  uxptiriueut  to  produro  the  grralrst  difference  in  the  color  of  the  two 
halrM,  when  on«  prittm  ia  itlightly  rotattsl.  Tba  solution  of  angar  baa 
precisely  tho  saino  action  on  tiio  rotation,  since  it  iuuruasi'S  the  actitm  of 
the  half  which  hua  a  ri^^lit-haudiNl  rutation,  and  lessens  the  action  of  the 
half  which  rolatt-a  to  the  left.  Uence  the  two  halves  will  assume  a  diiTer- 
tiut  color  when  tht*  smallest  quantity  of  su^ar  is  present  in  tho  liquid.  By 
slightly  turning  the  Nicbul's  prism  u,  this  difference  can  be  again  removed. 
Soleil  hoa  iutroiluotNi  aiiuthor  more  delicate  means  of  eJTeeting  tht^,  at  tho 
part  /,  which  he  calls  thu  compensator.  The  mont  important  parts  of  this 
are  separately  reprt«ent«'d  in  fig.  B3.  It  consists  of  two  exaclly  etpial 
right-anjjled  prisms,  of  left-banded  quartz,  Mhuse  surfaces,  c  and  c',  aro 
cut  perpendicular  to  the  optic  axiti.  Thirso  prisms  can,  by  means  of  tho 
srirow  17  and  a  rack  and  pinion,  l>e  made  to  sliile  on  one  another,  so  that, 
when  taken  togcthi.T,  they  f<trm  a  plato  of  varying  thickness,  bounded  by 
parallel  surfaces.  One  of  the  frames  lias  a  scale  ^  the  other  a  vernier  n. 
\Vheu  this  points  to  zero  of  the  scale^  thn  opticai  action  of  the  two  prisma 
ia  exactly  compensated  by  a  right-handed  x>late  of  rock-crystal,  so  that  an^J 
elfeot  is  obtained  as  regards  circular  piilarization,  as  if  tho  whnle  systenn^ 
were  not  present.  Aa  soon,  however,  as  the  screw  i&  moved,  and  thus  the  '' 
thickiiMHs  of  tho  plate  foriu»'<l  by  thu  two  prL.sius  ia  changed  (we  will  sup- 
poni*  it  increased),  thiuj  a  left-haudM  action  ensues,  which  miwt  Xto  pro-^ 
perly  regulated,  until  it  compensates  tho  opposite  action  of  a  snhition 
BUgnr.  Thus  a  convenient  method  is  obtained  of  rendering  the  ci>lor 
tho  double  plato  uniform,  when  it  has  ooascd  to  bo  so  by  tliu  aolion  of 
■agar. 
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Faraday  made  the  remarkable  discovery  that,  If  a  very  strong  cleotrio 
current  Ikj  passeil  round  a  sulietaneo  which  iMKsesses  the  property  of 
circular  polarixation,  the  amount  of  rotation  ia  altered  to  a  consideraUe 
degree.  .^^ 

Ubatiho  akd  CmnciCAi.  Rays  of  thk  Solar  Spermrv. — ^Tho  laminooi^l 
rays  of  the  sun  are  accompanied,  as  already  mentioned,  by  othtuv  which 
posaoaa  heating  jmwera.     If  tlit*  temperature  of  the  different  colored  spaces 
in  tho  BiHVtrnm  be  tried  with  a  delicate  themiometer,  it  will  be  found 
increase  from  the  violet  to  tho  rwl  estreuiity,  ajid  when  tbo  pri»m  ia 
some  parliuutar  kimls  of  glaafl,  the  grtyitest  elfect  will   be  manifystod 
little  lieyoud  the  visible  red  rays.     The  position  of  the  greatest  heatii 
efTect  in  th«  spectrum  materially  depends  on  the  al«orptivo  nature  of  tl 
glass.     Transparent  though  this  medium  ia  to  the  ra\-s  of  light,  it  never- 
tholeas  abaorba  a  considerable  quantity  of  tho  heat  rays.     Transparent 
rock-salt  is  almost  without  alwirplive  action  on  the  thermal  rays.     In  the 
spectrum  obtained  by  paaning  the  aolar  rays  through  prisms  of  rook-gait, 
the  £!Te>*ti»t  thermal  effect  is  found  at  a  position  (ax  beyond  tho  last  visible 
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red  rajl.  It  h  Inferred  from  tliia  that  tbe  chief  moss  of  the  heating  ny^ 
of  ihe  sun  are  among  tbo  least  refrangible  components  of  the  solar  beam. 

Again,  it  has  long  been  known  that  cht^mtoal  changes  both  of  coublna- 
tioa  and  of  (lt;con)pOA)ttMn,  hut  nitin*  particularly  thn  letter,  can  be  effected 
bjr  th<*  action  of  liglit.  (*hlorIne  and  hylrot'i-n  combiru'  at  common  tcm- 
p>?raturc9  onljr  uiwler  th«  Influeucu  of  light  ;  ami  parallrl  caai^  ortiir  in 
grrat  nnmbf-ra  in  organic  chemistry.  The  bl.iokoning  and  docotupo'titlon 
of  silver  ealta  are  familiar  iustancfS  of  the  nhtnniual  ]>uwer8  (pf  thti  same 
agent.  Noir,  it  is  not  always  tho  luminous  part  of  the  ray  whii^  nfftH'ts 
the9«  changis  ;  they  are  ehieily  produced  by  certain  Invisible  rays,  which 
accompany  the  others,  and  aro  found  mo«t  abundantly  U-yond  the  violet 
part  of  the  spectrum.  It  is  there  thnt  certain  cbemical  effects  aro  moat 
narked,  although  the  intensity  of  the  light  Is  eiceediugly  feeble.  Tlu«e 
chemically  acting  rays  are  sometimes  calktl  actiMc  raifn  (^axtU,  a  ray),  and 
the  ehi-nilcal  nclion  of  Runlighl  is  culled  arJinitm;  hut  ihuse  terms  aro  not 
Tcry  Wf'U  chosen^  The  ch<>inical  rays  are  thus  directly  opiMtced  to  the 
heating  rays  in  the  common  spectrum  in  their  degree  of  ivfrangibility, 
■inee  they  exceed  all  the  others  in  this  ri«pect.  Tlie  luminous  rays,  too, 
under  peculiar  coniUtious,  e-xert  ducumposiug  powers  upon  silver  salts. 
The  result  of  Ihe  action  of  any  ray  depends,  moroovcr,  greatly  on  the 
physical  state  of  the  surface  on  which  it  falls,  and  on  the  chemical  cun- 
stitutinn  of  the  body  ;  iodeeil,  f"r  every  kind  of  ray  a  fulwtance  may  h** 
found  which  under  particular  circumstances  vlU  bo  affeet»^l  by  it;  and 
thus  it  ap|H'ars  that  the  chemical  functions  are  by  no  means  conf!nu<l  to 
any  set  of  rays  to  the  exclusion  of  the  rest. 

rpon  the  chemical  changes  prwluced  by  light  is  based  the  art  of  ;>Aor(V 
yro/iAy,  In  the  year  160t2  Mr.  Thomas  WedgwwKl  pro|Kwii|  a  method  of 
eopying  paintings  on  glass,  by  placing  behind  them  white  paper  nr  leather 
moisU*nnd  with  a  solution  of  silver  nitrate,  which  became  deeonipos<v|  and 
blackened  by  the  transmitted  light  in  proportion  to  the  intensity  of  the 
htter  :  and  Davy,  in  repeating  these  experiuients,  found  that  he  could 
thus  olftain  tolerably  accurate  represientatiuns  of  objects  of  a  texture  partly 
opai|ne  and  partly  tranj^parcnl,  snch  aa  leaves  and  the  wings  of  insects, 
and  even  ropy  with  a  certain  d**gree  of  anwcss  the  imag<>s  of  small  objects 
obtained  by  the  solar  micniBoope.  These  i>ictiii»*8,  however,  riKjuire*!  to 
be  kept  in  the  dark,  and  could  only  be  exaniin«sl  by  candle-llglil,  other- 
wiao  they  became  obliterated  by  the  blackening  of  the  whole  tturface,  fnmi 
which  the  salt  of  silrer  could  not  b*'  removed,  Tbesn  attempts  at  light- 
painting  attracted  but  little  notice  till  the  year  183l»,  when  Mr.  Fox  Talbot 
puhlishetl  his  plan  of  **  photogenic  dr.iwing."  This  con.sij(t"'d  in  ex[>08ing 
in  the  camera  a  paper  nnakcd  in  a  weak  solutinn  (if  I'omnion  salt,  and  after- 
wards washed  over  with  a  Htrong  solution  of  nitrate  of  stiver :  the  imago 
thns  obtained  was  a  nrgaiirt  one.  the  lights  being  dark  and  the  shadows 
light,  and  the  pictures  were  fixed  by  Inunersion  in  a  solution  of  »immon 
salt. 

Many  improvements  have  been  made  in  this  process.  In  184]  Pox  Tal- 
bot patented  the  beautiful  process  known  as  the  '*TallK>ty])e  or  Calotype 
pfooess,"  in  which  the  pap*'r  is  enat»?<l  with  silver  iodide  by  dipping  it  first 
in  silver  nitrate,  then  in  pntof^sinui  io<lide. 

Taper  thus  prepared  Ib  not  s«'n3itive  prr  $r.  to  the  action  of  light,  but 
may  be  rendered  so  by  washing  it  over  with  a  mixture  of  silver  nitrate  and 
gallic  or  acetic  acid.  If  it  be  exposed  in  tho  camera  for  two  or  three 
minuteff,  it  dors  not  receive  a  vinible  image  (unless  the  light  haa  been  very 
strong);  but  still  the  compound  has  undergone  a  oertain  change  hy  the 
Influence  of  the  light;  for  on  onbeequently  washing  it  ovor  with  the  mix- 
tare  of  silrer  nitrate  and  acetic  or  gallic  arirl,  and  gently  warming  it,  a 
negative  image  comes  out  on  it  with  great  difitincinesB.     This  Imago  is 
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Jixeti  by  washiuf,'  tliu  puper  with  ftoditiin  bypii&ulpliite,  wliit'U  rumovvu 
w]iol<A  of  tiiu  Mtlver  iixlide  not  acttxi  upon  by  the  light,  aud  thu«  protw 
the  piciurc  frttru  furtUer  change  by  exposure  to  lighi.  Thu  negative  picii 
tliU:!  obtatntrd  i.s  rvmltrreil  traititparciit  t>^  pla,ciiig  it  U'luouu  twAi  bUvrU 
blottiug-paper  ualurau^d  vrith  white  wux,  and  parsing  a  imxloratL-ly  hvat 
suoolhinj^-iron  uvvr  tbu  ubnle.  Il  may  tlu-n  bv  utivd  for  printing  posit 
picturm  by  laying  tt  nn  a  »hfi>t  of  ptiptrr  prepuitHl  with  cbluridt;  or  iudi 
of  silver  and  vxpoding  ii  to  t)u<  ijuii. 

A  moift  intiK>rlaut  Mttjp  in  tht;  progress  of  photography  la  thu  subetitn- 
tion  of  a  tranBpanmt  lilm  nf  todixod  collodion  or  albumin  spread 
U|>un  glasSf  for  tUo  iodized  paper  UEtil  in  Tall)ot^6  proceSB,  to  nx^ivu  the 
nugativo  imaf^u  in  tho  camera.  The  pro<.v-«s  is  thus  runderfd  wj  much  iuor« 
certain  and  rapid,  and  th«j  pi>sitivo  picturca  obtained  by  tran»ft'rring  Lli*? 
iiugalivo  to  pupiT  proparinl  with  chluride  or  iodidu  of  silver  art'  found  to 
bo  »o  much  rtharper  in  outlint^,  than  whim  tho  transference  ocfwn*  through 
paper,  ns  in  thu  talbotypc  procfs^,  that  this  method  ib  now  universally 
umployiMl.  In  tliin  pruLvsM,  as  in  that  uf  the  Calutypc,  tlu?  image  pro<IuL*e<l 
in  the  eaiunra  i^i  a  latent  one,  and  reqnirpH  development  with  antwtanoea 
Buah  08  pyrogallic  acid,  or  ferrout}  eulpliate,  which,  liaving  a  tendency  to 
absorb  oxygen,  induce,  in  presence  of  sdver  nitrate,  the  reduetiuu  uf  th« 
chloride  or  itidide  to  the  metallic  state.  For  a  description  of  the  btrHt  app&- 
ralui)  and  latest  pnxjessea  used  in  the  colltKlion  toethod,  the  rt-ader  may 
consult  Uardwiuh's  "  Manual  of  Photographic  Chemistry." 

tiir  John  Ileraehfl  has  shown  that  a  great  nnm)i<'r  of  other  suhstanceft 
can  be  einploytttl  in  tln'ao  phutographiu  prooebsea  by  taking  advantage  of 
the  deoxidizing  etfevts  of  certain  ptirliona  of  the  solar  rays.  Paper  washed 
with  a  solution  of  ferric  haU  becomes  capable  of  receiving  Impressions  of 
this  kind,  which  may  afterwards  be  made  evident  by  potassium  ferricy- 
anide,  or  gold  chluritle.  Vt*getable  (xdors  are  also  acted  upon  in  a  \vry 
curious  and  apparently  definite  manner  by  the  difforent  porta  of  the  spec- 
tram. 

The  daguftmaynr^  tho  announcement  of  which  was  first  node  in  the 
summer  of  IbltD,  by  M,  Daguerre.  who  had  been  occupied  with  this  sub- 
ject from  lS2t>,  if  not  earlier,  \a  another  remarkable  instance  of  the  decom- 
posing effects  of  the  solar  rays.  A  clean  and  highly  polished  plate  of 
ailvererl  copper  is  exposed  for  a  certain  time  to  the  vapor  of  iodine,  and 
then  transported,  to  the  camera  obscnra.  In  the  nioet  improved  state  of 
the  prucitiH,  a  very  short  time  snffictf)  for  effeeling  the  nccc^ssary  change  in 
the  film  of  (diver  to<lide.  The  picture,  howevej,  becomes  visible  only  by 
exposing  it  to  the  vapor  of  mercury,  which  attaches  itself,  in  the  form  of 
ezoce^lingly  minute  globules,  to  thwo  parts  which  have  been  most  acted 
upon,  that  is  to  say,  to  the  lights,  the  shadows  being  formed  by  the  dark 
polish  of  the  metidlic  plate.  Lastly,  the  plate  is  washed  with  sodium 
hyposulphite,  to  remove  the  undcoomposed  silver  iodide  and  render  it  per- 
manent. 

Since  Daguerre'a  time  this  procwjs  has  undergone  oonislderable  improv«s 
ments  ;  amongst  these,  we  mav  mention  the  expOBUre  of  the  plate  to  the 
vapor  of  bromine,  bv  which  the  aenaitiveneea  of  the  film  is  greatly  in- 
erf^ed,  and  the  re<iuction  of  metallic  gold  upon  the  surface  of  the  film 
during  the  process  of  fixing,  by  which  the  lights  and  shades  of  the  picture 
are  rendered  more  efTecUve. 

Etching  and  lithographic  processes,  by  combined  chemical  and  photo- 
grapliio  agency,  promise  to  lie  of  considerable  utility.  The  earliest  is  that 
of  i*ii*pce  :  he  applied  a  bituminous  coating  to  a  metal  plate,  npon  wluch 
an  engraving  was  superimposed.  Tho  light,  b<Mng  thns  partially  inter- 
rupted, octod  nneqnallv  npon  the  varnish:  a  liquid  hydro-carbon, /i«fro- 
laoik,  used  ai  a  sglvent,  removed  tho  bitonien  wherever  the  light  hod  not 
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MJAntring  AcId  could  now  bit«  the  DDprotc«t«d  meUl,  whitUi 
^enl^uJj  be  printed  from  in  the  aiuol  way.  Very  suooessfal  r«suJt» 
Lve  alfto  hoi'H  obt&infHi  by  M.  Fizt^au,  who  flahmits  Ihn  riagiierreotype  to 
M  aotion  of  a  mixture  of  dilute  nitric  juid,  cr>nuT  ^-^  ^'•'«  nnd  pottMinm 
Ibmte,  when  Ihv  silver  only  is  ftttackcfl,  the  nv  -  i    )>nrtion  nf  tin* 

rensting  the  acid  ;  an  etching  is  thti9obt>.  wing  minutely 

lU  and  shadows  of  th«  picture.     To  de'.'p'>ii  this  rlrhiiiu,  thft  silver 

formed  is  rentovwl  by  uiinionia,  the  plAl«!  1h  iHiibil   in  canstio 

la^h  and  Again  treatwl  vith  acid,  and  so  on  till  Ih?  ftr-hinj;  is  nf  sufS- 
•nl  di*pth.     8oni<>timrs  electro-gilding  is  resorted  to,  and  an  engraving 
ia  nse»l  to  get  still  more  jKiwerfwl  impressions. 

ig  recent  mtults  ar»  tli'we  ohlain«Hl  by  Mr.  TalMt  on  steel  pUt-ca  : 
a  mixture  of  {wtaniiiuin  bichromate  and  gelatin,  irhi<-h  hanrlrns  hy 
mro  to  th**  light;    the  parts  not  afleeted  are  removivl  by  w&.Miing. 
tatinom  tetrachloride  is  used  as  an  etching  liqtiid  ;  it  has  the  advantngv 
biting  with  greater  regularity  than  nitric  arid. 

The  Mtumen  process  of  M.  Ni^pce  has  been  applied  to  lithographio  stfine ; 
(I  f»OHitivi-fl  ohtftiniHi  from  negntivo  tallmtype*  haro  bei^n  printed  off  by  a 
iljtication  of  the  ordinary  liihoirrapbie  procra§.  M.  Nf*pr«  finds  that 
ler  diiisolvM  the  altered  biiuiurn,  whili^  naphtha,  or  benzol,  nttnrka  by 
fcreoee  the  bitamen  in  its  normal  oonditinn. 
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MAGNETISM. 

A  PAnnrCLAn  Bpecies  of  iron  ore  hrw  long  been  romarkablo  for  its  propel 
of  attrnt-'tiiig  biii.'iU  pk'ceH  of  iron,  aii<l  oautfiu};  tb«m  to  aUhere  to  its  surfji 
it  id  caliiHl  lofuUtnno  or  ma^utic  iron  oro. 

If  n  jtiticu  uf  thiu  loadatoiiQ  b<>  corufully  examined.  It  will  \h)  found  tltat 
tho  AttrActive  force  for  partidfs  of  iron  Is  proati'si  at  certain  particular 
puinta  of  tU  Burfaoo,  while  cbow'hero  it  in  much  dimluishod,  or  cvon  all 
getlivr  abaent.     Tbt-Bo  attructivo  puintit  aro  dcuomlnatud  poles,  and  tl 
loailntono  itsulf  Is  Raid  to  he  endowi-d  with  mafpietic  polarity. 

If  ono  of  tho  pok'-Burfaci'B  of  a  natural  UiadRtono  Ihj  rublied  iu  a  particu- 
lar iiuiuncr  owr  a  bar  uf  utofl,  its  charaoU'ristic  projH-rtii's  will  Uv>  counuu- 
nicatcd  to  tUo  bar,  wbiib  will  then  be  found  tu  attract  iron  OUngs  liku  tbo 
loadi^tono  itiiulf.  Further,  tho  nttractivo  forvo  will  ap|H*ar  to  Iw  grcatuvi 
at  two  points  eituated  very  noar  the  extn-miti^^a  of  tbu  bar,  and  h'.i»t 
all  towanla  the  miihlle.  The  bar  uf  stool  bo  truatod  ia  said  to  Im  magui 
izci,  or  to  conatitutu  nn  artificial  luaj^iiL't. 

When  a  ina;rnt'ti/<<d  bar  or  natural  magnet  ia  auspondnd  at  its  oontre 
any  c<^nTf>nii>nt  manner,  so  aa  to  bo  frt-e  to  mnvu  in  a  hniieontal  plane, 
is  always  found  to  assume  a  particular  direction  with  regard  to  the  cartl 
one  end  j>ninting  nearly  noKh,  and  tho  other  nearly  m>uth.    This  directiuA' 
varies  with  thu  geographical  position  of  the  plai  e^  and  is  dtlTerent  also  at 
tho  ttame  plaoe  at  diflerent  timefl.      In   Lomlnti,  at  llie   prK<44'nt   time,  the 
JiL'eillo  points  19^^  32'  west  of  tho  aetrononiicnl  north.     If  the  bar  In?  niovo^i^y 
from  Hum  positinii,  it  will  tend  to  reas8UUio  it,  and,  after  a  few  osrillaliuna/^^ 
Hettle  at  r<*st  afl  before.     Tho  pole  which  jwinta  towards  the  aHtrononiieal   * 
north  is  usually  distinguishod  ae  the  north  pole  of  tho  bar,  and  that  which 
points  southward  aa  tho  floulh  pole.  .. 

A  magnet,  either  natural  or  artlfldnl,  of  symniutrical  form,  suBpondfld^H 
in  tho  presence  of  a  second  magnet,  aervf.-s  to  exhibit  certain  pheuomeni^^S 
of  attraction  and  repulsion  which  deserve  particular  attention.     When  a 
north  pide  is  presented  to  a  south  pole,  or  a  south  pole  to  a  north,  attroo- 
lioa  ensues  between  them  ;  tho  ends  of  tlio  bars  approach  each  other,  and, 
if  permitted,  adhero  with  considerable  force ;  when,  on  tho  other  hand,  a 
north  ptde  is  brought  near  a  second  north  pole,  or  a  south  )K>le  near  another 
sonth  pole,  mutual  repnl.f>ian  is  observed,  and  tho  enda  of  the  bjirs  reci-d^" 
from  each  other  as  far  as  possible.     /Wm  t^un  opjHaile  name  attmctf  and  poit 
of  a  rimilar  name  rfj*el  each  oth^r^     Thus,  a  small  bar  or  needle  of  steel,  pi 
pi!r1y  mngiietized  and  snsponded,  and  having  lt;i  pobv  marked,  bee 
an  instrument  litted  not  only  to  discover  the  existence  of  ma^etic  pownr 
in  other  bodies,  but  to  estiiuato  tho  kind  of  polarity  affected  by  their  dif- 
ferent parts. 

A  piecu  uf  tiofl  iron  brought  into  the  neighborhood  of  a  magnet  aoqnij 
iUolf  niagn«'tio  properties:  the  intensity  of  the  power  thus  conferred 
Llfimda  upon  that  of  the  magnet,  and  upon  the  space  which  divides  the  two, 
Mooming  greater  as  that  space  decreases,  and  greatest  of  all  in  actual  con- 
tact. The  irtin,  under  these  circumstances,  ia  said  to  Ite  magnetize*!  by 
induction  or  iuflu<*nce,  and  the  elfect,  which  reaclies  its  maximum  in  au 
instant,  Is  at  onoo  defslroyod  by  removing  the  magnet. 

M'ben  8t<i'l  is  au1>:itituiLil  for  Iron  in  this  (.'Xiteriment,  the  indnctii 
Action  is  karUly  pvrcvpUblo  at  ''  nuuiifent  only  after  tl 
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of  a  onrtaixi  tima :  in  this  condition,  when  Iho  «t«el  b*r  !•  rmuovi^l 
im  th«4  magTiM,  it  rvtuna  a  pf>rtioTi  of  thv  indtiiMwl  polarity.     It  br4«mii*9, 
*c<l,  A   [>^*mulDl^nt  uuignet,  Hiruilnr 

ftnt,    and   retairu   its    pi*cuUar  Klg  U. 

if!^  fur  an  iDiiefloitc  liiu>'.    TLis 

ux'  which  rUm'I  alwnj-g  ntfen  in 

a  greater  or  levs  di>grc«  >x)tli  to  tlic  do- 

_TOOpinent   of    ma^nctUm   aiid   to   tta 

ibftiiiiuoiil  ileeitruetioa,   is  culled   upr- 

iV  ffterriiv.  poir^r* 

Th*.'  mlo  which  r(^ulAt««  tho  Indu'-- 

in  i»f  Uia)(iirtic  potnrity  in  all  cM*f»  i-i        fi^^«^«    ^e^aH^^^HM 

'y  ittin|tl«<,  auil  mont  iinfK.rt-       I  ^tHBI    P^^^^^*1 

TiiemlM.'rod.     The  |K)le  |»ri>- 
_  .  \aj-g  of  the  op[M^iMili^  iiatii>< 
that  which  priwluccd  it,  a  norlli  ik^Io 
^duping  tkjQth  polaritj,  and  a  twiulh 
rtt?  north  polaritj".     The  norti*  jxtlo 
ihf  iDa<rn**t  fi^urwl  in  thi.-ftkrtch  tn- 
'  p4»laritr  in  aH   thi*  n^AriT 
i.\  of  iho  pitx'ws  of  iron  ur 

ji  Hurruund  it,  and  a  staler 
niUr  tn  its  oirn  in  all  thi^  morti  rt-ntoto  fxtrt^niitifs.  Tlit*  iron  thus  xnag- 
!tij(sl  is  c.ipabK*  of  exerting  a  similar  iiiductiviT  action  t>u  a  scicond  piece, 
*\  that  ujMiu  a  third,  aud  »o  to  a  prwal  number,  th«  inten»it/  of  thu  fon>e 
linishiug  as  Ihn  distanrti  from  Ihi^  porniani'nt  magnet  inarea»u«.  It  i« 
thid  wajr  that  a  matin^t  is  ouabU*d  to  liuld  up  a  number  of  itumll  pliHVW 
irun-  or  a  bunrh  of  tilings,  each  Heparat«  pie>ce  Iwvoming  for  the  time  a 
i|piet  hy  induction. 
Magnetic  polarity,  tiimilar  In  degr««  to  that  which  Iron  presents,  Itaii 
lund  onl/  in  bouo  of  tbo  o(>inpounda  of  iron,  in  nickel,  attd  iu 

)Uo  attractions  and  repulxions  aro  not  in  the  slightest  dej^ret'  iiitrr> 

ivith  \iy  the  interjiociition  of  Biilistancrft  ile«.titutv  of  max^etlc  proprr- 

Tltiiik   plates  of  glasit,  tlielUo,  niotats,  wood,  or  of  any  nuhetiuioev 

tcopt  those  alxtve  mt-ntioned,  may   bo  placed   between  a  niagiu*t   und  a 

ip<:ndu4l  neetlle,  or  a  pieco  of  iron  under  it«  inrtueiico,  the  di«taii«e  U-iUtf 

ler^'M.  without  thu  least  percoptiblo  alteration  in  its  atlractiv*'  pow»*r, 

forcn*  of  induction. 

One  kind  of  polarity  cannot  Imi  exhibited  without  the  other.      In  oth»T 
a  m.i;fni;tic  jtrdc  cannot  be  isolate<l.      If  a  um^netixM  l^r  wf  M«-l 
broken  at  its  neutr.il  point,  or  in  tha  middle,  waeh  nf  the   >'Tiik 
tnirea  an  opposite  pole,  so  that  tmth  pftrtions  of  the  bar  > 
'ts  ;  and,  if  the  division  Iw  carriwl  still  further,  if  lb' 
»to  a  hundn^   pierr-A,  endi   fragme4it  will  h«  a  oouiplete  ni»ti;i***i 
own  north  and  Bi>uth  poliM. 

TliU  ex|wriro».mt  nerv*  to  show  very  clearly  that  llw«  mj'pax*^r  y 
the  bar  in  the  consequeuc*»  of  the  polarity  of  ea<ch   iudty'tAuu.    ^ 

ie  pol«  of  the  bar  U^in^'  merely  pnints  throuj,'h  whi<b  t) 

11  thr-ii*'  fore***  pa:<s  ;  the  largest  ma^rnf-t  is  ma^ie  op  of  r. 

little  laagTiets  recularly  arrar;?wl  Ride  by  side,  all    )   - 
>1«  looking  OHB  Wf»y,  and  their  woth  jHdc!*  th«  ath<!r- 
m  of  ftut-h  a  Hv^tem  cannot  po*sibly  exliibit  attractivK  >•*  i 
an  ixt»*riial  hody,  l«*<:anst'  each  pole  'm  in  cl-we  jfixt^i- 
an  oppo«it«  namo  and  of  equal  p'>wpr.     Henoe  tl*-^' 
[kertM  in   opiKwito  diroclions,    aiid    neutralize  ***  V      •' 
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Such  will  not  b«  the  cue  at  the  «xtreaiiUt»  of  the  bar ;  there  unooupoo- 
Mterl  polATity  will  be  found,  ciipablt)  of  ex«rtuig  Ita  specific  power. 
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Ttiiit  iflea  of  reguUr  polarUation  of  particle  of  uuittf^r  in  virtno  of  a  p&fr 
'  oppoditt*  and  tM^ual  furei>9.  is  not  confined  U*  magnetic  ph**nnm(*na  :  it  is 
thn  Ivuling  priiunple  in  f<ltH!trU'al  :<oit'noi*,  anil  ia  tvuiittantly  repruduoMl  iu 
■ome  form  or  otUor  iu  ever/  diBcusaiou  luvoUing  the  consideration  of  multo- 
cular forceH. 

Artinrial  at«^l  magnptii  arn  ntmlo  in  a  great  varioty  nf  forms  ;  snch  ta 
small  light  noodles,  mouuttMi  with  an  agau*  cap  for  BU8p**n8[on  uimiu  a  finn 
point ;  straight  barn  of  various  kinds ;  bars  curved  into  thu  shafm  uf  a 
horite-Bhm>,  I'Ir.  All  these  have  regular  polarity  communiL'atfd  tu  tlwrn 
hy  wrtaiu  proccHUKH  of  rubbing  or  touching  with  another  magnet,  which 
require  care,  but  are  not  othvtrwiae  difficult  of  execution.  When  great 
power  is  wi:ihe<l  far,  a  nuniU'r  of  bars  may  be  screwed  together,  with  their 
similar  ends  in  (xmtaot,  nud  in  this  way  it  is  easy  to  ooustruct  permanent 
sUh.'I  ma^^uets  capabb*  of  Bustainin^  ^roat  weif^hts.  To  pn^veut  the  j^radual 
iwtruction  of  majcnetic  force,  which  would  utherwi.'ie  ixxiiT,  it  is  usual  to 
arm  each  pole  with  a  piet«  of  soft  iron  or  keeper,  which,  l»eooming  mag- 
netizpd  by  induction,  serveii  to  sustain  the  polarity  of  the  bar«  and  in  some 
cases  even  IncreaiieA  its  energy. 

Ma^etism  is  not  poculiar  to  thead  substances  which   hnro  more  (spe- 
cially lHy«n  calbnl  magnetic,  Huch  as  imn,  nickel,  cotuilt,  but  it  is  the  pro- 
perly of  all   mel.ilii,  tliouKh   to  a  munb  smftller  decree.     Verv  poverfkdl^H 
ma^neUi   are   riM|iiiri<d   to  show  this   remarkable  fact.      Lar^e'horse-shM^I 
niagnetd,  mode  by  the  action  of  tl»e  electric  current,  an?  l>ej*t  adapted  for^^ 
tliB    purpose.     The    majjnelio  amnion    on    ditrerent    suhstances   which    ar*» 
capable  of  being  eaijily  moved,  differs  not  only  aooording  t*>  the  sixe,  bul^. 
also  according  to  the  nature  of  the  substance.     In  i-onsequence  of  thidH 
Faraday  divides  all  Uxtii-s  into  two  classes.     He  calls  I  ha  one  magnMl^H 
or,  better,  paramnynrtw,  and  the  other  tiiamniptetic. 

The  matter  of  which  a  paramagnetic  (magnetic)  hodv  conoisU  la  attractM 
by  both  p.defl  of  the  lw.ri.^sho«  magnet ;  on  the  conlrarv.  the  matter  of  n 
diamagnelio  li.».ly  in  repelled.  When  a  small  imn  bar  is  hung  bv  nn- 
twHte.1  silk  lietwwn  the  i>o1m  of  the  magnet,  m  that  its  long  diameter  can 
easily  move  in  a  hnriwmtal  plane,  it  arranges  its-lf  axiallv.  that  la,  parallel 
to  the  straight  line  which  joins  the  po|e«.  or  to  the  magnetic  axis  of  the 
polos,  assumins  at  the  end  which  is  neareat  Ihft  north  pole,  a  snnth  pole, 
and  at  the  end  nearwt  the  nouth  p.de,  a  north  pole.  Wlienever  the  little 
bar  is  removed  fn.m  thifi  position,  it  returns,  after  a  few  iwciiUtiniifi,  to  iU 
previous  iKMiii.m.  The  whole  dasH  of  paramagnetic  l.odi.-«  behave  in  a 
preei«ely  «(miliir  way  under  similar  circumstanoeji,  but  in  the  Intensity  of 
the  elTects  great  dirTereneen  occur. 

Diaraagneiio  liodi.^,  on  the  cnntrnry,  have  fhotr  long  diamoterw  placed 
equatorially.  that  Is.  at  right  anele^   t.^  the  ningii.-ii,.  nxis.     Tlier  behaie 

as  if  at  the  end  opposite  to  each  pole  of  the  magnet  the  lame  kind  of 

polarity  exlatod. 

Ill  the  firHt  class  of  snl»tanee«.  beaidea  iron,  which  is  the  hnt  reprosei 
tatlve  of  the  class,  we  have  nickel,  cobalt,  mMifaxieae,  chromium,  oeriui 
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O^ninm,  pilUdiam,  pUtinum,  osmitim,  ftlDmminmf  oxyg(>n,  juu)  also 
moAt  of  the  roinpoumb)  of  thetm  Uorliw,  nio«l  of  tlti'iu,  even  whru  in  Hnlu- 
UfU,  Aecitrdiiij;  to  Karad.iv.  Uib  fuUowiu^  t)u1)«itancc«  aru  aliiu  ft.*vb]/  jtara- 
mn<:TiHiJc  (inA^netii;),— pA]»er,  i«*alinjt-WAx,  liuIiAU-ink,  iKirttrlaiUf  a.ilH-iiU'iei, 
fliior-^por.  minium,  cliiuabar,  biiioxid«  of  letnl,  sulphate  uf  xinc,  tounualiut;, 
graphite*,  and  t:liftre«jal. 

In  the  :^rcnnd  c\tiSA  art*  placed  bismuth,  autitnongr,  zinc,  tin,  cadmium, 
Eorlitun,  mercary,  load,  Kilvvr,  eupp«r,  gold,  antvaic,  uranium,  rUoiliuut, 
iridium,  tungstvu,  phcntphurus,  k^in<*,  sulpliur,  rhUirine,  hydritgtui,  and 
many  of  their  (^mpoundji.  AUu,  glutis  free  f^jiu  iron,  wau*r.  alooliul, 
ethi*r,  nitric  arid,  hytlmchloric  acid,  r«f»in,  wax^  olive  oil,  oil  of  turpvutiuo, 
ca<>uich<jur.,  sugar,  itlan^^h,  ^ni,  and  wtirid.     Tlicatt;  ar*^  dtamagniitie. 

Whi.Mi  diamagnKicand  jtaramag^aMic  budi^H  art*  L-umbiniHl,  their  pei!uUar 
properties  are  mor«^  or  !**«»  neutralized.  In  moitt  of  thea*^  conipiiundii, 
otx-a.<ioiuiUy  in  wjiistHjuene*'  of  th4>  pri«»'nc»f  of  a  vtrry  euiall  quantity  of 
iruu,  thi*  jwcullar  magiKrtic  powtr  r'.-inainii  morr  or  Uiw  io  exoess.  Thua 
green  tioUle-glaA;^,  and  many  varieties  of  crown  glaiu*  are  tnagnetic  in  con- 
aeqUfOc«  of  the  iron  ihey  contain. 

Id  otdvT  to  examine  tlit*  magnetic  propertittfl  of  liqaids,  they  are  placed 
In  Ti*ry  thin  gloria  tubes,  the  ends  of  which  are  thou  i-hjiieil  by  int-dling ; 
Ihey  are  tli*.'n  bung  horizontally  between  the  pules  of  the  ma^ct.  t'udt<r 
the  influence  of  poh*!*  aufficiKntly  piowprfnl,  they  U*j;in  to  «winj;.  and 
acc<>rdiBg  as  the  fluid  conteuta  are  paramagnetic  (magnetic)  or  diAma|:netic, 
they  assume  au  axial  or  etiuaturial  poaitiou. 

Faraday  haa  tried  the  magnetic  condition  of  ga«oa  in  difforont  ways. 
One  mi-thod  condiste*!  in  making  soup-bubble*  witli  tht;  gas  which  he  wihhed 
to  inventigute,  and  bringing  th»t«L>  near  the  pob-a.  Snap  and  wat4>r  alone 
U  fe«-bly  diAmagnclic.  A  bubble  filU-iI  with  oxygen  wan  «tr(»ngly  attract^Ml 
by  the  magnet.  All  other  gn»**'A  in  the  air  are  diamagnetic,  that  U,  they 
arr  repelled.  But,  art  Faraday  has  ahuwn,  in  a  diiTerent  way,  this  partly 
ariaed  from  the  paramngitetic  (uuiK'netii)  property  of  the  air.  Thus  he 
found  that  nitrogen,  when  thin  dil]'fr<-ntinl  action  wan  eliminated,  vm  |ier- 
fectly  indifferent,  whether  it  was  eonilens*Hl  or  rarefieil,  whether  r^mlfd  or 
he&tcd.  When  the  tenii>eralare  ia  raised,  the  diamagnetic  prciperty  of 
gaJH*  in  the  air  ia  increased.  Uence,  the  flame  of  a  candle  or  of  hydrogen 
i«  strongly  repelled  by  the  magnet.  Kvea  warm  air  is  diamagnetic  in  cold 
air. 

For  ftomc  time  it  had  bp«»n  believed  that  cryetalUzed  bodies  exhibited  m 
special  and  p^^aliar  Iwbavior  when  placeii  between  the  pol«^  of  a  magnet. 
ll  appeared  aa  though  Ihe  magnetic  direeting  power  of  the  crystal  had 
tiesDe  peculiar  relation  to  the  position  of  itH  nptie  axia  ;  ao  that,  indej>end- 
""•Blly  of  the  magnetic  property  of  the  KulvBtanre  of  the  crystal,  if  the 
eryatal  werw  prwitively  optical,  it  poHHesHed  the  power  of  plaoinj;  it«  nptio 
axi»  parallel  with  the  line  which  join«l  the  pob-s  of  the  magnet,  wliile 
optically  negative  crvfttaU  tried  t/>  arrange  their  axi?  at  ri^^ht  angles  to 
this  line.  This  iitippoaition  is  dJsjrrovM  by  the  exoelb-ut  investii;ation  of 
Tyndall  and  Knoblauch,  who  showed  that  exueptionx  to  the  above  Inw  aru 
farnt»h4*<l  by  all  eliu*!^f*$  iif  crystaU,  and  prov^-d  that  the  action,  inptt-nd  of 
being  indepenrlent  of  the  magnetic  natun^  of  the  mni^»,  wati  completely 
ff!Vert*ed  where,  in  iftomf»rphouB  crystals,  a  magnetic  constituent  was  huIk 
stitut^i  for  a  diamagnetic  one.  BejcetJng  tlie  various  new  foniw  asttuuied, 
Tyndall  and  Knoblauch  refernvl  the  oli(ter\-ed  phenomena  to  tlie  modifica- 
tion of  the  majrnptic  ftn-ce  by  gtmoturo.  and  they  imitated  the  effee;t»  exai'tly 
by  nipan»  of  «uN(tanc^«  whose  dtrnctnre  Imd  bf-^n  rnndifii'd  by  cfnii])reftsitm. 
In  a  later  investigation  Tyndall  d«monittrateil  the  fundamental  principle 
on  which  these  |]henoinena  depeml,  sthowini;  that  the  rtttire  maiw  of  a  mag- 
netic body  \A  most  atrongly  attracttNl  when  the  attracting  force  acta  parallel 
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V  i-<S     -Til.-*    »    li«rt'~    *     r— :r*  -t^-^^klMt     U    "Sir     ■iHfTr^r    -^rtkl.  "Ihr    .llXM    if 

1- r..  /•  !..M»*jr;<-7..-.  i.nwuijr  «-»»  lie-  nss  -&  -stujuun.  &  xidrff^zicai 
it',  'i    f    \.  *  i.Ti^x    ^  -\.^  -av  •['    iwmiiTa      T— hi**]  'xaeakic't  ^  "xi  ■w^^ru 

•\%>r%»  -.nT  wm  L  fOttTtL  vngvcrr  #  -■TtMr  Zk  -vas  «■■  3vnm!«  -Jinr  jir 
ft  I-.''-^  fiAf,i«an^.  "Ua*  asrmaTtna.  4t  &  Tii^Ti^ir  naio^.  jbml  "lie  rv^aisua  rf 

*  i>sattSit;T^M^,r  -M^Oa-Sfx.   J*iuiv.'«L  imrav^v-  -zir  'H^te  jnr    SiCh.  Miif  -nacc^Y 

{;-t:ii4''  Vtim  "Cur  \f  jucnff^^im.  m  ••S'TWti  ivn  jvhb  su.  idtov  'Ttfin  ^rf 
rh*'  nA^'tu^f:*-  'i^iM*      w  T'lt-*^!*^.  m.  rha'  toirr  iontf^  db^  mmptunxm  ami  •li&- 

vy(/  *u-'%  IM  vriOLii'j.  >  s*-r»i7  da>f  r^iaoic  if  .is  'si^auc  aesmesmt  Itf  the 
:h»r,^*<  .-*•  'ti^ut  %!«*  ^jtr*u-:i«  if  -3«f  'fOETiiiniCinic  3itf«xiim.  rtuc  as  a 
■uk.  .<-^.n  .-  -:>.*rfPM  Vua  Id**  ^ar^li  Vraxu>e^  J>  v^upic  s  je^  "*"■"  ^fcac  irf  aa 
'n  i.t«  ^n-tT  \^  *.i<*  4ii77n(ia«t:.3ir  air.  j£  :>  ■'arf^  uow  :&dc  :&«  laow  ^■>4if 
»vft/  tj>9«4r  :iu^ci*^rft  ^r  t; amacn*?c*;.  fltasriintf^  11  "air  Bi!«bim.  in.  wk&rk  it 
>  y-v-^.  y^'-rr-.iM  in.^dor.*  ji  &  aiatp**ci!  vinmaaum.  xai  vaoo'  »  £»- 
ft»a«/',i»^.*»  ,i4-n«'^  ;r,  >  >'*-.*-,i»-.  if  -xr^juc  tat*  fcwmita.  -rf  ait  a^i^M* 
*■.'  V*  i-,?!  -/  'A .!«  «*.*  T>\  -xlajl^  .'.  >itl3j^  -naj-ir^a^  :aitidV?r«i6.  tt  -tidBiatpwcir, 
v.-".*^  4-i.A^«»ia<v*l   .a  ft..',     .irx^n.  i  rtM   mn:ain;::iir  a  «iLa=:ija  of  Semvt 

*  V  pn.tr>  «  wp^n^Vft  i!u-'r-i>'.a'A^ . J  «~.~x:3,  x  ^ar  xJw  iZj«^  vna.  a  iulasut  of 
*r.>'  'vm**  4A.'.  4Ai{  >^'^''^'  '.«^v>va  *Ji>*  >:i*'«  ;f  tvn  ptiw^rril  ii  iItm  niiHiwri. 
»...  p!**'>  ■'>«»•;'  *%.A..j  'X  ■^j-i.ir.-.r-il*/.  liiLTrimc  n*  ta**  ML:in>:a  coatazaMl 
/A  ,f  ,4  t'f.T.-g/'T  '-t  V'aJC'^r  taja  'JLiZ  ia.  to**  ;af .  ^  d^  sasw'  wmiirr^ 
♦r,>n  •»*•  m*/  ^f.vy.*\f*:  '.'cxa  ri^ra-'^zh,  ;tai*te>  ra^f -qTaair-IaHj  b«cv««B  two 
Wi  4 /.-,*♦>  ^-t.*«.  *>ra.v*.*  -t  >  ;-H*^  2:jKr:if*o;  tr-u  ^i>*  ♦arr«;aaiiiiiic  air.  Bat 
*r.>  '1.A<'f.4>7.',^>-»!U '/  V.^r.-.  I'.r.  ft:iii  '.d'^r  br*ij^  cf  t£f*  iaobe  <iaa*  abovi 
;'•'/■'.'  ;.'.  ft  Tt*^r»-.'n  ftA  v-r..  ftj  .=.  t,> :  h^ntw-.  if  -i  ■im.ijnggBHn.  ift  wiC  to  be 
r-^xfA^  *M  ft  <ii-*%r^,  S-jf^.  v<r  c-:^';  ti^fm**-  that  xh*  ta^r  »  aJ^o  ma^- 
tt*^\* ,  %pA  *^*^y,*%  '.x»  *.h^  tr.ftcT.^>  «*:al«  ih«  piaee  zms«medxas#  Utft«ju 

Tr.ft'.  ft  VWf  «'<«fii^^M  ;&  ft  Er^i:«z=;  of  zr<*4tn'  ^A^n^Kic  toaoFpcibtlitf 
thftf*  if«/If  »;»[  f*r*']*  ff'^a  a  ar.A;rr.--.:'r  pi^^^i*  in  its  B<eL£Lt«rfaood.  in  eoii««- 
tyi*'tt^^  '/f  tK«;  rr*^**-T  U/ff-^.  v^th  vtkb  t&«  partidcs  of  Um-  BiediiiiB  are 
ir/>(>^ilA/|  t//wftr/j4  th';  mftfrrM;tT  u  f*  obrV/fu  a  oooMqa^nce  of  mecliAmcal 
l«««.  that  «^  /iftn  ii/;ftr'>I/  ftT'»M  attribating  th«  ]iM>T«iihenti  of  diankag- 
tifi'it  U^\\t^  t/t  th*!  cftrj^^  jrjjit  m*-TitioTi*r4  :  at  l«afl.  vh«n  th«  bodj  ia  sos- 
l^-ri/)tf^l  in  ftir  //r  fdh^rr  rna7n«^i/:  ;raii.  Th<>re  u.  faoverer.  mom  dificulty  in 
tt-///tt'  iliri/  f  ti'-  fttj'/T«*-df«^tAd  pli*-nom«^a  of  conipr«u«d  and  ctrstnlliaed 
l>'*'li/x  tt^fh  fill*  7i*ir :  arM.  rrior*<fi-«rr,  Trndall  ha«  £bo«m,  Ikj  a  method 
nUith  wf.  *hfft%fii  ht'T*:  A*^ir\\if„*  that  djamag:netic  bodi«s  pocs«s8  opposita 
\fA*-n,  Huh\'f^uun  Vt  Xh'm*i  of  luz'^iftic  Uidi*4,  «ach  of  lhe««  pcAe«  being 
aMrn/ffvl    1,^  ori'!   fnAi-  of  a  ma^rrK't,  and    repelled   br  the  other.      This 

(f"liir(t.r  nh'fwv  d'-fi/lwlly  that  t)i(r  propertiffs  of  dianugnetic  bodies  csnnot 
f  who)!/  diif*  lo  th«?  difr«'r<'ntiftl  ai:tion  above  mentioned;  for  if  thej 
w*'r*%  fvt'ry  \thri  of  %  iWtimA^wXic,  yxAy  would  be  r*>pelled  br  either  pole 
of  A  uxnvui'i,  IrinniAcri'-tiMTri  munt  tbf-rffore,  for  the  present  at  least,  fas 
r«*Knr'l«'d  ft«  h  fnri-i'  ilUttru't  from  rna^notism. 

•  I'liil.  Tf  Afii .  1466  And  1«M  t  •««  alio  Watts't  Dictionary  of  ChemUtrr,  toL  ill. 
p.  1U. 
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WiTEjr  glA«9.  amber,  or  imtling-irikx  is  mlilivd  with  a  dry  etoth,  it  toqnires 
the  pow4<r  of  attractJDg  light  IxMlJvd,  mm  ft«athrr»,  duel,  ur  l>i(t)  of  {jap«r; 
this  i»  the  result  of  a  new  and  p«cuiiar  ooudltiou  uf  the  body  rubbed,  oalled 
electricAl  «*x«^l»li<^ti. 

U  a  li^lit  r   ■   ■  .    '   .  '  .~\>euded  by  a  thread  of  whit4>  Hilk,  and  a 

dry  glosA  tu  I  J,  be  prv«vDt«MJ  to  it,  th**  fealhcr  will  b« 

mrongly  atti.^^i-i  i-  ^u-  ....-  .  .>.;iii-re  to  iu  surfaee  for  a  few  «t.v(iii(ht.  ki\d 
thffii  f&li  f»lT.  If  th«  lutrr  In-  ni>w  «xcit<'<i  anew,  and  yrviH'Ottfd  Ut  tha 
fTMhrty  %h«3  latter  will  li^  stmugly  rt-jtif^ll*^. 

The  same  experiment  may  hv  repeatol  with  sheltac  or  resin  ;  Ihe  feather 
in  its  ordiniLfy  stut^;  will  Ur  drawn  t<.<w;trd«  thi->  excited  body,  and,  after 
touohing^,  a^ain  driven  from  it  with  a  certain  def^nvof  fonv. 

Now,  let  tbe  feather  be  bmug^ht  into  ojutoct  with  the  exrited  glass,  so 
as  to  be  rt^pelleti  by  that  suUtlatirt*.  and  K-l  a  pirTr  of  excitetl  s*;alin^-wftx 
b*  pr<»»'nti''i  lo  it;  a  degrt-e  of  attraction  will  U*  olwervt-d  far  exi.'<^e')ing 
that  exhibited  when  the  feather  b  iit  it»  ordinary  atate.  Or,  again,  let  the 
fcath4<r  be  nivle  repuUivt-  for  tx-jiliii^-wax,  and  then  th«  excited  glass  bo 
pr««<;nted  :  fltroni^  Attriwrtion  wtll  eiisne. 

The  rea^ItT  will  at  once  »«*  the  p^-rf^ct  parallcHimi  l»twe«i  the  HflTecIs 
i1f>si*ribed  aud  Rome  of  the  phenomena  of  mngnetism,  the  eb«ctrical  exelte* 
tnent  having  a  twofold  nature,  liko  the  op[HMite  p<^>lAriti«^  of  the  magnet. 
A  lj>»1r  to  which  one  kind  of  excitement  has  lxi-n  commiinicatfl  in  at* 
tr»«>le<i  by  nnother  XtCfXy  in  tho  opp08it>r  state,  and  repelled  by  one  In  tfaft 
Bani»»  Ktate;  the  excite^l  glass  and  rrain  InMug  to  each  uther  as  the  north 
and  Bouth  jKilfai  of  a  pair  of  magnetized  liars. 

To  distinguish  these  two  different  forms  of  excitement,  terms  are  em- 
ploynl  whicli,  although  originating  in  some  meaMirc  in  tbeoretieal  views 
Of  the  natare  of  the  eleetrical  di.snirbanee,  may  be  understfH^id  by  lh« 
student  as  purely  arbitrary  and  iliKtinetive:  it  is  customary  to  call  th« 
electricity  manifested  by  glass  rubl«'<i  with  silk  prmtive  or  ri/rewM,  and 
that  dev't^loped  in  the  case  of  shellac,  and  bodies  of  the  same  doss,  rubbed 
with  flannel,  neyutir*  or  reginouM.  The  kind  of  electricity  difi>ends  in  some 
measure  npon  the  nature  of  the  surfai-e  and  the  quality  of  the  rublier ; 
■mooch  and  {>erfectly  clean  gloss,  rublR^l  with  »ilk,  Itcoomes  positive,  but 
when  ground  or  roughened  by  sand  or  emery,  it  acquires  under  tlie  same 
circumstances,  a  negative  charge.  Glass  dried  oreragas  flame  and  ruMti'd 
with  wool  is  generally  also  negative;  when  dried  over  a  flru  of  wood-char- 
coal it  remains  positive. 

The  repulsion  shown  by  bodies  In  the  same  eb^ctrionl  stato  is  taken  ad- 
vantage of  to  construct  inslniments  for  imlicsling  elt-etricil  exrlti'ment 
and  pointing  out  its  kind.  Two  balls  nf  elder  pith,  hung  by  threads  or 
wery  fine  metal  wires,  serve  this  purp<i»e  in  many  cases:  they  op«i  out 
when  exeiW'dj  in  virtneof  their  mutii&l  repulsion,  and  rIiow  by  the  degrcvfl 
of  divergence  tho  extent  to  which  the  excitement  has  T>ecn  carried.  A  pair 
of  gold  leave*  suspendeil  to  a  metal  rod  having  a  brass  plate  on  its  upi»er 
end  constitute  a  much  more  delicate  arrangement,  and  one  of  great  value 
in  all  electrical  investigations.  The  rod  ahould  be  covered  with  a  thick 
coating  of  ahellac,  and  it  must  Im  fastened  by  means  of  a  cork,  air-tight, 
into  a  glass  flaik.     The  flask  must  have  been  perfectly  driod  previously 
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to  the  lino  of  ooniprtMiHioii  ;  aiid  thnt  a  diamnguotic  snbfttuire  U  moat 
strongl/  repelleil  wlieu  tJic  ropulstun  acts  along  tbu  Haiut;  line.  IK-nci*, 
vhon  8ucli  a  htnly  im  fre«*ljr  gu^pKiidtHl  in  thi>  magnetic  field,  the  lina  of 
comJ)rt^»Hl^u  must  ta^i  axiull/  ur  tH^uaturialty,  acx'Oi'tiing  an  tliu  ina^a  in  mag- 
netic ur  dtauia;;uMtio.  Faraday  was  the  firsl  to  t^tablUh  a  diiTi^routiul 
a«.'tu>n  of  thU  kind  in  Ih^  ca.se  of  bismuth  ;  T3'ndull  i>xti'nde<l  it  to  s*"  eral 
inftt'iit-'tlo  and  diaiuagnctio  cry^talti,  and  shuired  thai  il  was  not  conOuod  to 
tliL-ui,  hut  was  a  general  property  of  mutter,  U  v>u»  altw  pruve<i  that,  fur 
a  Jixtnl  distance,  the  attraction  of  a  niA|u;iietic  sphi>re,  and  the  rejiulMion  of 
a  diaiuagnotic  spheru,  followed  precisely  tlic  Bamu  law,  bi»tk  being  611*0117 
proportioned  to  the  si|uare  uf  the  exeiting  current. 

The  plienomeuaof  diumagncti^m  n&turally  suggest  ihi^  inquiry,  whoihffr 
thv>  repuUinii  exerteti  by  a  magnetic  p(»le  on  diamagnetic  bodit^c  is  a  force 
distinet  from  that  of  mn^ni'tism  aj*  ext-rtwl  upon  injn  and  other  iMxlies  of 
the  magnetic  china  ;  or  whether,  on  ihe  ntbcr  hand,  the  magnetic  and  dia- 
maguetie  conditions  of  nialter  are  merely  relative,  »o  that  all  Ixxlies  are 
magnetic  iii  difTerent  dugreeti,  and  the&]>parent  repulsion  of  a  diamagnetic 
Ixxly,  Hueh  att  bismuth,  is  m<-rely  tho  regiilt  of  its  l>eiug  attracted  by  the 
magnet  less  than  th(»  parlirU*s  of  the  Bnrmundtng  mertium,  just  as  a 
IwlliMin  reeedcs  from  the  earth  because  its  weight  is  ]i«s  than  that  of  an 
etjual  bulk  of  the  surrounding  air.  It  is  easy  to  show  that  tho  same  liody 
may  appear  ULif^ni'tic  or  diamagnetic,  aerording  to  the  nuHliuni  in  which  it 
is  placed.  Ferrous  sulphate  is  a  inagnetic  siil^jtunco,  and  water  is  dia- 
magnetic;  hence  it  is  iwissible,  by  vnryiug  the  strength  of  an  aqueous 
solution  of  this  salt,  to  make  it  either  nmgnriic,  indiflVrent,  or  diamagnetio^ 
when  BuspendMi  in  air.  Again,  a  tube  containing  a  solution  of  ferrous 
sulphate  suspended  horizontally  within  a  jar  also  filled  with  a  solution  of 
the  same  ffalt,  and  plaeed  Itctween  tlie  ])oles  of  two  ]>owerful  eleotro-magnetfl, 
will  place  itself  axially  or  »iuatnriully,  acuording  as  the  solution  ixintalnod 
in  it  is  stronger  or  weaker  than  that  in  the  jar.  In  the  same  ntanupr, 
then,  we  may  tMinceivn  that  hinmuth  ]>lttc<*a  Itself  equatnrially  between  two 
m?ignetie  |Hile9,  because  it  is  b-^^s  inagnetio  than  the  siirruunding  air.  But 
the  diamagnetism  of  biHinutli  and  other  bodies  of  the  same  class  shows 
itself  in  A  vacuum  as  well  as  in  air  ;  hence,  if  dinmagnetism  is  not  to  be 
regarded  as  a  dintinct  force,  we  must  supiKWe  that  the  ethrr  is  also  mag- 
netic, and  occDpies  in  the  magnetic  Bcale  the  place  intermediate  between 
magnetic  and  diamagnetic  bodies. 

That  a  hady  8us]>ended  in  a  medium  of  greater  niagnetio  susceptibility 
than  itself  will  ree*Hle  from  a  magi^etlo  pole  In  Ita  neighborh«Hwi,  in  conse- 
quence of  the  greater  force  with  which  the  particl»*s  of  the  medium  are 
im{>elltHl  towards  the  magnet,  is  so  obvious  a  consequence  of  meiJtanical 
laws,  tliat  we  can  scarcely  avoid  attributing  the  ntovements  of  diauiag- 
nutic  bodies  to  the  cause  just  mentioned  ;  at  least,  when  the  btHly  is  sus- 
pended in  air  or  other  inagnetic  gas.  Tliere  is,  however,  some  difficulty  in 
reconciling  the  above-described  phenomena  of  compressed  and  crystalUxcd 
bodies  with  this  view;  and.  moreover,  Tyndall  has  shown,  by  a  method 
which  we  cannot  here  deHcril>e«*  that  diamagnetic  bodies  possess  opjKieite 
poles,  analogous  to  those  of  magnetic  hodit-s,  each  of  tlu-se  poles  being 
attracted  by  one  pole  of  a  magnet,  and  repelled  by  the  other.  This 
polarity  iih*iws  decide»lly  that  the  jiroperties  of  diamagnetic  btMlies  cannot 
be  wholly  due  to  the  differential  a*'tion  aliove  m*>ntioned  ;  fur  if  they 
were,  every  part  of  a  diamagnetic  body  would  be  repelle<l  by  either  pole 
of  a  matrupt.  iMamagnetism  must  therefore,  for  the  present  at  least, 
regardisl  as  a  force  distinct  from  magnetism. 

•  Ptitl.  Traos..  IMS  aad  lUO ;  see  also  Watts'a  DloUooary  of  ChsmUtry,  toL,  ttl. 
u.  TTik 
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far  or  di«chwg«  of  eleetridtT^  ffWtmUy  witiMKOul,  which  in  ti»«  »ir  ftad 
la  laqoid*  «AeA  fives  rtM  «s  Um  appearmnce  of  •  briirht  tpark  of  firo. 
Ilim  ij .  ctUnurx  BB^arlic  rfacti  compria*  two  pvap*  uf  pLfiKHMtn*  oalj, 
thfif ,  mamtiy,  «f  ttlncliaB  aad  wpnkkm.  md  Umm  of  iadactioe.  But 
in  eleciricitj,  in  sililiiHiw  to  |ihiiaiwiiiii  ttwj  cIomIj  umabUag  th«sf,  Vf> 
hAve  tlfte  rffecte  of  dbdUry*.  to  whkfa  there  is  noUiisif  aaslogoa*  id  nog' 
xkrtismt  and  whkk  takco  |Um  in  an  liMUnt  vhm  any  rkatiiluil  heAy  la 
pQi  in  oamsnnMolWD  vith  the  oarth  hy  any  «■»»  of  the  cdaas  of  R»bataae« 
called  iun4niMm%  af  fif<rtiiri^y,  all  aigBa  of  electrical  diAUu-faaiMo  than 
eeaaing. 

Thaae  eo«i4a«fton  nf  etcrtririlr,  which  that  iMTioit  diacbargv  to  laka 
place  throogh  tlieir  nrf,  are  wntrastrd  with  anotbi-r  class  of  subatanosa 
emUed  non-oMiHoctors  or  insulatots.  The  difference,  howerer,  Is  only  odv 
of  defTf^f  not  of  kind ;  the  raj  bdt  moducton  offrr  a  certain  reaistanoa 
the  e)c«trieal  disrhaipf»  and  the  inn»i  perfect  insulator*  permit  it  to  a 
lU  «-xt«>Dt.  The  metaLi  sre  by  {at  the  brst  cxinilai-iun  :  gla«».  Mlk, 
;,  aaii  drj  gas,  or  rspnr  of  anr  s^irt,  tbf  rcrr  woret  ;  snd  br^twtNm 
?re  arv  bulMis  of  all  Jcyn!<.e  uf  nm'lDctmi;  power. 

eondactora  of  •uScient  »ise  electrical  disehar|:es  take  place 
and  withoat  distorbanoe.  Bat  if  the  charpe  be  vtry  Intfuse,  and 
the  c«7udii<-ior  rvrj  801^1^  or  itHperfect  frmo  its  usture,  it  is  vfteD  deatmjred 
with  riolrnre. 

When  a  break  i«  made  in  a  onndnctor  enplojed  in  cfTeoting  the  discharga 
of  »  highly  exoiu-d  bodj,  di&rupttT*  or  spark-'i>^'  i<  *r.'^  takva  plaee  aemsa 
the  inlervcning  air,  prorided  tht?  ends  of  tli<  Irr  not  too  di.'iuiit. 

The  electrical  spark  itaetf  presents  mai^  y  acrest  in  the  modi- 

fications to  which  it  is  liable. 

The  time  nf  transit  of  the  electrleal  ware  through  a  chain  of  ^nod  cun- 
dncting  bodies  of  great  l«Dgtb  is  so  minateaa  to  be  sllogethvr  inApprm-IoMe 
to  ordinarr  means  of  observation.  Professor  WheaUton**  s  rcry  tiigcuimis 
experimt*ntj«  on  the  subject  gi^e,  in  the  instance  uf  luoliou  through  a  copper 
wire,  K  i-rlotity  ^urpa^ising  that  of  light. 

Kledrical  excitatiun  is  manifr^ted  ontr  upon  the  surfaces  of  cnndnctors, 
or  those  portions  directed  towards  other  objects  capable  of  assuming  the 
opposite  state.  An  insulated  ball  cbsr^t*ii  with  |insitivt!  HltH'tricilr,  and 
pUixMi  in  the  centre  of  the  moin,  is  niaiiitained  in  that  state  In'  the  induc- 
tive action  nf  the  walls  of  the  npartin*'Ut,  which  immedintcly  bn«iime  nr'^A- 
tirely  ele<:trifi«i  ;  in  the  interior  of  the  hall  there  is  ftl»s*»Uilrly  iio  electri- 
city to  be  found,  although  it  may  \>e  t-onstructed  of  open  metal  same,  with 
ojeshes  half  an  inch  wide.  KvfU  on  the  «urf,v;e  the  distribution  nf  rlce- 
trir&l  force  ia  not  always  the  same ;  it  dep«'nds  upon  the  figure  of  the  body 
itself,  and  its  position  with  regard  to  surrounding  obje<-U.  The  i)«>larity 
i«  always  highest  in  the  proje<'ting  extremitiei*  of  the  Bftmc  oondueting 
mass,  and  greatest  of  all  when  the^c  arc  attenuated  to  points;  in  which 
case  the  tueijaaUty  bec<tme8  so  great  tliat  discharge  takes  place  to  the  air, 
and  the  excited  condition  cannot  he  maintained. 

B7  the  Kid  of  these  principles,  the  cnnstnictiou  and  nsc  of  the  common 
electrical  machine,  and  other  pieces  of  apparntus  of  gr^at  utility,  will  b»- 
cx>me  intelligible. 

A  gloss  cylinder  (fig.  59)  is  mounted  with  its  axxn  in  s  horiinntal  pwl- 
tion,  and  provided  with  a  hsndic  or  winch  by  which  it  may  be  turned.  A 
leather  cushion  is  made  to  prt«»  by  a  spring  agnlnst  one  sid**  of  the  cylin* 
der.  while  a  larjre  mHal  i-onducling  bofly,  anmni  with  a  number  of  points 
next  the  gla»,  occupies  the  other  :  both  cushion  and  conductor  are  insu- 
UtiNl  by  gins*  supports,  and  to  the  upper  wige  of  the  form.-r  apif^"'  of 
silk  is  attachoi  long  enough  to  reach  half  round  the  cyliadcr. 


Upon  Iho 
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OQ«hion  \»  ipread  n  qaantitj  of  Boft  am&lgam  of  tin,  zinc.  And  mvtcnr^ 
mixM  up  with  a  Illtlt*  jjreftae :  tliis  sutrstjiur*!  is  fniind  hy  exiM>n(«no<<  to 
excite  glass  uiosit,  powerfully.     Tin*  cylindor,  n»  it  tiirnfi.  biraomi^  chnrgwl 
hy  friotiou  against  the  rnbber,  and  as  quicklj  discharged  by  tho  ruw  of 

Fig.  c«. 


potntii  attacluHl  to  t)ic  grt!at  conductor  ;  and  as  tho  latter  \a  also  completely 
ininuUtcH],  liA  HurfncB  ttpiHHlily  aixtuiri>»  a  charge  of  i>iisitiv«  eK'ctriuity, 
wUirh  may  \w  tunmmnicAiM  by  contact  to  utluT  innulatod  bodies.  The 
Tuaximum  i>ilV>ol  i.s  pni^luoed  when  the  rubber  l8  councct<Kl  by  a  chain  or 
win'  with  til*'  <*arth.  IT  iu'j;rttiv«  fhftricit>'  be  wauted,  the  rubln-r  must 
bo  infill  1  At  I'd  and  Ih**  i-imductor  disi-har^^tHl. 

Another  ftirm  t'f  the  eliKjlrical  mat-ltinc  consistR  of  a  circular  plat^  oC. 
glaits  (flg*  0(1)  moving  ujmu  an  axis,  und  jimvided  wilU  two  paira  uf  cus 
ioiu  or  ru  libera,  attached  b>  the  upper  cud  lower  parts  of  the  woodi 
frame,  oovorud  witli  ainntgnm,  between  wliich  the  plate  moveH  with  con- 
siderable friction.  An  insulatc<l  conductor,  amunl  afl  iM^fore  with  p<^ints, 
discharged  the  plate  na  it  turna,  tho  rubber  being  at  the  tiame  time 
S«cted  with  llu*  grounit  by  thtt  wood-work  of  the  machine,  or  hy  a  atri 
Metal.  Thin  fi>rin  of  the  apparatus  is  preferred  in  all  cwnx  where 
aftdcrablii  power  i.s  wante^i. 

In  the  raanai^emont  i>f  electrical  apparatus,  great  care  muftt  Ite  taken 

driNMitiiin  of  moisture  from  the  air  n|Km   the  surface  of  the  glass 

which  flhniib]   always  ba  varnished  with  fine  lac  dlsaolved  in 

the  uliKhti-*!  tthn  of  water   is  sufGeinnt  to  destroy  the  power  of 

lmnitMlM«.     The  rubU*rs  also  must  1m>  carefully  dritnl,  and,  like  the  plate, 

Chuaa  adhering  dust  Ix'forc  une.  and  the  amalgam  renewed  if  ne«Nt: 

Im'i  .  ta  itnx  — ^"'■•- ■'*■  tnmble  is  often  ex[H*rien(-<Ht  in  bringing  t' 

j»Ai»  ^wv^rftil  tirttiUI. 
^  ji>«»iuv.-toi-  t-r  the  maihint'  iJi  chargol  with  el<*ctricity,  it  a< 
m^  Mill  jkJi-uittulati'S  the  oontrary  ebx-Lricity  to  il^  own,  at  tl 


An  sm^lssn  of  percnao^ot  Aarinm  sad 
\%in%  S)  parts  mrroury,  Si  tin,  nnd  11  iliic.     It  ' 
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fiirthc*^  of  all  the  pnrroorniiniu:  pond  mi*  »n*.  ^  U  prnflnr^w  tlic  prp«(wt  nift'ct 
.,.,  1 1,,   ......tuctAr  that  is  nearest  to  it  and  is  In  th**  bi«*t  ivmnortinn  irilh  th* 

■n^by  Iho  elrctrlcily  of  th»»  same  kind  as  that  of  thf  iiuti-hiHtt 
r    .   ^         .--'  tlie  e«rifa.     As  tb«  inducing  «lectricitj' sttracta  tbu  iuduovd 

Flff.M. 


Idtyofan  opjwwitp  kind,  so,  on  the  nth'-r  iinnd,  is  tho  fortner 
;ti.vl  by  the  lattt^r.      Iloneo,  the  olfctHclty  which   tbo  oonducCor  reccirft* 
urn  lUu  tniu.hinu  nimtt  ejipvciultr  nct^uxiiiilati'  at  that  Mptit  to  which  auothor 
inI  conductiir  nf  rUi-iricit.v  in  opp^wic*!.     If  a  iiii'tnl  disk  ift  in  connection 
itb  thv  cnnduct'ir  of  a  ma':hini',  niid  if  oiiolhor  hiiuilar  diik.  in  good  onn- 
rlion  with  thv  earth,  lA  placed  opjMMite  ti>  it,  w«  havo  an  arranffrmout 
'hicb  tolerably  larise  and   pooil  conducting  5UTfa<M4 
I  brnaffht  ulottc  to  one   anotlier  :  Ihus   tht»  poaltiro  ^  ^ 

Ion  of  the  HfBt  disk,  as  widl  a^  the  negative  ooodl- 
of  the  utlivr,  mtiHt    \m  increased  to  a  rury  txiOfiidv- 
dib)  drgr^-v  :    thu  limit  in  in   tiiis  case,  however,  noon 
'hed,   be4'aa.He    thu    intcrvrMilnfC    fthr    easily  p^rmitti 
■k-diachargu  to  tako   place   throit;:li    Un   Hubatanco. 
'ilh  a  iKilid  innnlatint;  ImhIv,  a.s  ^Iam.^  or  \fw.,  ihiH  lia|>- 
with  much  jir«.*at«r  diffic^ulty,  »»v**u  vrh«*n  th«  pUti* 
iuftulating  matter  is  Tt*ry  thin.     It  is  c^n  thitt  principli* 
it  inMtrtinifiits  for  t\u' iirntmu/nti'm  of  i*lt*(  tricit/diipi*nd, 
toiii:  which  the  Leyden  jar  U  tht<  iuohI  imi^'riant. 
A  thin  (ilajta  jar  is  coated  on   both  side*  with    linfnil. 
cari*  b»'in>r  takim  to  leave  several  inches  of  the  upp«*r 
part  uncov«T»'<l  (fig.  61) ;  a  wire,  terminating  in  a  nn-tal- 
lic  knob,  cotnmnnirat*^  with  tlm  internal  coating.    When 
thenatsidr  of  the  Jar  itt  connected  with    the  earth,  and    the  knob  pat  in 
cnnta«?t  with  tlie  cf.tiirlurtor  of  ttie  Tiiaehine,  the  inner  and  outer  surfaeett 
of  the  ^ta^*  lieooine  reM^iMHrtively  |H>.-4itlve  and  nef^ntire.  until  a  very  great 
dt^jnw  uf  iuldosity  hu  been  ntttiiuod.     Ou  cotupleling  thu  connccUuu  b^ 
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tw.M'ii  ilic  two  cxmtings  by  a  metullic  wiro  or  mrl,  diitclinr^'c  oocurs  in  the 
furm  of  an  i*xcoudingly  bright  spark,  accompanied  hy  a  loud  snap  :  and 
if  the  hnman  body  he  interposed  in  the  circuit,  the  peculiar  and  diaagrt^e- 
ablo  senaatiun  of  the  fhx'tHc  shock  ts  full  at  the  niomunt  nf  its  complotiou. 
By  enlarging  tho  dimensions  of  the  jar,  or  by  couuecting  together  a 
]iuml>or  of  riuoh  Jarn  in  such  a  manner  that  all  may  bf  churgMl  and  dijt- 
cliarytHl  simultanwiusly.  tin*  pow^T  of  ihv  jijipnratuH  nia>'  lie  jjreatly  aug- 
innnttHl.  Thin  win-s  of  nu'lnl  may  Ik;  fuHiil  and  di!*sipated  ;  piece**  of 
wcmkI  m:iy  Ikj  shatlexud  ;  nuuiy  combu»tIbIi.>  substanct*  et't  on  Are  ;  and  all 
tltt*  wt:U-kiiowu  t'ffeclii  uf  liglilriing  exliibited  upon  a  sm^ill  scale. 

The  «ilnolriL'  spark  i:*  often  v-L-iry  conveuieully  employ*.>d  in  rhemiral  in- 
quirii'S  for  lirinj:  gaaeoas  raixtureii  in  cloned  vesiiola.  A  amall  L^yden  jar 
charged  by  thf  uinchiiiH  is  the  most  elTectivn  oontrivanc*-  for  this  purpose  ; 
but,  not  unCrcHpirntly,  a  inothnd  may  be  resorted  to  nhieh  hivolvos  less 
preparation.  This  method  was  ilevified  by  lluniien.  A  large  [Kircelain 
tnlte,  which  is  dry  and  warm,  is  wrapiwd  round  ainl  rubUwl  briskly  by  a 
dry  tiilkmi  cloth,  and  after  each  rub,  thu  tubtt  iu  brought  in  the  immediate 
lioighl)orhood  of  the  knob  of  a  amall  Leyden  jar,  the  outer  coating  of  thia 
Tesael  being  in  connection  with  the  earth. 

The  electrophoruH  (Gg.  ()2)  is  ahto  freqaejitly  used  for  this  purpose. 
ThiH  inrttrumeiit  Lonniittii  of  a  round  tray  or  dish  <if  tinned  plate,  having 
a  stout  wire  nuind  its  upper  edge ;  the  wiilth  may  be  alKUit  twelve  iiicbee, 

and  the  ileplli  half  an  iorh.  This  tray 
is  flllt.*d  with  melttyt  Bhellac,  and  the  pur- 
face  reu<lered  ati  even  as  possible.  A 
brass  djak,  with  roundtxl  edge,  of  aboat 
nine  inchi^  diameter,  ik  also  provided, 
and  fitted  with  an  inf^nlating  handle. 
The  resinoua  plate  id  cxcite^i  by  striking 
it  with  a  dry,  warm  piece  of  fur  or  flan- 
nel, whereby  it  becomes  chargetl  with 
negative  eb>ctricity.  If  the  cover  be  then 
plac4Ml  u^mn  it,  the  ixwitive  electricity  is 
drawn  to  the  under  surface  of  the  nieta.1 
nearest  to  the  negatively  charged  resiuoni 
cake,  while  the  negative  electricity  is  repelled  to  the  upper  surface  of  the 
cover  ;  on  touching  the  cover  with  the  finger,  the  negative  electricity 
passes  away  to  the  earth,  while  an  additional  quantity  of  positive  electri- 
city is  drawn  into  the  plate;  and  if  the  finger  l>e  removed  and  the  cover 
then  lifted  by  its  insulating  handle,  it  will  tto  found  so  strongly  charged 
by  induction  with  jiositive  electricity  as  to  give  a  bright  spark  ;  and  as  the 
resin  is  not  dischargiMi  by  the  cover,  whieh  merely  touches  it  at  a  few 
points,  sparks  may  l>e  drnwn  as  ofton  as  inny  be  wi^luKl. 

AtmoMphrrir  Elri:tririt^. — It  is  not  known  to  what  cause  the  disturbnnoe 
of  the  ebwtrlcal  e<iuilibriiim  of  the  atmnsphere  is  due  :  experiment  has 
ahowu  that  the  higher  regions  of  the  air  are  usnally  in  a  positive  slate, 
the  intensity  of  which  reaches  a  maximum  at  a  particular  period  of  the 
day.  In  cloudy  and  stonny  weather  th«  distribution  of  the  atmoppherio 
••leclricity  liecomes  much  deranged,  clouds  near  the  surface  of  the  earth 
often  appearing  in  a  negative  state-. 

The  circumptanrea  of  a  thnnder-«tnrm  exactly  rcaomble  those  of  the 
churgn  and  diseharge  of  a  roatwl  plate  or  jar;  tho  cloud  and  the  earth 
represent  the  two  rnatiniju.  and  the  intervening  nlr  the  Viad  condacting  body, 
or  (/»V7w/ric.  Tlie  po]arilli*a  of  the  oppo«od  purface  and  of  the  insulating 
mediuTii  between  them  Heinme  raised  by  Dintun]  imluction,  until  violent 
disrnpti%'e  diseharge  takes  pl.nre  through  the  air  itwif,  nr  through  any 
other  bodies  which  may  happen  to  Iw  in  the  interval.     When  tiie«e  are 
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Mpnble  of  conducting  frevly,  lh«  diBchargo  is  silent  and  barmlvatf  ;  bat  in 
niher  OOMS  it  ofttiti  proveil  highly  ileMtructire.  Tbe»e  ilanictirouft  t'tfecta  *r« 
nnw  in  a  grt^^t  meikiure  obviated  by  the  uso  of  lightning-roda  Bttoctbtsl  to 
building,  tbe  irection  of  which,  howei'ctr,  deuiondit  a  number  of  pr<H;au- 
tiotu  not  alwAVA  iiudKnuLiiod  or  atlHuded  tii.  The  uiAtflit  of  hhipts  may  bu 
guarded  in  like  njaiiTiMr  by  uiul&l  t-onduotors.  Sir  W.  Snow  Unrris  haii 
dcriaed  a  most  ingt'iiioti^  plan  for  (ho  purpoou,  which  in  now  »<luptcd,  with 
complete  iianvwa,  in  tlui  Uoyal  Navy. 

The  elnctridly  tixhibitvd  under  cM^rLaiu  ctrt'unuilatit;««  by  a  )rt  vt  steam, 
first  oh8erT»»d  by  mere  accident,  but  siiiuc<  rbmely  invetiti^nteil  by  Sir  W. 
Armstmng,  ami  afu^rwardu  by  Faraday,  is  ui>w  referred  to  tho  friction,  not 
of  the  pnrii  ftt«aiu  itoelf,  but  o(  particle*  uf  oundeujK'd  water,  against  tbe 
interior  of  the  exit-tat>e.  It  han  betm  proved  with  certainty,  within  the 
last  few  years,  that  evaporation  alono  in  not  capable  of  <liHturbiiig  the  eleo> 
(ric-nl  ^luilibrium,  aud  the  hoiw  first  entertained,  that  the«e  phenomena 
would  throw  light  iip«)n  ibe  cause  of  eleiririoal  excilemenl  in  tbe  atmos- 
phere. lA  now  abandoned.  The  steam  is  tuu&Uy  (iueitive  if  the  Jet-pi|N>  be 
maairuetinl  of  wocnl  or  clean  metal,  but  the  intrcNluetion  of  the  8ui:itlest 
trooe  nf  oily  matter  causes  a  change  of  sign.  The  iuLeunity  nf  the  charge 
If,  emt»riM  fMiribm*^  iucreas***!  with  the  ela«tie  force  of  the  it  team.  Ry  thin 
me&iu  effect.4  have  l>eeii  obt:iiiied  very  far  Hurpaaiiing  IboHe  uf  the  m<j«t 
jtowerful  pUt««lectriual  nuuhineii  ever  umalrucUHl. 

Althoagh  no  electricity  can  Lw  directly  vvolved  by  evaporation,  yet 
vapor  paaa«8MS  in  a  high  ilegree  lh«*  property  of  rlii^charging  into  the  atmoc^ 
phorH  that  electricity  which  often  accuumlaleii  in  lio<iie«  from  wbicli  il 
arifea.  The  fresh  brauehej  and  leaves  of  tree*  do  thin  to  (he  greati^tst  ex- 
tent. When  moinb^ned  with  ralu  or  dew.  their  BurfaccD  become  positively 
electrical,  whiUt  the  internal  part*,  vvuu  to  the  ruol«,  buoumu  negatively 
electrical. 
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When  two  onlid  conducting  Itodh^  are  plungixl  into  a  liquid  which 
acts  npon  them  ane<iwnlly.  th*)  elwlrio  equilibrium  i«  ditfturbed,  tbo 
one  atx|oiriitg  thn  p<iMitive  condition,  and  the  other  the  negative.  Tliua, 
pie<i«a  of  ainc  and  platinum  put  into  dilute  dulphurio  oeid,  oonMtitute  an 
arrangemuDt  capable  nf  geueratiut;  eleclrienl  for'.-e :  the  linc,  whicli  in  tbe 
metal  attaekod,  beconu'J  u>;gative  ;  the  platinum,  whieh  rHiitiiinrt  unaltered, 
aaiiumud  the  positive  condition  ;  and  on  making  a  metallic  i^ouiniunlcallon 
in  any  way  between  the  two  plnt«r?t,  ditiebarge  emmeti,  as  when  the  two 
■urfaocd  of  a  ooatetl  and  ohorg^ril  j:ir  are  put  into  otninection. 

No  sooner,  however,  haa  thiit  occurreil,  than  the  disturbance  is  repeated; 
ami  as  th**!ie  ^nct^^tAtfive  ctiargeA  and  diA^hargefi  take  plaro  through  the 
fluid  and  metala  witli  Inconoeivable  rapidity,  the  result  is  an  npimrently 
oontinimu4  action,  to  which  the  term  elrrtrirnl  cnrrf.nt  Ih  given. 

Il  ia  neoi«Aary  to  guard  against  the  idea,  which  tlie  tenn  natnrally  nug- 
ge8t«.  of  an  actual  bodily  transfer  of  something  through  the  substance  of 
the  conductors,  like  water  through  a  pipe  ;  tbe  real  nature  of  all  these 
phenomena  Ls  entirely  unknown  ;  the  expn-nsion  in  convenient  notwith- 
standing, and  consecrated  by  long  n«ft ;  and  with  this  .^aution,  the  very 
dangerous  error  of  applying  figurative  language  to  de»cril>e  an  eff'-ct,  and 
th««  S'*flking  thfl  nature  of  the  effect  from  the  common  meaning  of  words, 
may  be  avoided. 

The  intensity  of  thp  electricnl   excitement  develojwvl  hy  a  single  pair  of 

metAl,^  and  a  liquid  is  Icki  feeble  to  affect  the  most  d<"Ii(nte  gold-leaf  eleetrn- 

stiope  ;  bnt,  by  arrangiug  a  number  i»f  Kueh  alteruali«n«  in  a  winnected 

jeiiM,  in   lach  a  manner  that  the  direction  of  the  cnnvnt  shall  be  the 
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iftme  in  eacli,  the  intensity  majr  be  reiT*  greatly  exalted.  The  inetrnments 
invented  by  Volta,  called  the  pile  and  crown  of  cups,  depend  upon 
this  principle. 

Upon  a  plate  of  zinc  is  laid  a  piece  of  cloth,  rather  Rmaller  than  itself, 
Steeped  in  dilute  ooid,  or  any  liiiuid  capable  of  vxurting  cbtiuiical  uctioa 
upon  the  xinc;  upon  thin  is  placed  a  plate  of  Lx>ppvr, 
silver,  or  platinum  ;  then  a  eec-ond  piece  uf  sine,  auothur 
doth,  and  a  plato  uf  iuactivu  uictal,  until  a  pilu  uf  abuut 
twenty  alteruatiuus  has  huvu  built  up.  if  the  two  ter- 
minal plate5  lie  ntiw  toucht.>d  Willi  wtii  liands,  the  sensa* 
tinn  uf  the  electrical  shock  will  bo  oxperieuoed :  but, 
unlike  the  momentary  I'ffi'ft  priMluued  by  thu  discharge 
of  a  jar,  the  seiinatton  oan  \ni  ri*pi^ate«l  at  will  tiy  repi'at- 
iiig  the  contact,  and  with  a  pilo  of  one  hundred  aucU- 
pairs,  excited  by  tUlute  add,  it  will  Iw  nearly  iusup- 
liortable.  Whensurli  a  pile  is  insulated,  the  two  extre* 
inities  exhibit  strong  (xwiiive  and  n<^a(lve  stales;  an4, 
when  eouiifv'tion  is  uinde  l>et«eeu  them  by  wires  armed 
T  J  with  pointH  of  hnrd  charcoal  or  pliirabA^o,  tlie  dischargCi 

^^ — -^  takes  place  in  the  form  of  a  bright,  enduring  spark  or*" 

stream  of  fire. 
Thi>  »(,'<xinil  form  of  apparatus,  or  rrown  of  cnps,  is  precisely  the 
in  principle,  although  diliVrent  in  apiK'araix-e.    A  nuraWr  of  cups  or  gtasM* 
are  arranged  in  a  row  or  rircle,  each  (x>utaining  a  piece  of  active  and  a  p]< 


i 


rig.  tn. 


I 


of  inactive  metal,  and  a  i>ortion  of  exciting  liquid — zinc,  copper,  and  dilate 
sulphuric  ari'l.  for  example.  The«-f>pper  of  the  firr4t  cup  is  connected  with 
the  zinc  uf  the  secoud,  the  L^jp]K*r  uf  Ibe  seeund  willi  the  zinc  of  the  third, 
and  so  tu  the  end  of  tlie  series.  On  tnitablishing  a  communication  betwei*n 
the  first  and  last  plates  by  mcauB  of  a  wire,  or  otherwiai^,  discharge  takes, 
place  as  before. 

Wiien  any  such  elttdrioal  arrangen»ent  consists  merely  of  a  single  pair 
of  conductors  and  an  interpobed  liquid,  It  is  called  a  "  simple  circuit  ;*' 
when  Iwour  more  alternations  areconrernetl,  Uie  term  **coni[>uuiid  circuit" 
is  applied:  they  are  calbxl  also,  indifl'ercntly,  Voltaic  batteries.  In 
every  fnrm  of  such  apparatus,  however  complex  it  may  appear,  the  direc- 
tion of  the  current  may  be  easily  understi.md  and  remembered. 

IVThen  both  euds  of  the  series  are  insulate*!,  the  zinc  end  exhibits  nega- 
tive, the  copper  or  platinum  end  positive  elerlririty  ;  mnsiKjuently,  when 
the  two  cxtrinnities  or  poles  arf  joint^l  by  a  conducting  wire  and  s  complet« 
circnit  formed,  the  curreiit  of  p<teitive  electricity  protwds  inihf»it  the  bat- 
tery fmm  the  platinum  or  copper  to  the  line,  and  tritkin  the  batti-ry.  from 
the  xinc  to  the  copper  or  platinum,  as  indicated  by  the  arrows — just  as  io 
the  rommna  eJcctricnl  machine,  when  the  iwxitive  condnctor  nnd  the  mH- 
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ber  &re  Joined  bj  &  vire,  ttw;  positiTe  current  proMada  fron  the  tonda 

thnnigh  th-r    •    •>  -  --•->    •  th4iuc«>  aluog  the  ftoilHe  of  lUc*  glAM 

ail. 

rial    nili- 


fcd  <  ^  axe  bola* 

kpvtmeuu  t^^Ltle  of  !' 
fi)  b  wtOi  ntud  to  c  ■ 


made   bv  ^'nii'k.shMik,  th* 
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and  giffl  abodu :  hvooe  iu  adTAnU9«oiis  anplojnwnt  in  th«  appU* 
m  of  el«Dtricity  to  medicine. 

Ibrm  of  battety  more  oonrenient  for  moet  parpoMa  is  that  cwntriTed  hj 
I'olLuUin  (&f.  66).      In  iliis  the  copper  ia  nuKie  oonipleteljp  lo  viicirt'le 
i«  xinc  piatcf,  except  at  the  tdges,  the  iwo  uiftkU  U'lU^  kt_*pt  aptul  hy 
of  oork  or  wxxl.      K&ch  zinc  iii  M)l«lf  rn*!  to  ih*'  prvc«Hlin)if  (x>pper,  and 
rbolc*  scn.'irr><t  Ut  a   U.ir  of  <lr.r  maln^^^nny,  m>   (hat  the   ]ilnt*n   c&n   Im 
into  or  out  of  the  acid,  whiuh  is  cnui«ifiHti  in  an  parth«'nw&ro  tritu^h, 
idtHl  into  aep&rat*!  uclls.     ThM  litfuid  cou9i«-U  of  a  lutxtur*?  uf  lUO  jmrta 
2^  part«  nil   uf  vitriol,  and   '2  partA  uotnmerrial  nitric  arid,  all   hy 
neaaure.     A  uamber  of  suoh  batUiiei  ar«  eaailj  oonn(^et*•d  toffeiher  b.r 
Itraps  of  aUeet  copper,  and  admit  of  being  pot  into  action  with  groat  eaai). 

FJf.  ae. 


[.these  older  forms  of  tho  voUftic  Uttpry.  howeviT,  the  power  rapidlj 
■  „,-_^JT,  »o  that,  after  a  short  tinw,  Bcaroelv'the  t.'nth  part  of  lh.>  original 
^tton  TATiiainR.  Tlii«  U>S8  of  i^wer  depends  partly  on  th«  gradual  change 
[of  the  sulphuric  atul  inw  line  aulphat.-.  but  still  ujore  on  otht-r  oatues, 
*hich,  to)C»!ther  with  the  more  modem  forma  of  the  ***"*"'^^"*^"  *"'• 
been  contrived  to  obviate  thera,  will  be  more  easily  understood  at  a  «ob«>. 
loent  part  of  the  work,  whon  wo  come  to  consider  the  »a«"i^  ^nd  off«cU 
*t  eleetrvMrhnnlfai)  Aecoinpaaitian. 
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The  t«rtn  "gAlronism,"  Boiuetime^  appliiMl  to  this  branch  of  electHcAl 
Btiieuco,  w  UAed  in  hoiior  of  litdv&m,  of  l}oli>>[n»,  whu,  in  17^0,  mAtle  the 
very  ourioiu  oluorvation  that  c«mvuUioiis  cuuld  U'  iirnduml  in  tho  litulw 
of  a  liead  frou;  wUl'Q  cvrlain  iu**IilU  wurv  uimle  to  tout^i  ihu  uerw  and  mu:»- 
olv  at  lh«  same  luomeut.  It  waa  Volta,  Lowever,  who  ptiiuteU  out  iho 
«leutrioal  urij^iu  of  thiott*  tuotioua ;  and  allliuugh  thu  t^xplauation  hu  uflered 
of  thit  iiourtx)  of  tho  clwitrioal  disturbauw  u(  uo  Imigi^r  guuirally  adoptetl, 
his  iinuiH  u  vary  properly  fuwocialcd  with  thu  mvuluable  iuatruioeut  hiii 
geniaa  gavo  to  sci^Dct).  ,j 


HLErTHO-KAosrirrisii.  " 

Althont^h  thft  Uu!t  that  ek^tricity  \a  capable,  under  certain  cirrain- 
BlaiKVis,  iioth  of  tudurtng  and  of  destroying  ni;ignL-ti»ni,  htuy  long  Uh-u 
known  from  th»  tjlTocts  tif  lightning  on  tli«'  roiitpris^-tiiMilh*  ith*l  u]Min  small 
att^tl  artii-h^s,  as  kniv«^  and  forkH,  to  vrhirli  polarity  has  i^uddonly  U-en 
givfu  by  tltM  stroke,  it  wa.H  nut  until  I8l9  that  the  lawn  uf  thtttt*  phn- 
nomena  w^re  tliscnverf*!  by  Owrsted,  of  roiMmhagrJi,  and  Nhnrtly  aftt-r- 
wardd  fully  devi'lopod  by  Anipero. 

If  a  wiro  o«mv«ying  nn  t»hKttriea1  cnrrent  N"  broaght  D«ar  a  magnutlc 
noodle,  th«  IjittiT  will  innntNliatfly  alter  its  pfwitiiui,  and  iui**umo  a  ni'W 
one  aa  ni-*arly  p>«rp«'n<lifiilar  to  the  wire  na  the  mtMle  of  KnRp<'nmo»  and  the 
mtgnetism  of  the  earth  will  pennit.  When  tho  wire,  for  (>xnuiplt<,  is  plaomt 
dirmitly  o*-i»r  the  noiviUi,  and  parallel  to  its  length,  white  the  currwit  it 
carrieti  tnivelti  from  north  to  hi>uth,  tho  neeille  iBd<*fl<N^lod  from  its  ordinary 
direction,  and  th«  north  polo  drivt-n  to  thp  eiwlward.  When  the  nirn'nl 
13  rttverfiMi,  tho  same  pol^  deviates  to  an  equal  amount  towards  thi*  wiMt, 
Placing  the  wire  bolow  the  neodU  instead  of  abore  prodnoee  the  some  effpot 
aa  rov«rsing  the  current. 

The  diriH?tion  which  tho  needle  will  assume  when  plarwi  in  any  par- 
ticular ]K>8ition  to  the  conducting  wire  may  bo  determined  by  tho  following 
rule:  /^rt  the  turrfit  bt  .TM/»/>otW  to  paM  throH'jh  a  tratrh  /'rmn  /he  f'arr  to  the 
biick  r  the  mittion  of'  thv  north  pot«  wiil  6«  in  the  tUrertion  of'  the  hnnfix.  Or,  let 
the  oliterrrr  imajjtue  himtml/'  ctrimmini/  m  the  direrttim  nf  tht  cwrrrM  with  hU  fnre 
lifwtiniH  thti  HtfiiU:  the  north  poit  of  tKt  neetUe  wiU  then  be  dejitscttd  tominU  hi» 
tej}  hand. 


T\%  fl7. 
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If  reference  is  often  roqnlrod,  a  Httle  piore  of  apparatus  (ftg.  68)  may  be 
used,  consLSting  of  a  piece  of  pasteU>ard,  or  ottier  suitable  material,  cut 
into  the  f"»rm  of  an  nrntw  for  indiL-atin^;  the  current,  cnwsod  hy  a  maj^ncC 
having  its  poles  marke^I,  and  arrange*!  ia  the  tnu*  (Kwltion  with  res|»ect 
to  tho  current.  The  diroction  of  tlie  latter  in  the  wire  nf  tbt»  galvauir^eiipo 
can  at  onoe  Iw  known  by  placing  tho  represuntativc  magnet  in  the  direetiu4_ 
assumed  by  tho  noc«lle  itself. 

When  tlie  needle  is  snbj»*d««i  to  the  artion  of  two  cnrrents  In  opjiOHl 
directions,  the  ono  above  and  the  other  bolow,  thojr  wlU  obvionsly  oon( 
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Thm  uhm  thing  liAppena  whan  the  vii«  emrrj'mg  the 


M   bent  apcm   Um1£,  and.  tit«  needle 


riff.  •»• 


IiUe«d  tMCWMU  tha  Ivo  portioin  u  in  fig.  69 ; 
«od  tiBoe  OTvjr  ttiik«  Uu  Iwnding  ii  r«peat«d» 
«  fresh  portiott  of  th«  current  u  made  to  &ct  in 
the  saBMf  man Ji*w  a  p»n  the  nvedlr,  it  ts  e*Ay  to 
•M  how   a  •  ••  feeble  Id  |irt>iluoe  any 

effect  Then  raighl  wim  is  f*mpki>ved, 

maj  be  mMdr^  <7  luij^  uuntnTance  to  exhibit  a 
powerfni  action  on  the  niagn'5t.  it  iii  uu  this 
principle  that  injfitmmenu  called  yu/niwMwfrtf, 
yaUiamcmwpm,  or  maiiifUien^  are  eoiMtract«d ;  ther  oerre  not  only  to  Indi- 
cate the  existeaee  ot  eleotricml  eorrenta,  but  to  show,  br  the  elTecis  upiai 
the  needle,  the  directum  in  whkh  the/  are  moving. 

The  deli«U7  of  the  inatntment  m^  be  immcus*:!/  increaaed  bjr  the  use 
of  a  very  long  ooU  of  wire,  and  by  the  addition  of  a  second  nei*dle.  Tlie 
two  BcwdlffS  are  of  «qoal  size,  and  nta^f  tiB*.MJ  as  neorl/  sa  podaiMt*  (o  the 
aame  extent;  tbcj  are  then  inunoTably  QxM  tofCflher  paralU'l,  and  with 
their  polei  opposed,  and  hang  bjr  a  Umg  libr«  uf  uutwitfU'd  ttilk.  with  tho 
lover  Aeedle  in  the  ooil,  and  the  nppcr  unc  aborts  it.  The  ailvaiiLagt*  tlitiH 
gained  is  twofqld  ;  the  aysi^m  ia  tutatic^  nnafft^>ted,  or  nearlr  an,  hj  the 
of  the  earth :  and  the  needles,  being  both  act««l  npou  in  the 
ler  bjr  the  current,  are  urged  with  much  greater  force  than  one 
wonid  be,  all  the  sctiona  of  evtry  part  of  the  or>il  bt-ing  slrictlr  otu- 
eoirmi.  A  dirided  circle  is  planed  h^low  the  oppcr  ne«>(lle,  bjr  whirh  the 
angular  motion  can  be  measured,  iind  the  whole  \a  incited  in  gla^,  to 
shield  the  needles  from  the  igitaLion  of  t)te  air.  The  arrangement  ia 
shown  in  fig.  7U. 


Fig.  TO. 


The  direction  of  the  cnrrent  which  deflects  the  galvanometer-needle  in  a 
particular  way  is  easily  determined  by  the  rules  driven  on  page  112,  when 
Wo  know  the  direction  in  which  the  wire  is  coiled  round  the  frame.  For 
thid  purpose  It  is  necessary  t4>  diHti]i);uish  between  ri^ht-itawied  Riui  Uft- 
kantM  coiU  or  helices.  S§opp«e  the  wire  1o  be  coiled  round  a  cylinder 
beginning  at  the  h'ft  hand  ;  then  If  the  turns  in  fmnt  of  the  cylinder  pro- 
oe«<i  from  below  upwards,  as  in  fig.  71,  the  enil  is  l<*ft-hnnded  ;  if,  on  the 
contrary,  they  proceed  in  front  from  abore  downwards,  as  in  flg.  72,  Iho 
ooil  is  right-handed. 

lot 
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A  magnotio  needle,  placed  with  its  centre  in  thn  axU  or  saoh  a  ooil,  turm 
U  north  ur  suutli  p«jle  towarda  the  end  of  the  uoll  at  vrliioU  tko  ourvent 
t^nlerd,  accord'm^  as  tho  (Xiil  is  left-  ur  right-handed. 


Flf.  71. 


Fls,Tl. 


TliB  dirmrtion  pivpn  to  the  n*»wHe  ih  the  siune  whether  the  cnil  is  elongated, 
an  in  Ihr  alutve  figurL*M,  ur  i-onipri-sjifil,  aa  in  thit  galvanomrtfr.  An,  how- 
ever, in  the  galvanuineler,  when  citniplfte,  it  i»  n«t  ea*y  to  si^e  whether  the 
coil  is  left-  i»r  right-hand«*fi,  it  ih  hftit  tn  dptomiine  by  ex))eriuK*nt,  ouce  for 
all.  the  direction  taken  by  the  neiMilo  when  the  currc-Ut  entere  at  one  |>&r< 
tieular  end  of  the  ooil. 


Action  of  thf  yfagnei  on  the  Flrrtn'r  Current. — The  aetion  betwwn  the  cur- 
rent and  the  niai;nnt  is  niutiiiil,  t<o  that  if  tlx'  oomiuetor  conveying  the  cur- 
rt'nt  is  frfo  t<t  move,  it  is  d«*fli'c(»*(l  in  tlie  ilirection  opposite  to  tliat  which 
the  magnet  takt-a  under  Its  inftnenw'r ;  in  short,  if  the  uiaRnet  and  eoiiduol' 
i«g  wire  are  both  frfMt  (o  more,  tliey  placi*  tliemst'lv*^  at  rif^lit  angles  to 
tiach  othftr,  the  magnet  moving  in  the  manner  indicated  at  page  112,  and 
the  wire  in  the  oppor^ite  direction. 

The  action  of  the  ma^et  on  the  carrent  may  be  ahown  by  meann  of 
Amft*ri"*s  apparatuH  (flj;.  73).  On  holding'  a  bar-mapnot  below  the  red- 
ftii^ui.'ir  wire,  and  paraUel  to  ib*  lower  hori/ontnl  arm,  the  wire  turns  round 
and  jdares  itstif  ut  ri>,'lit  an^deti  to  the  magnet,  the  pdutitton  of  equilibrium 
being  detenuinod  by  tlie  rule  just  alluded  to. 


Fig.  ra. 


Fig.  74. 


A  Bimplor  appnratu!)  for  tlie  pnrpeen  \s  De  la  UiT»«'p  ItiatinR  battoryi 
wliicli  eonsiiits  of  "   noir  nf  ^idn  umi   iiitittxr  iiiiit(»«   imttiaiiiMl  in  a  widv 


pair  of  zinc  Hod   i-opper   pUtfs,  ivintainMt   in 
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gluft  tubv  attmclitHl  ti>«  oork  float.  &nd  ivmnrtctvHl  tos;ptlutr  hy  m  FMUngiilu 

w  '..    ..'    .  iHt  lixiil,  or  (<lun^ali>il   bolijc  uf  c««vpr«i  wit«'  (0^.  T4), 

:■  t*l««<-tric  rurr>-itt  it*  ()t*l)<MTt«<«i  bv  lli**  'Mirlh'n  mngiu-tiaai  in  th« 
i^  \ty  au  ortliuju-y  luagiift.  Tbus  thv  itMtaugubir  wirtT  of  Am- 
pcrr  B  itiiparatiia,  ur  of  «  lluatUig  baltury,  vttivu  lull  lu  iu<:lf,  will  (j^ii.^.  yp 
a  posiciuu  At  ri^'ht  augU^  Ut  ibc  luagnHic  mcriiimu  ;  and  rouiL-mUTiti^  tbat 
iUv  ii<.<rt1i  nia^urtiu  ]K4e  of  tb«  v&rtb  iit  aualogutu  U;  tbi.'  wiuth  i>ok  of  au 
Ofdiuar/  ma^m*l,  it  U  eod^  to  uot*  that,  iu  tlu-  jKrsitiuu  of  Htaldn  t*qiiilibriuin, 
llw  dir*vtiuu  of  lbL«  curr\.'nt  will  \k  fruui  ecut  l*»  wn»t  lu  the  Iowit  Imrii^iiitnl 
branch  ;  ami  frtmi  bvlow  iipwanlti  on  Ihe  wetitrru  riTtical  ttiilc.  If  t)ic  wire 
bia  thu  form  of  u  long  helix,  U  will,  in  Liko  maun)*r,  placo  il-ivlf  with  tbu 
Xutntot  thv  bflix  at  right  angles  to  the  magn«'tfc  meridian,  and  Ihi-nfortt 
with  itjt  ajctfl  {mraltfl  Ui  thnt  nifTldUin,  the  t-ndit  \xAtning  north  and  routh, 
Jus-l  like  llmsM-of  au  ordinary  uiAfjUvlir  nn-^Ho,  If  thf  helix  if  le'ft-handrd, 
ik*! end  cuiuiyvtod  with  the  co|ijwr  plalo  of  tho  bat1t.*r)-  will  jwint  to tht*  north. 

Jivtuai  Actirm  of  Elmiric  f\irrrHt$. — If  a  condacting  wir**,  counrdioir  th« 
poll*  of  a  voltaic  bott«T>-,  be  brought  m-ar  the  movable  wire  of  Amjikrc'a 
api*aratti5.  or  the  wire  of  a  Hoating  l>allcrr.  the  movable  wire  will  be 
ftltrovt^'d  or  reprlK"!  xicooniing  to  the  relative  direction  of  the  twc  curreuta, 
tb»£aneral  law  of  the  aition  being  Uiat,  rlectrie  cwrmt»  nwring  in  fHirallri 
Bmm  allraet  on*  aHO(her  if  thtif  tmvr  i'»  the  tatur  i/irfrtiim,  umI  rrtttl  vnt  attother 
if  they  mun:  in  opjMftiir  tUrtctmnt.  From  this  ll  \h  easy  to  see  that  if  a  belim 
cuiint<<eting  the  two  p*ih«  of  a  battery  U'  l>roiigbt  m-ar  the  helix  of  a  float- 
Wttery,  and  if  tho  two  hclie*^  arc  himilnr — flint  iH,  Mb  right-  or  Ut\\\ 
haiidixl — their  aimilar  ends,  i,  e,,  thf*e  by  wbieh  the  ciirrpnt  enters 
th*f  helix,  will  rt'|H>I  »mvh  c>fli«>r,  and  ilieir  dii4t>iniilar  eiiiU  will 
other,  and  rontie*jMciiily  the  movaMe  helix  will  plarc  ituelf 
tile  fixed  bflix  *ilh  Its  [Mdeti  or  viuin  in  tin*  itrntrary  din-4:tion 
lo  of  the  fixe<lhrlix.  In  abort,  the  two  lielirei*  will  ai-t  on  one  another 
laetly  like  two  bar-mAgnetf^ ;  and  If  an  ordinary  bar-magnet  hv  auliati- 
lto<l  for  till?  flxed  helix,  (he  effeet  will  Btill  be  the  same,  each  end  of  the  mov- 
)b*  h»-Iix  U'iug  attroctiil  by  one  ix>leof  the  magnet  and  reptdled  by  the  other. 
Thirf  fltriking  re8emb1nn<^)  U'tween  the  mutual  action  nfelertric  rurrenta 
and  that  of  magtirtu  has  b**!  to  the  idea,  auggeflted  and  devidnped  by  Amjiire, 
lal  magnetiHin  im  artually  pro- 

ic<>d   by  electric  rurr»'nt*t  clr-  F^  '•• 

dating  roand  the  mobt'uli-s  of 
magnet  all  in  tlie  »ame  dir«*o- 
n.  Tbene  eurreiiUi  may  l>e 
ipoee^l  to  pre-exist  In  all  niag- 
ie  iMKlie^,  even  K'fore  the 
'el'tpinent  of  iTiajinetif  polar- 
hut  til  tie  diHi»He«l  witbuat 
■ily,  so  ihnt  they  neutral- 
fh  other.  Magnftiiatinn 
process  by  wliirh  thi-fle 
•olar  enrrentii  are  ntad**  to 
ire  in  one  dlreetimt,  tb^we 
ttuated  at  the  surface  yielding, 
Ibeir  n«uUanl,  a  fliiite  cnr- 
il  itirrulntttii;  r*>iind  tbi*  mng- 
.•I.  while  the   (.nrmita  In  the 

Uerior  arr  neutrali/..-l  by  Ihoae  in  tho  n.-xlextemal  Uver,  the  oonttguoTia 

irUofiM  of  wbi.h  move  in  a  direction  opposite  to  their  nwn.     The  "^^J^^ 

ll  action  of  all  thP«emob*iiUr  currents  i"  equivalent  to  that  of  a  number 

ourrvnU  drcolaiing  round  Ow  magnet  in  plancH  perpend\cu\txt  to  ua 
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axtH  (fig.  75);  and,  from  what  h&a   been  said  about  tlte  mutual  atrtion 
magni'U  and  faelict^  traversed  by  ductric  currtinbt,  it  id  eaity  to  hvm  thatr 
on  looking  along  the  axi.-^  of  a  magnet  with  its  south  pole  towards  lli*i 
obsenrcr,  the  current  moves  in  tbv  direction  uf  thu  hundii  of  awatvh,  tUa^_ 
ia,  upwards  on  the  Ivft  side,  and  downwards  on  the  right.  ^H 

BLBCTRO-DTJIAMIC    ISDt:CTIO». 

1.    Magnetization  htf  the   Cnrrfnt. — When  an   eleotro-ciirront    Is    passed 
through  a  wiro  plflL-ed  At  right  aiiglea   l«  a  bar  uf  iron  or  steel,  the  bar 
at^4uir««  maguot  ic  polarity,  temporary  in  tbo  caao  of  soft 
FlS*  'A-  irun,  permanent  in  the  cane  uf  liard  iron  or  Ktcol,  the 

position  of  the  poles  being  dt't.*nnin«tl  by  the' direction 
of  the  ourront,  according  to  the  laws  already  oxplaineii. 
ThiaolTeot  ht  prodiglouwly  increasfd  by  coiling  th«  con- 
daeting  wire  in  a  h»»lix  round  ih"  bar.  A  pi»n:<^  of  soft 
iron  worked  into  llio  form  of  a  horse-shoe  (Ug.  7U),  and 
((urruundeU  by  a  coil  of  wire  euvfrifd  with  silk  or  cotton 
fur  the  purpodo  of  insulation,  furnishus  an  excuUent  il- 
lustnition  of  the  indn*3tivo  energy  of  tho  current  in  this 
rt-ap'.H-t :  when  the  ends  of  the  wire  an*  put  into  com- 
munication with  a  small  voltaic  battery  of  a  single  pair 
of  platL-s,  the  iron  iiistantly  becomes  su  highly  magnetic 
as  to  bt*  capable  uf  suistuining  a  very  heavy  weight. 

2.  luducfinn  of  Eltctric  t'urrriUs  by  the  action  of  MagnctK, 
ami  of  other  EUctric  Currents, — If  the  two  extremities  of 
the  ooil  of  the  electro-magnet  alxtvti  de8cril)e4i  be  con- 
necte<l  with  a  galvanoncopc,  and  the  iron  magnetlztHl  by 
the  applioatiou  of  a  permanent  steel  hurse-shot*  magnet 
to  the  ends  of  tho  bar,  a  momentary  current  will  be  devel- 
oped in  the  wire,  and  pointed  out  by  tho  movement  of 
tho  needle.  It  lasts  but  a  single  instant,  the  neetlle,  after  a  few  oscillations, 
retarning  to  a  state  of  rest.  (Jn  removing  th«  magnet,  whereby  the  polarity 
of  tho  iron  is  at  once  destroyed,  a  aticund  current  or  wave  will  become  appa* 
rimt,  but  in  the  opposite  dirc^lion  to  that  of  the  first.  By  employing  a 
vrry  powerful  steel  magnet,  fiurrounding  ila  iron  keeper  or  annatar«  with 
a  very  long  coll  of  wire,  aud  then  making  the  armature  luelf  rotate  in 
front  uf  the  faces  of  the  magnet,  so  that  its  induced  polarity  shall  be 
rapidly  reversed,  magneto-electric  currents  may  b«  produced,  of  such 
intensity  as  to  give  bright  »parkH  and  most  powerful  shocks,  and  exhibit 
all  the  phenouieiia  of  voltaic  electricity.  Fig.  77  represents  a  very  powerful 
arrangement  of  this  kind. 

When  two  covered  wirei  are  twisted  together  or  laid  side  by  aide  for 
•ome  dbtance,  and  s  current  transmitted  through  the  one,  a  momentary 
eleotrieal  wave  will  be  induced  in  the  other  in  the  reverse  direction  ;  and 
on  breaking  oonneetion  with  the  battery,  a  second  single  ware  will  become 
evident  hy  the  aid  of  the  g&Ivanodcope.  in  (ho  same  direction  as  that  of  the 
primary  current.  In  the  same  way,  when  a  current  of  electricity  passes 
through  one  tnrn  in  a  coil  of  wire,  it  induces  two  secondary  currents  in 
all  the  other  turns  of  the  coil ;  the  first  current,  which  it*  induc^Ml  when 
llie  eireuit  is  closed,  moves  in  the  opposite  direction  to  the  primary  current ; 
the  siHXiud,  which  comes  in  existence  when  the  circuit  is  brukt-n,  has  a 
motion  in  the  same  direction  as  the  primary  current.  The  t>lft*ct  of  the 
latt4<r  is  added  to  that  of  the  primary  current.  Hence,  if  a  wire  coil  bo 
mihle  pari  of  the  conducting  wire  of  a  weak  electrio  pil*-,  and  if  the  pri- 
mary current,  by  means  olf  an  appropriate  arrangement,  be  made  and 
broken  in  rapid  suooeasion,  we  can  increase  in  a  remarkable  manner 
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TpeiM  «1i(oh  are  prodaonJ  tA  Ui«  mnm«nt  of  br«*fcing  Qam  drrait,  cither 
ion.  niofa  M  ili*<  AjMUk-diMiui^I««,  or  l»  M«oauUr7 
la  ih«  Mtlon  on  iho  n«TV<«,  or  is  th«  dwwMyuiUlHH 


T^n. 
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If  tlie  two  coppor  wirt-s,  the  one  aUjtij  ib*»  other,  bo  twlaUHl  round  tho 
kAmc  hoIlMW  o^-llii'ItT.  ami  ow:  of  thrtm  wire** — llio  inner  on<%  for  inRlaiicei 
— Ui  madr  part  of  a  galvAiiic  rircuit,  a  rurr.Mit  of  »hart  duration  i%  in-^ 
duosi  in  Ihy  out«r  wirw.  both  hr  making  and  bv  brfaltini;  ttintacl.     Tli* 
vtronf^th  nf  thi!*  rarrenl  can   ht-  Vfrjr  ai)|>r»fL-iabl_jr  im;r«*aAt*d   by  filling  th« 
holloir  <:ylindor  with  a  bund]e  of  thin  iron  roiia,  whcrt'by   mapn.'ti.'  and 
•It^ctricid  induction  are  n^de  to  oo-operate.     The  nwim  friiquontly  ouniact 
fa  aU««fn;it..ir  raa.J"  and   Irmken,  the  Frrat«?r   in    the-    nutnlwr  of  lndm-«l 
ourrrnts  tlul  follow  i-aK-h  otUrr,  and  the  morw  p-iwerfu!.  within  rartaia 
UmJU.  is  the  action.      By  an   iugenioiut   contrivance,  the  invention  of  Di^ 
Keef.  in  whioli  contact  U  made  and  broken  by  Die  carr€.nt  lt«cir.  *"«*»»;• 
ductiou  app.iratuit  actually  lieccimm  an  electrical  roa*iUiue.     Km-  *^  «xhi>nla 
thr^  original  apparattid  ftliuhtly  nio,iifi«i.     Tho  arrang«i»nt  ooufli«U  vtupn^ 
Uallv  of  an  el.wtic  w.pp.;r  strip  n  «',  which  is  Axed  at  a',  and  carri.^  at  ^  a 
•mail  plat^  of  B-)fl  irou.     The  Utt.T  hanff»  ov.-r  tho  imn  rorla  "f  lUe  indm^- 
tion  c.il,  which  an»  aomewliat  raw«l  in  thin  particnlar  \^int,  but  without 
touching  them.     The  i-nd  n  of  tli.-  L-*,pp*-r  ritHp  i»  cover*^  will*  *  Htllo  pUi^ 
of  platinum,  which  pn^.*  afiainHt  a  pl.itinata  point  of  the  Bcr«'W  r.     Xh« 
current,  having  trav-«Tr«Hl   th.'   inmr  oiil.  paH!*i"«    frmn   th*»  PJ""^  c  to  Iho 
pUt^  a,  in  order  to  return  throoRh  Ih.*   cx.pp«r    «tr*P"  "    *"**  ^"«  wir«  .. 
Bjr  the  paasa^o  of  th«  current  tlie  irou    rr^la    \^^^*^   beixnue  ma«nei\c  ami 
attract  thfl  iron  pUu<  6.  where1»y  the  mid  a  «>f  ^'>*'  f'PP'"'  «»rip  is  r.»moTi!d 
from  the  platinum  point,  and  »intact   i«    brok«-"-      /*"^  "  J^"**"  »»  tho  cut- 

n-tuniH  to  lU  former  ,K«itin„.  a„a  ,.,tnbIi-U.^  '^'^^f  ihX'r  u^  «^  ^^'^  "^^Wl 

of   ilif 

th*  tv  -I. 

was  flrnt  tuadu  by  Dr. 


l.>sitinn  of  th^Hprjup  ^^^^      «»". 
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the  laiit  few  yeara.  RubmkorflT  espedallr,  by  a  more  perfect  isolation 
the  wir«i  ooila,  has  sucoecciwl  to  a  much  grriiler  extent  in  preiwrviug  th** 
eleotricai  induction.  Ue  has  thus  uhtalnwl  a  t>tate  of  electrical  tension 
which  rustimbles  that  produced  by  frictinual  electridty,  oapablo  of  giving 

Fig.  78. 


rks,  and  shnolcs  of  un('ndiiral>lu  forc^.  By  irn^wns  of  RubiiikorfTs 
ire  h&fl  etfeoted  doo«)iit[Hisittr>nH  in  wfttrr  and  othiT  bad-^*nndui-t)ng 
liquids,  wliich  reheniblt^  thoHi*  nhlaintfl  many  y**an!  ago  by  WolloHton  by 
means  of  the  electrical  miichine.  These  phenomena  of  decomposition, 
wliloh  in  wat*'r,  for  instance,  furnish  oxygen  and  bydrr>gen  at  the  snmtt 
pole,  must  be  distinguiahtMl  frum  true  eU'ctro-cbeniical  deooiupo»itioufi ; 
they  are,  m  faut,  afliiota  of  heat,  oa  Orore  has  pointed  out.  h 


THEBMO-KLECTRICrrr, 

Tn  the  year  1822  Professor  Seebock  of  R<>rlin  disoovered  a  new  Bonroe  of 
electricity,  namely,  inei|uality  of  temperature  and  conducting  power  in 
dilTorent  metals  plaofvl  in  mntart,  or  in  the  same  mutal  in  diireront  states 
of  comprvHsion  and  density. 

Where  two  pif^ces  of  different  metaU.  connected  together  at  each  end, 
have  one  of  their  JuintA  more  heattnl  than  the  other,  an  electric  current  ia 
iuunediately  set  up.     Of  all  the  metals  tried,  biamuth  and  antimony 

Tig.n. 


the  most  powerful  combination.     A  single  pair  of  bar^  baring  one  of  their 
JanetSons  hcjkteA  xn  the  nuuintir  shown  in  0g.  79  can  dffvulop  a  oorrvnt 
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enongh  to  daflact  a  oomptM  needlt)  plac»d  wHhin  ;  uid,  faj  arrang* 
\ag  a  number  in  a  seric*  and  heatiog  their  alternate  ends,  the  IntonAii^ 
«f  the  current  maj  be  Firry  much  increased.  Uuch  an  arraugeoieut,  r«- 
pnsent^pl  in  flg.  tM,  ia  called  a  theriDo-i:l«iL'Uic  pile. 

Th»*  current  produced  by  this  Uwlrumeiit,  **\Kti  with  a  great  number  of 
alterations,  u  exoeediogly  fet^ble  whrn  ctmipAred  with  that  pmluoed  by 
Ui«f  roltaic  pile  ;  but  the  tbiTTnnmultiplicr  plaofvl  in  onnt&ct  with  a  d«U- 
cal«  galvanneoope  forms  an  instramcnt  (or  measuring  stnall  variaiions  of 
temperaturr,  farsarpaseing  indelicacy  the  most  sensitive  Air-thenumufter  : 
tthlMi  rendered  moat  important  serrtce  in  the  study  of  radiant  heat. 

AXIXAL  tLBCniirTTT. 

Certain  flahes,  as  the  torpedo  or  rlpctrir  ray  and  the  plw-lric  eel  {Gym- 
0irrtricus).  of  South  i^mertca,  nre  ftimi^hcd  with  a  aprtrial  nrpsn  or 
apparatus  for  developing  t'leotrio  force,  which  fs  rrnployfd  in  defrncr.  or 
in  the  pursuit  of  prey.  Klo«'lrii:ity  is  h4*ri*  wvu  U*  Itv  vUmvly  tyinnvet4fd 
with  uervons  power;  the  sh<K'k  is  girt^D  st  the  will  uf  the  aiiiuial,  slid 
gn*.at  exhaustion  follows  repeated  exertion  of  the  powvr. 


I 


PART  II. 


CHEMISTRY  OP  ELEMENTARY  BODIES. 

It  is  convenient  for  many  reasons  tn  commence  the  study  of  the  elemen- 
tary bodiiifl  with  those  which  ent«ir  into  the  compositioD  of  air  and  water. 


r 


OXYQEN. 

Atomic  weiglil,  lb— Symbol,  O. 

Oxygen  was  diftoovered  in  the  y*>ar  1774,  hy  Soheele,  in  Sweden,  and 
PrioBtley,  in  KngUnd,  indeiJendt-utly  of  eac'li  other,  and  dt^frilMMl  nnder 
llie  tenna  rmp^rtai  air  and  t/fftJ,ifHjUticated  air.  The  nnmf  oxygen*  was 
i;iven  to  it  hy  Lavolfliftr  some  time  aftrrwnrd.s.  Oxygen  fXiHtJi  in  a  free 
and  um;nuil)intMl  t^tate  in  the  atmiisplicn*,  mixed  with  another  f^ajteuus 
lK>d>\  uitHJ^'t-n.  No  viTy  gix*-!  diri-cl  means  exi;*!,  hrmt'vtT,  for  t«o]>arating 
it  frtrtu  the  latter  ;  and,  aocordinKly,  it  is  alwavH  nhtainctl  for  purjKisefl  of 
expi^rimi'nt  by  deooiupoiting  certain  of  it«  compounds,  which  are  very 
nunit*n)U8. 

The  red  oxide  of  mercury,  or  rrrf  precipitate  of  the  ohi  writer*,  may  bo 
emphiyt^l  for  this  pnr]M«<>.  In  thin  HutMtance  the  nttractinn  which  holds 
toj^fther  the  mrrcury  tiud  the  oxygen  is  Mi  feidile,  tlial  itlmph^  exposure  to 
Ueat  suffia«  to  bring  aUmt  decomiMi«itinn. 

The  red  pre^-ipitalo  ift  plncvd  in  a  Mhort  tnln?  of  liard  glaRs,  towhirh  is 
fitted  a  perforated  crork,  furnulied  with  &  pie<re  of  uivrruw  glass  tulH>,  tient 
as  in  fi>{.  HI.     Thu  heal  uf  a  spirit   tamp  b«'ing  applitnl  U\  tlie  ^ulwlanee-, 
d«vomp<Mitinn  BjH't^^Iily  oommpneifs,  and  glolmles  of  metallie  merrnry  rol- 
led in  the  eool  part  of  the  wide  tube,  which  answent  the  purjwwe  of  a  rt*- 
tort,  while  gad  issnett  in  conhidfrable  (|uantity  fr<mi  the  apparatus.     This 
is  collectwl  and  examined  liy  the  aid  of  the  pneumatic  tmngh,  which 
ts  of  a  vt!S»el  of  water  [irovidtnl  with  a  Hht-lf,  ii[Hin  which  stand  the 
or  bf>ltle»  destined  to  r»*ceive  the  ga»,  fille*l  with  watt-r  and  invertrtl. 
^  k«w>|king  the  level  of  the  liquid  above  the  month  of  the  jar,  the  water  is 
wistmil  in  the  latter  hy  ih««  pr(Mifliir«>of  the  atmn»phere,  and  entrance  of 
iirta  iKVTent*'*!.     When  the  jar  is  bnmghl  over  the  extremity  of  the  gas- 
tube,  the  hnhhlr«  of  gas,  rising  through   the  water,  eidlect  in  the 
p*rt  <it  the  jnr,  and  dispUce  the  liqtiid.     As  S'^m  a«  one  jar  is  filled, 
r  b*  trrooved,  still  k<M-ping  its  mouth  below  the  wnler-level,  and 
sskvtUnted.     The  whnle  arrang.Mnent  is  shown  in  fig.  J?l. 

it  here  d»*cribed  is  rnorf'  instrnctive  a?  an  inalanc^^  i>f  thA 

%y  simple  means  nf  a  nompfmn<l  »H>dy  into  its  constituents,  thatt 

m  a  loorcr  of  oxygen  gas.     A  better  and  more  economical  method 

in  a  retort,  or  flask  fnrnislied  with  a  Iwnt  tube,  a  por- 

»^A  mIM  potassium  chhtrnte.     A  cr»mnion  Florence  flask  serves 

V«t  of  the  spirit-lamp  bi'ing  sufficient.     Th<»  salt  inclla 

■b  ebaUUion.  yielding  a  very  large  quantity  of  oxygen 

mM,  soil  >•'  a  root  slgnlTf  iog  produottoa. 
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gas.  which  may  ho  cnllcelAl  In  Ihc  way  aboro  dwirrih*^.  The  flrnl  poHitm 
at  tit*'  pas  ofti'n  tvintaiiifl  a  IlliJe  nhlnrine.  Th*?  wUii*^  salim-  rf^idii**  in  Iho 
flask  i*  pfititAAium  rhlorMA.  This  plan,  which  ia  very  cany  of  oxfH'utiwu, 
u  alwayit  adoptiMl  when  rery  pare  ga6  in  required  lur  analytical  parpotMsa. 

Tig.  n. 


H 


A  third  method,  rvrj  good  when  perfect  purity  i»  not  deraaTided,  ia  to 
heal  to  rodneas,  in  an  Iron  rttlort  orgun-lmrr*'!,  tiie  hlaclc  manganese  oxide 
of  nJiiuit>>rc«',  whicli  under  thctti*  cirouniHtHiKi>»  >futrHrh  decfjmpOBitiun,  al- 
tiiough  not  to  the  extent  nmnif^'Ht  in  thr-  nit  }>r)'rjpitato. 

If  a  little  of  thf  black  inan^rnnt-sc  oxid**  W  fini-ty  powdered  nnd  raix«^d 
with  ]»ota.n)ttiim  cliloratc  nuil  tlii«  tnixtnnt  Iieatrd  in  a  flaitk  or  fftort  liy  a 
l»nip.  oxynfii  will  Im'  diseiitfn^'iM  with  the  utmont  facility,  and  at  a  far 
luw**r  t^uiiHTSture  tlian  wlieii  tlio  idilorato  al«ne  is  um-d.  All  tlie  oxygen 
comeH  from  the  ehlorate,  thr  niangAn«*»t^  rfnmiiunf;  quite  nnftltJTt'd.  Tlie 
roalnriaU  ^h<nlld  l»e  well  dried  In  a  i-apsnle  iM'fure  tlieir  intrcMhu'tKin  into 
thr  flnxk.  Thi«  expfrimmii  arfurd^  nn  infitaiiceof  an  effet-t  l»y  n«i  means 
rartf,  in  which  a  hody  ■j-H-niH  Ut  art  by  its  mere  prertcnce.  wilhnnt  taking 

y  nttviou.H  part  in  tli»'  rhani;H  itr<»uglit  alKnit. 

llclhoils  for  lh»'  pri'jiarattnn  ofiiicvgcn  nn  a  larjrf  scale  will  be  Toand  de- 
mtINnI  und»T  the  iu'a<Ifl  of  sulphuric  acid  and  harinni  dioxide. 

Vr'hater^r  mr>thod  be  choH^n — and  tlie  tiame  reiunrk  applit's  t()  tho  eol- 
Inc-tinn  nf  all  r>ther  gases  by  similar  means — tli**  first  portions  of  fznn  nnisl 
Iw  pnlTerpd  to  escape,  or  Iv*  received  apart,  is  thoy  are  contaminated  by 
the  almosplif^rie  air  of  tlit»  nppnratns, 

Th*«  pfBctir.it  mannfement  of  jjases  it  a  point  of  prent  importanro  to  th« 
rhemiral  stndenl.  and  one  with  which  he  must  endeavor  to  familiarize 
him«''lf.  Thn  watfT-tmnph  jn-it  dt'sorihed  is  one  of  the  most  indispi-nsiible 
arti'T*-*  of  thf  lahoratnry,  .ind  hy  its  aid  all  experiments  on  pa«r*s  nr«»  rar- 
rir.1  on  when  the  pnw-s  themsHves  are  not  Sfnsihly  arte<l  npon  by  walT. 
Th»«  tronch  is  i»ost  nons1rnete<l  of  Japanned  copper,  tJie  form  and  dimen- 
sions brinj;  regnlaled  by  the  macnitnde  of  the  Jars.  It  «honld  have  a 
flrra  nhelf,  «o  arrnnced  as  to  be  always  al>oiit  an  Ineh  below  tho  level  of 
Ih**  wat^r,  nnd  in  tlie  shflf  a  ETonre  should  be  made  nbont  half  an  inch 
in  width,  and  'he  same  in  depth,  to  odmit  the  extremity  of  the  dtdivery- 
tube  1>eneatb  the  jar,  which  Mandu  securely  upon  the  shelf.  When  th* 
U 
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flff  W.  pnoimiatir'  trouj^h  is  wqnire*!  of 

tolerably  largu  (limHit^ionH,  it 
umy  Willi  great  Hdvautngv  linvj( 
tliii  form  ami  diBiHttiliuus  ri>pt 
uti'iitinl  in  fig.  i<'l.  'Thv  viul 
1 1  It'  griiove  Hpiiken  nf ,  w  U  icli 
LT«ss<'S  the  tihelf  or  tiUttllow  pur- 
tinn,  is  Khifwn  at  ». 

Gam-s  nrt*  traunftTr*^  from  jar 
to  jar  HJlli  thf  utiiKi&t  faciUljr, 
ity  first  lUliiijf  the  vi-jwel,  intf 
Wllk'll    the    glUJt    is    to    Ui   pIL»i)4^>d 

with    wattT,    iuvertiiig    it,  eare- 

fiilly  rt-tKiiiiiig  itt*  iiumth  iH'Inw 

tht'  wutcr  levt'l,  and  then  hriii;;- 

iiiK  lH*nt>Ath  it  the  npurtare  of  t!ie  jar  ixiiUaininK  Ihi?  gas.     On  gently  in- 

olining  thu  latter,  thu  giu  pasitm  Uy  a  kind  of  invertml  deoAntation  into  tLe 

aooond  vt*8<0.     Wlu'U  the  iatler  in  nnrrow,  a 

fuun*'l  may  !«•  pliirt«<l   lotittely  in  its  ni*ck, 

which  latM  of  gaa  will  be  prurtMited. 

A  Jar  wholly  or  partially  filled  with  gas  at' 
the  pneuiii:iti(j  tnmgli  may  hv  reinttved  hy 
placing  iKMienth  it  ashalK'W  haHin,  nr  even  u 
common  plate,  st»  as  carry  away  enough  water 
tn  cover  tlie  edge  (»f  the  jar  ;  and  many  gaaea^^^ 
enptHiinlly  oxygen,  may  be  so  presvrviid  loi^H 
many  hour;)  withnut  material  injury.  ^^| 

(ioa-jart)  art*  often  capp^yl  at  tho  top,  and 
fitted  with  a  »topc<ick  for  transferring  gai4  tn 
blaildenf  nr  L-aoiitehonc  hag».  When  snoh 
Vessel  in  to  l>e  Illled  with  water,  it  may 
slowly  sunk  in  an  upright  posittun  in  lli« 
well  of  the  pueamulic  trough,  the  HlopciHTk 
being  open  to  allow  the  air  to  i^ifcajte,  until 
th>'  water  renclH-fl  the  hra.'^H  eaji.  The  Ltn-k 
Is  then  to  bn  tamed,  nnd  the  jar  liftttil  u[K>n  the  »helf,  and  lilUHl  with  gas 
in  the  asunl  way.     If  thu  trough   U^  imt  de*'p  enough   ftr  thiii  uii'thod  u^^H 

pnx't't'iUng,  the  month  may  he  applied  tfl^| 
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the  htit]K4>ek,  and  thi-  vot>f*el  titled  by  t^n ek- 
ing i»ut  the  air  until  (he  water  rises  to  the 
vnp.  In  all  e.,')8eH  it  Ih  projxr  to  avoid  aa 
mueh  an  po'^ihle  wetting  thu  stopuucke 
and  other  hratirt  apparatint. 

Mr,  IVpyp  t«»ntrlved  many  years  ago  an 
admirable  jiiece  of  apparatus  for  storing 
and  retaining  largo  quantities  nf  ga*.  It 
e«msi!<ti^  of  H  drum  or  reHi-rvoir  of  slied 
wppi-r,  -iurujounte*!  by  a  shnllnw  trough 
or  cialem,  the  rommuniration  ln-tweeri  th 
two  l»?ing  made  hy  a  couple  of  IuIm^  fur- 
niched  with  stopixicks.uiie  of  which  posa 
nearly  to  the  bottom  of  the  drum,  as  sho 
in  lig.  S4.  A  «hort  wide  open  tul>e  is  in- 
serted obliquely  near  the  bottom  of  the 
vessel,  into  whloh  a  plug  may  ho  ttghtljj 
srrew.ll.  A  «top«iKk  near  the  toj)  perv 
to  transfer  gas  to  a  bl»)df>r  or  tnlw  apji 
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A  gUfts  w&tfir-^anfrr'  nffixod  to  the  kMo  of  the  flrora.  nnd  oommQiii' 

t»ti|5^  with  lx>th  t<t|t  .iii'l  '-'" i'flinat*'**  111!'  li'Vol  of  tin.  Iit|ui.t  uitliiti. 

»  list*  tht«  gti<t-lii)lil<'r,  iin>t  to  Ih*  bitmivinI  ittUi  Ih*'  limcj'  njit* 

aD«l   the  drum  tHitup.  t  with  wator.     AW  thrtr<*  fct'j]K'<.K'k» 

'n  to  b<>  clfHv*'!  *nil  the  I'ltig  rfiiti>V(>«l.     Thi*  pns^iiri-  uf  Itu^  atiunsplu-i 
kills   the   iralf/r  lii   th«<  gns-hulJor,  Ami,  if  nu  air-lfaknt;**  ixHrure,  th 
:«!>*•  nf  WAtrr  16   inw>ni»i<l'-rttblij.     The  extr»?niitv  of  th«  dflivrrjf-tuln* 
)W  to  bf<  fruU  puahtnl  throajj'h  thv  oiK<n  ap^Tturu  ihtu  th*^  tlruiii,  so  thi 
i*^  bubbUu  uf  (fris  niny  rist*  withuut  hiudruiu-4>  to  the  upjH^r  part,  <ii»\i 
•;Z  thr  water,  which  Ouwh  imt  in  tht»  nftnn-  prujKirtiitn  iiit<i  a  vi-siu'I   pl/uf^l 
its  reception.     Whon   the  drum  is  ttlhxt,  or  t'liou^^h  friw  has  tn-cii  col*] 
[el,  thtf  tuU}  in  withdrawn  nud  tUi<  plug  »i*rf<wiNl  int^i  lt»  plmw. 
Whvti  a  porlioa  of  th»*   eaa  is  to  hp  tran!*f»'rr*Hl  to  a  jar,  thi»  latter  la  !•■ 
fllled   with  watt^r  at  thi*   pniMimstit*  tnxi^'h,  carried  by  the  help  of 
Lii  or  plat«  to  the  cUt^'tti  nf  ttio  gmt-hol'lcr,  and 
•Md   o7i;r  the  *.ho!t»'r   tu^H;.     On  op<rning  the 
•W  ot   the   utMj^hbnrin^    tuln*,    the    hydnn^tatio 
►rr34ur(*  nf  Ihr  r<duniii  nf  wat»T   will   rauM.^  coiii- 
•.ision  (if  tht'  f^M,  aud  incn^nse  it*  clastio  fnrne, 
that,  uii  g4fntl/  -tiirniii};   thi*  y>m'V.   beneath  tlie 
,  il  will  Ndo^Mid  into  the  latter  in  a  rapid  strr-am 
babbles.     The  jar,  when  fllliM,  may  again  hare 
'  plat<'  fdipp'rl  bonnath  it,  and  be  remorod  witb- 
mt  diffi'utty. 

I'.nprrtif  "f  <}t^rirn. — 'l^rcen,  when  friwor  un- 

iiuitiiniNl,  \%  kiiMU'n  outy  lit  the  ^lut^ui**  Mtate,  (dl 

:t>-iiii»u  t<>  rt*'luce  it  lu  the  li<|iiid  or  tiulid  condi- 

«iiby  t*«»Idand  pri"i>*tire  hftvin;;  rfirnplelely  fnil"«l.* 

ht'D  piir-*.  it  in  e -Inrli-fls,  tantele:*!*,  nnd  in(Ml<irnnii. 

Oxyi;en  \^y   bulk   fur  bulk,  a   little   heavier  than   atmoflpheHo  air,   tta 

ific  gravity  b«*ing  1.10503,  ri'f»*rred  t*»  that  of  air  as  unity»  and  16  re- 

'rre<l  to  that  nf  hydrngen  as  unity.     A  litre  nf  oxygen  at  the  otandard 

•mperaturit  ani  pre^Mtire,  that    iff  to  say,  at  tP  C.  and  7tfO  niiilinietriv 

>.nrom''tri<'  pn««nfe,  Wt-ij^dis  1.4:UfJH  j^rrnm.     At    lf».50  ((J()0  j.',),  an,i  under 

prf-*3(ire  of  M)  inches,  KHl  rubir  inrhcji  nf  the  gan  weigh  ;i4.'il>  grains. 

^en  U  the  •oistainiug   |irincipli*  of  animal  life,  and  of  all   the  onlU 

phenomeua  of  coinhiiHtion.     Bo<llea  which  buro  in  thtt  air,  burn  with 

Illy  iu'Tt'.ised  splendor  In  oxygen  gas.     If  u  taper  U«  blown  out,  and 

1  introluL^ed  while  the  wick  reniaiuH  red  hnt,  it  ih  itiHtantljK  rekindle*!: 

ip  of  W'iod  or  a  match  Ih  relighttKl  in  the  nauie  manner.     This  t'lTect  ia 

lighly  eharaclerisLic  of  oxyg'Mi,  there  being  but  oiu«  other  gas  whUdi   ikm- 

ka^v^  the  •iainn  property  ;   and  tin;*  is  eanily  di8tingtiif*h>Hl  by  nthi-r  nn^anH. 

*he  exp'*riiuent  with  the  match  in  al.4o  oonHtantty  xv^t-A  an  a  rude  tettt  of 

lo  purity  fif  thrt  gtw  wh»m  it  is  alKuit  to   !>•>  fi.|li-<-tMl  from  the  retort,  or 

lien  it  has  fitood  for  florae  tinir  in  rtmtaet  with  water  nxposcd  to  air. 

Wlimi  A  bit  of  charcoal   is  affixed  to  a  wire,  and  plunged  with  a  ttingle 

lint  r^d  hot  into  a  jar  of  oxygi-n,  it  burni*  witli  great  brillianoy,  throwing 

boantiful  tidntillationa,  until,  if  tho  oxygen  Ih)  in  exeesa,  it  is  nun- 

letidy  eOMMumnd.      An    Iron  wire,  or,   Htill    bctb-r,  a  Btfel   walcli-ttpring, 

tmurl  at  its  extremity  with  a  bit  nf  light<^l  nrntijlnn,  and  inlriMlncod  into 

veaijt'l  of  osyijen  gas,  exhibila  a  m«wt  beautiful  phennnn-iinn  of  I'onibus- 

ion.      If  th-*  exptriiii.'nt  Im*  mad>*  in   a  jnr  standing  on  n  plati',  tin-  fuKitd 

t1obult!:«  of  Mark  iron  oxid>*  liv  ilii*nutelvi-s  in  the  glaze  of  the  1aU*<r.  after 

lUing  through  a  stratum  of  wnt)*r  half  an  ineb  in  ib<pili.     Kindlifl  kuU 

»har  bums  with  gruat  beauty  in  oxygen  ;  and  phospliurus,  under  aimiUr 

•  It  hit  r>e#a  litHy  announced  thtt  M.  Rioul  PIctft,  of  Qenvva,  1\m  tU(XM<l«A, 
reilurJii^  oKfgvu  to  tiie  i/quJU  ttatv  by  ooUl  auO  lutcuiu  pressure. — U.  B« 
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I'tri'umstanoos,  AxhthiU  a  stplontlor  wlii(?li  thi>  oy*»  m  scarcely  able  t^  iiup- 
(Hirl.  in  uacb  caso  the  burning  Uxly  eniitnt  into  com  filiation  witli  Uiu 
oxr^i?tn,  forming  a  com[K>uii(l  called  an   oxide.  ^D 

Wheu  a  btKty  burns  in  oxygon  gOA  lite  saute  ultimate  nfTcct  is  producs^H 
HA  in  atiitui^pliffic  air;  llii'  nc-tiou  la,  liuwuvt'r,  lunrt*  eiier>;etii%  from  tlie 
ali:R>nL-4*  of  the  gas  whii-lt.  in  tho  air,  dilutes  Ihi*  iixvp>u  uud  »*ufet^li|e»  tt« 
chemical  iK)W»?ra.  The  procves  of  ritipiratiou  in  animals  in  an  rffeirl  of  the 
iiami'  nntorv  ast>uminoii  ixtmbustiou.  Thebloixl  ixiutaiiia  suljstaucnt  which 
slowly  burn  by  the  aid  of  tht)  uxygt>n  tlius  iutroducvd  into  Ifau  ityatcm. 
Wheu  tbi«  mctiuu  caamm,  life  bouumes  ejctinot. 

Osone. — It  has  long  b<>t)n  known  that  dry  oxygen,  or  fttraoaplicrie  ah 

when  exp<wed  to  the  actitm  of  a  aeriwi  of  el«clrio  sparkb,  emits  n  peculii 
and  nomewhat  mifLallic  wlor.  The  same  odor  may  be  imp.trt«f<l  to  ntoii 
oxy*'4'n  by  :illc>wiug  phoriphoruH  to  remain  for  some  time  in  it,  und  by  seven 
otUor  processes.  A  more  accurate  exiuuiuatton  uf  this  (xloruus  air  hj 
shown  that,  in  addition  to  the  emell,  it  pusseBUetf  sereral  properties  m 
rxhibitvd  by  oxygen  in  itii  oniliiary  tstatu.  One  of  itu  moot  eharaeti'ri&tii 
eRrets  Is  the  lil>eration  of  iodine  from  potahflium  iodide.  Thifi  odnmi 
principle  liajn  been  the  aubjeot  of  uinny  ruHearchi^,  in  piirticular  by  Schoi 
boin,  of  Battle,  who  jiruposed  fur  it  the  name  of  o«oue.* 

An  eiLity  mt<lli(>d  uf  exhibiting  the  prtHludiou  uf  ozone  ia  to  transmit 
cnrrnnt  of  oxygen  thr.xigh  a  tub«  inlo  which  a  pair  of  platinum  wires 
(feaUHl,  with  the  p'lint?*  at  a  littU  distunre  I'lmrt  ;  on  connecting  one  of  II 
vrircft  with  the  ]trimt'  oimductor  of  an  ele<-trieAl  macliine  in  good  actional 
ami  tliH  other  with  the  ground,  th«  characleristif  (nlor  of  ozone  Ib  imm(.>di 
ately  develop'^   iu  the  issuing  gas  ;    but,   uotwithtttanding  the   puwerfi 
i^lor  thus  pnxluced,  only  a  small  ]»orliun  of  the  oxygen  undergoes  thi 
uhange.     Andrews  ami  Tait  liave  sh(M^u  that,  to  obtain  the  muxiiuum  a§] 
oumo,  it  is  ne«_»saary  to  tranmnit  Ihedisrhurge  »ileiitly,  l»etwi'rn  very  fin*j 
points  :  if  sparks  are  nllowcil  to  pustt,  a  cMJUHiderable  portion  of  the  o£t> 
in  recoiivt^rte-l   into  (n-diuary  oxygen  us  fust  us  it  is  fonut^t.     Siemens  prfl 
pan^  <iXitni!   by  inductiitn  :   he   forms  a  sort  of  I^eyden  jar,  by  eoatinji;  th4 
interior  of  a  long  tu>:>o  with   tinfoil,  and  passes  over  this  tulw  a  seeoni 
wider   tul>e,  (X>nteil  with   tinfoil   on    its  outer  surfiiLH'.      Between  tho  lw4 
tnbttB  a  current  of  pure  dry  oxygen  is  passed,  which  ttocnmes  eleptriHiHl  bj 
induotion,  on  connecting  the  inner  and  outer  coating  with  thu  termini 
wires  of  an  induetionMiuil  ;  by  this  means  it  is  said  that  from  10  to  li 
cent,  of  th«  oxygen  may  Iw  eonverttHl  into  ozone. 

Ozone  may  also  beohtaineil  in  several  ways,  without  the  aid  of  electri- 
city; thus  it  is  fnrnw^l  iit  small  ipiantity  when  a  stick  of  jdioftphorna  is 
BUspcndtMl  in  a  bottle  fllb^d  with  moi»t  air  ;  in  the  eleetrulytie  decoiu[>oai- 
tion  of  water;  and  by  the  action  of  stnmg  sulphuriu  acid  on  potassium 
pi'mtang.inat*'.  ThtTo  has  Iwen  considenible  discussion  about  the  nature 
and  eomi>ositinn  of  nxone  ;  but  the  most  trustworthy  expenntents  seem  to 
show  that,  in  whatever  way  pn»ducc*d,  it  is  merely  amodifietl  form  of  oxygen. 

Oxone  is  insoluble  in  water  and  in  solutions  of  acids  or  alkalies,  but  it 
is  aljsorlNwl  by  a  solution  of  |M>tru>Mtum  iiHlJde.  Air  charged  with  it  exerts 
an  irrit^tim;  nation  nn  the  liiitLTH.  (>/.nne  is  d*_-com[f«isc<I  l>y  lieat,  gradually 
at  I(H.»o  (2lilo  K.),  instantly  at  2900  (f.ft-io  K.).  it  is  an  ex'tn-mely  powerful 
oxidizing  agent  ;  possesses  strong  bleaching  and  disinfecting  powers;  cor- 
rifcltrs  cork,  uuiutohouo,  and  other  organic  subiitanot«  ;  and  rapidly  oxidizes 
iron,  (^>p[>«<r,  and  even  silver  u  lien  iiiotMt,  rut  well  as  dry  mercury  and  i«Miine. 
It  is  remarkable  that  the  alisorption  of  ozone  by  these  and  other  agents  la 
out  atttiudedwltb  any  contraction  uf  volume.    The  explaaatiua  of  tUia  Caut 


*  From  Stiff,  to  emit  an  odor. 
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tp*-Ar«  tn  lie  that  itxyfftm,  whtm  oximixml,  iliTniiiif<U<«  in  rnliiTnc  (in  tht< 

lifiu  tff  3  t<t  2,  At-iNinliiig  to  8or<<l),  nitil  lliat  wli^'t)  ihi  .tjt.nr  jH  tlrt-oin- 

b;r  a  tiiMal  nr  tttli*<r  rtijlHtaiiov,  mie  portion  nf  it  '  '''imbina- 

whiU'  tlu*  r>-iuaiiH]<'r.  wUi'h  u  fu<t  frM<  a»  onliiiui  !.  oocupk-ji 

SAtllM  bulk  Afc  tll«'  olOUtt  itrttlf. 

It*  m«]*»t  4lf-Ui*At<4  tf»t  for  lljf  |irmtt*iMi)*  of  nft(in««  In  ftny  !(■"<  ^*  ftilordcK]  l^y 

t-'iiiN]  Hilli  u  iiiivtiiri*  of  fttttrcli  iin<l  soltition  of  |>oIa3- 

II  ^iuf;  Huch  pii)M*r  to  Ihc  action  of  oioiif,  ibv  |K)tJw>hiuiii 

'. ,.'.1...    ltd   {>4fta.i?>iiiiii    i^iiiiihiiiiii);    nilli   uKv^fii,    wliilr  tlin 

toe  is  liU-ral^xi,  »nii  form.-*  u  .ln.ji  )i1tiiT.>ini>otiti(l  with  Iho  tdnrrh.    Now. 

pap«'r  thim  prt'pnri-rl  i:^  rx(Mwit*(|  to  i)m>ii{mmi  air  for  tlvi*<>r  tru  luiiiuttv. 

It  ofkon  «iM4uir('!i  a  bhii^  tint,  tlif  iut«udit,r  ot  wbicb  VAri*-«ioii  dilforfiit  >i»j». 

^rtioe,  it  IS  *u\i\nn^ti  Utat  uxniiu  is  pro»i!iit  in  tht*  air  in  vnrJnblH  quantjtr. 

tt  i(MlinM  01%/  b**  litMTati:-^!  fruni  iM>l«Mttum  imliiic  b,v  tiiaiiy  otltt^r  o^cDts, 

i)*ociikil/  bv  irrUiu  oxiilfH<»f  iiitroj^fti.  wlilcb  art'  wry  Ukrly  to  Ut  pri«4'nt 

tbe  air  in  iutuutt«  4tirtiititifri  :    bctit^*',  tlio  gzistviUMQ  uf  vuaj»  in  Iba  air 

intit  \h*  pn>vi>l  b,T  tbisi  ri'uetioii  aloiti^. 

Houxt>au  batf.  bowever,  ftboHii  tbni  a  nolntionof  polMsiam  {oftidrpxpcwed 

the  air  in  th#  oi>on  conntry  boonii..»  alkaliiit*  ;  hu  tyftwi  w  bieb  t-jiiniot  ti* 

ttribnliKl  to  nitruui)  acid.     Mori^H.>v<>r,  AuiImwh  llmU  tbnl  (b^  ronntiimnt 

the  air  which  8«parateH  iodine  from  |>•>tn^Htum  i(Kiid>'  itt  (ltt«tr<'7cvl  b;r  tbu 

itilluHi«-t^  aa  o2un€t,  vis.,  by  a  toniptraturo  of  S^"*-*  (4.'>y^  K.),  or  by 

with  mangKueae  dioxidf  and  otbir  i»i-roxldc£.     The  preaciico  of 

in  t))e  air  can  therefuro  no  longer  Uf  duiil)t<*(l. 


Oxides  ^Oencral  Laws  of  Chomical  Combination, — Cbeml* 
Nomeaclatnte  and   notation. — Tbo  ctini|>ouuiU  lumail    !•>   tJio 

ttiou  of  Mxyj^fU  with  othi-r  Ixtilitw  U'lir  tbt*  gi'ncriil  naint*  of  okidrs  ;  Ibcjr 
vvty  niiin<'roiiH  and   iniportanl.     Tbt>y  aru  rouvciiifntly  dlvidt'<l  into 

iriu*   jii'iiinpal   ffnuipH  ur  ula^iifH.     Tbe   firtit   diviniuu  containii  all    iUotm 

lides  which  r<-»ouibIu  in  tlo'lr  cbi-mical  relationtt  the  axiUi^  or  [totn.iniuiu, 

dium,  ulver,  or  load  :  tbt^v  aro  denominated  alknlint-  ur  bniiio  ux- 
idt.'*.  Tlie  uxidi'S  of  Ibi' srioud  group  liave  propvrlit*:*  opjHiiwi  to  tboite 
'tti  the  lHKlii<«  mcntiniind  ;  tbo  oxidi»  of  sulpbiir  and  pbo^pbnriiM  inny  \m 
taic«*n  iw  typii'Al  ri>|ir.*sfntaUv(*H  of  thi?  v\asi<  ;  Xh^y  ar«*  calb-d  neid  ox  idcH, 
»nil  are  rjlp»t>Ie  of  uniting  wtlb  tbe  liAair  oxidtii,  and  forming  ninifKiunds 
calb-d  HnltN.  Tbaii,  wbfn  the  oxidu  of  oulpbur.  called  sulpbiiriu  uxid(% 
in  pjuMi*d  in  the  Plate  of  vapor  over  b»*ated  barium  oxidf,  omnbinntion 
tAki-s  pla(*«»,  attt-nii*-*!  with  vivid  itu-andeswniv,  and  a  kutt  railed  barium 
»ulpliato  lA  pn<lu«:wl,  wntftlning  all  the  elemculh  of  lliu  two  original  bodii*^, 
uatnt'ly,  tuirium,  sulpbur.  and  oxygen. 

Tbi-re  bt  nU)  uii  inl«'rmi-<iiat.'  gmup  of  oxide*  called  neutral  oxidoM, 
from  tbi'ir  Bliglit  ditiM^Hion  to  ent'^r  into  rornbination.  Tb*-  blark  oxide 
of  monganrtic.  alp'0<ly  nM-n(ione«i,  is  an  ^xodb-nt  I'xan.ple.  It  nmsl  not 
bi>  stipiKi^wl.  bow.'V.T.  tb:il  tbe  tbn*e  gr^iii|*  of  oxiden  juitt  mention.-d  are 
ii«*]>aratw1  fnnii  i-aj^h  otlti-r  by  d-^ided  \'uut^  of  df-maroalion  ;  on  the  cim- 
trarv.  they  bb«nd  into  i»nt'  ttnoIb«>r  by  imperceptible  dogreeu,  and  tbe  Banie 
oxido  may.  in  manjr  oatu«,  exhibit  either  acid  or  ba»ic  rclaiiona,  according 
to  the  dreiimfltancwi  under  which  it  i«  plao^. 

AnKTOg  MnltH  lloTe  iha  pnrtimlar  grnup,  nam.^ly,  the  hydrogen  saltfl, 
eotitaining  tb.*   .b'tucnlH  (if  nn   add   i>xidi'  and  waUr   (hydrogen  oxide). 

which  are   j-h.    <li^tiiip,ii>hod  ju»  acids,  bt-tautie  many  of  tbem  po*i- 

H^4  In  an-  i-ce  tb.- proptTlb*  to  which  the  term  ao  id  is  gt-mTnlly 

appliH,  Mil  tr  mute,  e*)rrr>siv#»  artion.  ^nlubility  in  Wftl*T,  and  ibo 

1KIW.T  of  r«*.bi.'fiing  ivrlain  blue  r.v'tftbb'  color*.  A  ibiirHuterislio  i>ro- 
l^riy  of  Ihi-ic  acids,  or  hydrogen  anlU.  la  their  |Kiwer  of  exLbanging  their 
li/>lnif;en  for  a  metal  iiratttntwl  to  thuin  in  th«  free  state,  or  lu  Wiv.  Imui  kH 
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oxide.  Thus,  Bul])hurie  acid,  which  contains  sulphur,  oxygen,  and  hydro- 
gen, roadily  diASolvfti  metallic  xinc,  thu  metal  tnkiug  tlit*  place  of  liie 
hydrrtgoii^  whicli  ia  evoIve<l  m  pa^,  and  forming  a  salt  i-ontainiiig  sulphur, 
oxygen,  and  zinc  :  in  fact,  a  zinc  stiljj^atr,  proiuc^Hl  froui  u  htfdrogtn  suJ/thatt 
by  suhiitituttoii  of  ziuL*  fur  hydrttj^fii.  Th«  saiu«*  sulistJtution  and  fortuA- 
tion  of  ziuc  sulphate  take  placv  when  einc  oxidt*  i»  lirought  into  coDUct 
with  sulphuric  ucid ;  but  ill  llii»  vase  th«  hydn->^eu,  iastead  of  being 
erulved  ns  ^as,  rnnuumt  oomhiaed  with  the  oxygcu  derived  Irom  the  xino 
oxide,  lorming  water. 

A  sfrivs  of  uxideit  tnnlaimng  qnatitities  of  oxyg*^n  in  the  proportion  of 
the  nuiulvra  I,  2,  3,  uniled  with  a  constant  quantity  of  another  element, 
ftre  distinguished  as  monoru/e*  dioxid^^  and  trioridr  rivpoctively,  thtj  <ireek 
nuiui-raU  indicating  the  several  dt^oi>fl  of  oxidation.  A  ctinijkound,  in- 
iermodiate  buLwoen  a  monoxide  aud  a  dioxide  is  colled  a  M'M/umxu/e,  «.  tj. : — 

Cbromium.    Oxj'seo 
Chmmium  monoxide      ......     fti,5     -|~      ^^ 

CUrumium  tft>«qu)oxidu  ......     52.5     ^     24 

Chrouiium  dioxide  ......     52.5     -f"     ^2 

Cliromiam  trioxido 52.5     4~     ^^ 

When  a  mtdal  furuut  two  basic  or  laliflahle  oxideft,  they  are  distiuguish 
by  adjectival  torws,  ending  in  oiu  fur  thu  lower,  and  ic  for  the  higher  de- 
groo  of  oxidation,  e.  y. ; — 

Iron.     Osyfcn. 
Iron  monoxide,  or  Ferrous  oxide       .        .        .        .     56    +     ^(i 
Iron  8e«quioxide,  or  Kerriu  oxide       .         /        .         .     5G     -|-     24 

Tile  salt  ff-^iiltin;;  from  the  action  of  acids  on  these  oxides  are  also  distin* 
guidhi^d  as  ferntufl  anil  furrii:  t»alls  rL'H|M-Httivuly. 

Acid  oxiiUti  uf  the  same  element,  uulphur  for  example,  are  also  distin- 
guisli«_vi  by  the  lerminatittnA  ous  and  ic,  applied  a^  al)Ove  ;  their  acids,  or 
hydrogen  sallit,  receive  corresponding  uaint-fi :  and  the  salts  formed  from 
th^rae  a»'i'U  are  •iisiinguirthed  by  n.iinea  ending  in  ite  and  ate  respectively. 
Thus,  fur  the  oxides  and  salUi  of  sulphur  : — 


Sulphnrous  oxid«      .         .         |         . 
Hydrogen  sulphite,  or  Salpharoos  acid 
Lead  sulphite 


I. 

I 


Sulpbur.    OxTren. 

.     ^2 

+ 

32 

.     32 

+ 

48 

Uydrocen. 
Lead. 

.     32 

+ 

48 

+   ao7   J 

SiUphuric  uxidu         .... 
Hydrogen  snlphato,  or  SuJpburid  acid 


32    +     48  a 

Hydrogra. 
32    +     tJ4    +         2 
Ltond, 
Litad  sulphate 32    -|-     (U     +     207 

The  ai-itU  abovo  spoken  of  are  oxygen  acids  ;  and  formerly  St  was  supposed 
that  all  a>  ids  iX>iituiuiMl  oxygen— that  eleuirnt  l»'iit};,  indt^'d,  regArde<l  as 
the  acidifyiag  principle :  Iwm'e  iti>  name  (p.  12t0-  '^t  pnticnt,  however, 
we  are  acquainted  with  many  UkIii'^  which  {lossess  all  tlie  characters  aliove 
specilied  as  U-longing  to  an  acid,  and  yet  do  not  contain  oxygen.  Far  ex- 
auiph',  hydrochloric  acid  (formerly  called  muriatic  acid,  or  spirit  of  salt) 
— wbicli  is  a  hydrogen  chloride  or  iximpound  of  hydrtigeu  and  chloriue— 
ii  intensely  sour  and  iN>rrosive :  r*Nld4'ng  litmus  strongly ;  dissolved  zinc, 
which  itrivcM  out  the  hydr<i(;i<n  and  takes  ita  place  in  nonihination  with  the 
chlorine,  forming  zinc  rhioride ;  and  disnolvps  mr>Kt  nietalHc  oxides*  ex> 
changing  its  hy«Lrogen  for  the  metal,  and  forudng  a  metallic  chloride  and 
wftter^ 
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Rmmiite,  iodlnv,  nti'l  fluoriiii.s  aim*  form,  wtlh  bydroyva, Mid  oonpoandji 

1-  in  tvery  rvnyvct  In  hyilnK-hl.tri''  lu'id. 

:<U  of  cbtorinc,  hrouiitn',  imliiK-,  iJiiorine,  sulphur,   Minium, 

fl.  \--,  etc.,  wiUi  hyJrogin  tiixt  iim^i.-iIk,  are  f;r(iu|>«Nl,  like  tbn  okygen- 

tpuuiitU,  by  tinuips  ^mliiig  in  uie.   Ihii«  we  spt-ak  of  fine  eliloriiU',  vmU 

iuui  lluofi>le«  byUj-oxeii  tiuljihi'lr,  coppf-r  pb>wphid«',  rto.     Th«*  niiiufrical 

ono,  r/t,  tri,  eUs,  ai^  nbMt  tbr  tcrminatiuna  oiu  and  ir.  nrt*  tip{>U(.<(l 

IMMbpouuds  iu  the  haum;  mauucr  an  lu  tbo  oxidex,  thit»— 

Hydrogea.       Bromlno. 
ttjrdntgcn  bromide  1  ^       Ml 

Potanlum.      Sulphur. 
FoUaainro  niimoiiulpbide     ....      7^.2      4-       ^1^ 
PotAMium  diAuIpliiilr  ....      78.2      4-       t^ 

PoUuuiitiu  lri^ul|ihi<l<*  ....       78.2      4-      H 

PuUiuiiun  t<'(r»Ki)lj'bi<b.-       ....       7H.2       -f     128 
Potawiuiu  {xmuuiulpbult:     ....       7H.2      4~     1^ 

Iron.  CTMorioe. 

Frrrwom  chlnridc fifi  -f.       71 

F«;rriq  chloride &tl  -|-     lOti.5 

TlD.  Sulphur. 

StajinouB  flulpbide IIH         4.      t^ 

SUuniu  sulphide lib  -f     12d 

The  Latin  prctix««  uni,  Li,  ter^  tptoiiro,  et^;.,  are  often  a«<>d  inntcad  uf  the 

responding  Greek  prufixt>s;  there  in  no  very  fxact  rulr-  rtaipecting  tbfir 

;  but,  jseni<rally  dpi'uking,  it  10  U<9t  tu  ewplny  a  Uroek  or  Latin  prrflx, 

)rtlinn  a,-*  ibc  wonl  XtfUtrf  which  it  in  pIjiciHl  ir  of  iiriH^k  or  Latin  url^iii. 

lUft.  </i'oxid«  (x^rrcH|.H>iid»  with  6<'»ulp)iidc  ;  on  the  whole,  however,  the 

Ire^'k  prelixe*  are  imisl  geni^rally  euiploywl. 

Tht«  ooiiiposilioii  of  tbt^tt  oxidtni  ami  Hulpbidus  afTords  an  iUuslration  of 

ft  law  which  holds  ^xkI  in  a  large  numbi^r  of  inslAiicee  of  ulieiuieal  com- 

knnation,  viz.,  tliat  tcheii  two  &or/i>«,  A  ami  B,  «r*  cafMibie  of  unilintj  in  »rt*trat 

riptirliuttM,  the   Bcvcrai  tfitunlititM   0/    B   which  romhiHe  tcith   a   nitrrn  or  rottniiini 

iMtity  of  A  rtnnti  la  onr  ututthfr  in  rer^  nimple  ration.     Thus,  thu  8i«V)«ral 

tiU«  of  sulphur  whirh  unit**  with  a  given  quantity  Cib.'l  part^)  of 

ituu  are  to  one  another  110  tbo  numbers 

1.  2,  3.  4,  5; 

the  qnuitides  of  oxygon  which  anitit  with  a  given  quantity  of  ohro* 
mfum  are  aa  th«  nuuibera 

b  or  2,  3,  4,  6. 

I  It  mnot  be  cflpcnially  obffcrvr<I  that  no  componndfi  art*  known  inli*r- 
Bediat**  in  c-<)ni]r<>«ition  In'tween  tho«e  which  are  ri>pn*iientt*d  by  l))(*tt(^ 
buailH?ni.  Then-  \s  no  oxiile  of  cbrcimium  containing  1{  or  IJ  ">r  ij  tiinrfl 
■  much  oxygen  aa  the  lowest ;  no  Kulphiile  of  jrotoHiiinm  the  quantity  of 
pilphur  in  which  is  t*xpru«iiHMl  by  any  fractional  uiullipleof  the  Inweitt. 
The  (|UAntitte8  of  thn  one  element  which  can  unite  with  a  oonstaut  quan- 
tity of  the  other,  increase,  not  wntinnoualy,  but  by  ouooestiivd  and  well- 
ihned  wlfira  or  increinentit,  Htanding  to  one  another,  fcr  the  moat  part,  in 
ipl«  nunierirnt  rnlio-*. 

This  is  c-illeil  tbe"Lnw  of  MnltipU-s."  The  nlwervation  of  it  has 
d  lo  the  idea  that  the  eleitivnlury  b««(lies  are  nitup'RU'^l  of  ultimale  or  in- 
Iviaible  partitU-ft  or  atoms,  each  having  &  conetaiit  weight  peculiar  lo 
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Itself  (the  Atomic  weights  giveD  in  the  table  on  page  27),  and  that  com 
nation  betwt>en  two  clL'moiits  takes  place  hr  tlie  juikt;tpi>.tition  of  th 
attnufi.  A  wjlUi'livn  of  flouifnturj  utuiim  nnitiHt  tn^i'thei  u»  fomi  a  co 
pouiitl  constilntrs  a  inoli^cule,  tlio  Wiijjlit  of  whkli  is  rtjiial  to  (he  »u 
of  tlie  weights  o(  its  componeut  at4>iii8.  Tliua  au  atom  of  chlorine  wcighi 
35. Ji  uuitifs  with  an  atom  of  hydrogen  wt^ighiug  1,  to  form  a  moltfculc 
hytlro;*eu  clihirlile  weighing^  3ij.5.  An  atom  of  oxygen  weighing  l(i  nnit<^ 
with  2  titoms  of  liydrogeu,  t^ac^b  Wfighing  1,  to  form  a  moleoule  of  water^ 
weigliing  (IU  +  ^  =  )  !*>•  An  atom  of  oxygt-n,  weighing  Itj,  unitvswith 
atom  of  hail,  H-fighing  2u7,  to  furiu  A  niolecuht  of  h^ad  oxide,  weigh 
223.  Tnro  ntntuH  i*(  poUui&ium,  each  weighing  '.VJ.l^  unite  with  1,  2,  3,  4, 
and  &  atoniH  cf  j«iilj>tiur.  each  weigliiiig  32,  to  form  the  several  8ulphideji 
enumerate*!  on  page  1^7- 

These  ((unhinatimiK  are  rftprest'nted  syrabolically  by  th.^  jiixt;ipositi>>n 
of  tho  symholH  nf  the  elementary  aUnua  given  in  the  table  alreiuly  r»'fcrr»<«l 
to;   thus  llie  molecule  of  hydrogen  ehloride,  oomiRwed  of  1  atom  of  hydr 
gen  and  I  atom  of  rhli)riue,  is  represented  by  the  ftymbol  or  formula  IICI 
tliat  of  waUT  (2  atoms  of  hydrogen  and  1  atom  of  oxygen),  by  IlllO,  or 
more  shortly  II^O.     In  like  manner  the  diOerent  oxitUit  and  tiulphide? 
arids  ;ind  buUs  above  enumerated,  are  represented  Mymbolic^^lly  as  fol* 
Iowa  : — 

Chromium  niunoxide    .....    CrO 

Chroutiiiiii  !ie;44|Uinxidu  ....     CrCrOOO  or  Cr^O, 

Chromium  dinxide        .....     CrtX)         or  Cr  O, 

Chromium  trioxido CrOiX)        or  Cr  Oj 

Sulphnrons  oxidn SOO  or  SO, 

Hydrogen  sulphitfl  or  italphurous  acid  .    8000HH  or  SO,H, 

liad  sulphite SfKMJPb    or  SO,Pb 

Potassium  moi;oftulphide      ....     KKS  or  K,S 

Potassium  diKul])hidH  ....     KKSS         or  K,S, 

Potaxsium  trisulphide  ....      KKS.S.S       or  K,S, 

Pota.'Wium  tetraaulphide       .         ,         .         .     KKSSSS    or  Kj,S| 


'^1 

^ 


Potaasium  pentasulphide 


KKStitftJS  or 


A  group  of  two  or  more  atoms  of  tho  same  clement  is  denoted  by  placii 

a  numeral  either  before  the  symlml,  or.  u«  in  the  preciMling  examples,  a 
ftfuall  numeral  to  tlie  right  uf  thesymliol,  and  either  aliove  or  helow  the 
line  ;  thiiH  (M><>  muy  Iw  ahl>revi:ited  inio  3(>,  or  '>■,  or  i\. 

Thft  muitiplieation  of  a  group  of  dis«iiiular  ittom;;  in  denoted  by  plaeing 
a  numeral  to  the  left  of  the  group  of  s\-mtM>l8,  or  hy  inelofiing  them  in 
liraokeLs,  and  placing  a  ttmall  numeral  to  the  rij^ht :  thuH,  311CJ  or  (HCl)} 
denotes  3  moleruh-s  of  liydrogen  ohh»ride  ;  2i!^>,  denotes  2  moloeules  of 
hydro;;en  sulphate. 

The  iHimliiii:itiun  of  two  groups  or  moleculea  is  denoted  by  placing  their 
HymlH)Is  in  juxtajw-tition,  with  a  dot  Iwtween  them  :  tluis.  ZnO.SO,  denotes 
a  cnrniMiund  of  zinc  oxide uitli  snlphar  Irinxiiie;  KjO.H^O,  a  eompound  of 
potiwsinm  nxid.-with  hydmpen  oxide  or  wati-r.  Bnun'times  a  wnima  or  the 
aign  4-  is  "sed  instead  of  the  dot.  To  expresn  the  multiplication  of  such 
a  grimp,  the  whole  is  inchiaetl  in  brai-keta,  and  a  niim>'ral  pLv^nl  on  the 
left:  e.  'J.,  2(ZnO.SO,);  3(K,I).II,0),  etc.  If  tlie  hraek.^s  wi-re  omitti'd, 
the  numeral  would  affect  only  iJie  aymljola  lo  the  h'ft  ttf  the  dot ;  thus, 
3Kf0.11,(>  jdgnitiea  3  putaaaium  oxide  and  1  water,  not  3  potaasium  oxic 
and  3  wator.* 


*  Thf  netrlrct  of  ihli  dlstlaottoa  often  leadi  to  oonilderiible  eonruitoo  In  che- 
wictl  ttolAtlua. 


OZYUEN. 


129 


EfvintitmiM. — It  hail  be«n  already  8U1«f«l  tliat  dUmvoto  qmi  rrpUce  owt 
ithrr   in  r«>iiibinatinn  ;  than,  wht'ii   liyilrn^rtMi  <-l)U>rlilt<  U  {it&tf*!  in  cun- 
i-t  with   sill'.',  the  lino  'liri^nlv*^  ami   i-iit-n*   into  (.■<i>mli(n»iii*ti  nitli  the 
lti>riii«7,  wlitie  u  t)iiiintity  uf  li>'dn>gen  i^  cvulx'r*!  as  asm.     >«>«'   this  tul^ 
itutMiit  of  line  fi»r  hy'li^itrrn  alwaya  lak>-s*  place  in  ilvfinitr  pmiHtrtiuu  by 
[bt.  vV2.6   parttf   uf  linr   bi'iii)^  diMM>lvr<l  for  crrrr  1  part  tif  liydm^vn 
Id  like  lujuioer,  wbt*u  pcitoMiuiu  ih  thrdwii  iiiiti  wsUt,  tivtlro* 
iTVolred  and  tti^  ptitattsium  diaiMjlvM,  31'. 1  puru  of  tliv  iuuIaI  dU- 
Fvliig  fur  tfv*Ty  1  part  of  hydrtJiiEon  irivriiuff.    .Again,  if  siUvr  \mj  diMotvtKl 
nitric  acid,  and  mt'tHllic  uien  tiry  tiuiiirrHvii  in  tin*  wduticin,  tbi*  tu<<rt:tir}r 
ill  t>*  dissolv*:^  and  will  dispUiv  tli*-  nilver,  whirli  will   l»r  wparntwl  m 
III*-  lut'tAllit-  utftl*' ;  And  far  wt-ry  100  partd  of  mercury  di»»olviHi  H't  partu 
^Of  «itT<:r  will  l>e  thnjwn  down.     In  liko  manner,  ('op|H,*r  will  di^plAiv  lltu 
?ury  in  the  prr»piirti<)n  *)f  HI. 7^  pArtu  t»f  *x»|»|M'r  l<>  ItKi  of  nii-miry,  and 
will  (ibplaoe  Ibc  mppt*r  in  the  proportion  uf  'ZH  partM  uf  iruu  tu  3t.7& 
rta  of  copper. 

TUv«r  arv  particular  eaavs  of  tbv  g«*m*ral  law.  tbat,  when  oaw  ttemmi  tatn 
piacf  of  a/HUkrr  itt  rvmhinnlinn^  ihf  mibaliiittion  or  npiartmmU  aiu-ay*  latts 
ixjiied  or  d^fintt«  propwtiont,  Th«  roUtire  quantitic*  of  difftrcnt  ole- 
;utji  whicb  tbua  replacff  on«  another,  arr  caUrd  rbrmicnl  njniva- 
|«ntB  ur  cquivaltMit  uuinbiirs;  tbvy  arc  vitber  idi'Ulical  with  ibo 
lie  weight!*,  or  shuplt*  multipUv  or  submuUiplnt  uf  Ibrm.  Vuri*xnmpl(«, 
in  tbtf  aulMtitnltou  of  j«ot«j«j4ium  fcir  hydrogen,  and  of  coppi'r  for  nifreary, 
and  of  Iron  for  c«)pp<>r,  the  t«^iuivaK*nt8  art'  to  one  another  in  the  saimt  pro- 
portiou  as  the  at'Muic  wei^^tiUi,  as  ruay  bo  fttwn  by  ooiuparing  tho  numlMTn 
just  girpn  with  tbtter  in  the  table  on  pag«>  27.  In  the  BubHtitutiun  of  liuu 
fur  bydmgeii,  on  the  other  hand,  the  quantity  of  liuc  which  take*  thu 
place  uf  1  part  of  hyilnt^en  it*  only  half  the  atomic  weight;  similarly  in 
the  »ube«Litulion  of  mercury  for  -lilvur. 

AW  ebeutical  r<-ncrtiiriiK  iiumiMt  <*ithHr  in  the  direct  addition  or  Hoparation 
^  eleimnitit,  or  in  sulMtittitiona  likr^  those  ju»C  uotic«<df  tbo  latter  IJeiiig  by 
"^     tlte  moiC  freqaent  form  of  chemioal  change. 

rXmiVvf/  Eifuntiamt. — C'lifmieal  reaetionA  may  1v  r(^reiu>ntMl  nytiilMdifAlly 
tb<j  form  of  equati'Mia,  the  iiynibolv  of  the  reaeting  »DlJ^tau('e6  U'iitg 
U''^"!  on  thr<  left  hand,  and  thcMe  of  the  new  «nll«tauoe«  resulting  from 
lr  ehaiiir.\  on  th*?  rlj:ht  :  for  f-xample — 

1.  Uesolutiun  of  mercuric  oiide  hy  heat  into  mercury  and  oxygvu — 

llgO  —  Ug  +  O 

3.  Re«olntlon  of  tuanganeM  dioxide  by  h««t  into  maagauoao-uiaiiganio 
[hie  and  oxvgcn^ 

3MuO,  =  Mn,0,  -\-  O, 

t.  Action  of  xinc  on  hydrogen  chloride,  producing  sine  chloride  luul  frea 
rdmgen^ 

2HC1 4-  Zn  8  ZnCI,+  H, 

4.  Action  of  sine  on  bydrogr'n  sulphate,  pmdnoing  lino  snlphate  and 

H^),  +  Zn  =  ZnSO^  +  U, 

tiou  of  zinc  oxide  on  byilrogcn  chloride  or  aulphale,  prodacing 
ehtoridc  ur  sulphate  and  water — 

2HC1  +  ZnO  =  ZnOI,  +  H,0. 
H,80j  -I-  ZnO  =  ZuSO^  +  1^0. 
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It  need  Boarocly  be  olwtirrod  Ihat  Ibe  (est  of  correclueas  of  such  au  cKj^a- 
tlon  is,  tliut  the  utiu(lM_*r  i>r  atuum  of  t?acli  eU-niciit  on  oni;  side  should  be 
equul  to  thu  iiuinbtT  of  nioum  of  the  samo  elt;mi.-]it  on  llie  otliiT  t^Kle. 

.^iir  titich  AyiiiliurK'al  coquiitioii  luuy  Ih?  ouuwrlt'il  iiitan  iiiiiuerical  equi 
tjoii,  h/  HuliAtitiititi^  for  timih  nf  the  c-hemiujU  dymboU  ita  numerical  vali 
froiu  the  lablH  of  Atomic  weight?. 

The  Iftus  of  chemical  artion  .in*!  their  expression  hy  Bymlwls  and  u<qua- 
tions  Kill  reneire  abuiulnnt  illustration  in  the  specml  descriptioii^  vhich 
fulloK  ;  their  general  con^iiltu-atiun  will  also  bti  moru  fully  developed  in  « 
eubttequent  part  of  the  work. 


BTDROGBN. 

Atomic  weight,  1 ;  Bymbol,  H. 

TTrnROrtKN  may  he  ohtninnd  for  experimental   piirpoeos  by  deoxidising 
Wftt-i.ir,  of  which  it  forms  a  obaracterlaltc  compouent.* 

If  a  tulN<  of  iron  or  [Kircelaln,  containing  a  quantity  of  filings  or  turn- 
ings of  iron,  be  fixthl  acnua  a  fumauoe,  and  its  middle  portion  be.  mode 

re<l-hot,  and   then    the  va|ior  of   water 
Fi£.  60.  pasiM-vi   over  the   liejiUil  metal,  a  large 

quantity  of  pertuauent  gaa  will  l>e  dl«- 
eliga;;);*!  fnuii  the  tuU*.  and  the  iron 
will  lie  oom-erted  into  oxide,  and  a^:- 
quire  an  increoHe  in  weight.  The  gas 
in  hydmi;en  ;  it  may  be  ooUectod  ovur 
watAf  and  examined. 

Hydrogen  \i*,  however,  more  easily 
ohtainiwi  hy  deconipotiing  hydrochlnrio 
or  diluti*  sulphnriv  aetd  with  liuo.  the 
motal  then  displacing  the  hydrogen  in 
the  manner  already  exptaine-d  (p.  12!))^ 
TheKimpletit  metluHlof  preparing  the 
gax  is  the  following:  A  wide-nrvked 
bottle  is  chosen,  and  fitted  with  asounil 
corh,  perforated  by  two  lioleii  for  tho 
rwj'ptjon  of  a  small  tuUvfunnel  re-acb- 
ing  nearly  to  tho  U»ttuni  uf  thu  bottle, 
and  a  piece  of  bent  glaasf  tube  to  cuu- 
Toy  away  the  dbieugaged  gas,  Oranu- 
lat«d  xine,  or  scrape  of  the  malleablo  metal,  ore  put  into  tho  bottle,  togeChor 


i 


*  UcDcr  the  name,  vA^.,  wftter,  nnd  yn. 

t  A  hrrie  practice  will  bood  eiiAhle  the  pupil  to  con«tnirt  and  nrrnnfe  a  »• 
of  uicful  furm*  uf  wppnrittux,  io  which  U>ri|cB,  JiatI  other  nrlltflci  ntHnvft  lit  h< 
are  mt«le  to  fuperaeile  more  eotllj*  InHtriimciita      Q-Mtiii  tuhe,  purrlj^netl  hy  Hptsht 
Of  the  mnkrr,  m«y  be  cut  hy  HcrrtichliiK  wlrh  n  rite,  nnd  then  diipIyiniE  k  little  force 
with  botti  hi\ndf.     It  mny  he  sofrenea  and  bent,  when  of  RtOAli  dimctiftion'i,  by  th«_ 
fl«nie  of  n  ■ptril-lnmp,  ur  n  ritnille,  or,  better,  t»y  fi  ifii*  jer.     Oorki  mny  be  perfll 
TNtM  tiy  A  he.ttnl  wiro,  aod  the  hole  rcndcreil  »ni<ioih  iiiitl  ey llndrtml   l>y  b  rou 
fllf  ;    or  the  iafreiiiotiA  cork-borer  o(   Ur.  Alnhr,  now   to  he   hiit  nf  aK   tn«triimea 
cntkem,  miy  he  used  In^tcnd.     I.if^tly,  In  the  e^fnt  of  hni]  flitiiik',  or  iiudouuilnci 
In  ilip  enrk   ilpelf,  a  Utile   yellow    wnx   melted   over   the  •iirf'^ee,  or  even   «   Iltt! 
crr<i.-e  fipjtttetl  with  the  flagor,  render*  It  iounJ  aoil  ■lr<tfxht,  when  not  exitosed 

Jovjif. 


ricJH 

ht 
■ee 

I 


nri)RouKi«, 
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ith  •  UHIm  WAtiY,  and  BDlphnrio  lurid  ulnwljr  addiMl  b^  th*  fdonel,  th« 

■  '     ■}-■-•■'  I  ,|ip  into  tliH  ti(|nii|.     The  I'vutiitiuit  uf  gas  is  rniillj 

-_!.  -  V'>ar»cl,  it  niAj  b«  collc4*Uvl  over  water  In  a  Jar,  or 
»s*«t  inU>  ft  gas-holiier.     lu  tlie  abacfMC  of  aino,  flUnga  of  iron  or  amall 
mav  lie  iirM«l,  litit  wttli  If^ita  advantagv. 

frn  I*  oolorI>"A8.  tfu>t*'l<.'»t,  and   liHtdomiiB  when  tiiiilr  puro.     To 
U  in  this  oonditinn,  it  luti^t  lie  iirnparfd  friitn  %Ur  puTf»t  iinv  that 
^  fdfia.inftl,  and  iinnr^vl  in  flm-iv-HMtnn  through  suliitionfi  of   (lot.ixh 
asMi  siJv'r  iiilratt*.     Wli»«u  ])rfi>antil   frnm  itnuuiiTuial  zinc,  it  Hmm  ,i  ntiffht 
'    '-  ■■'"■  '"  "*...'irily,  and  wImmi  in»u  Ua»  lioen  u»«*d,  Uif  n«liir  it 
^  II  id  inllamioAblf,  and  burnii,  wbim  kindled, 

y  iToIvIng  ntuch  h^'at,  but  Tory  little 

liffht.      Th**  iinxlurl  ol  llivcocnbnKtion  ih  wAt^r.      Hydrogen  is 
vTon  Iccbj  Huluble  in  water  than  uxy^fu,  antl   batt  never  been 
ijueftcd.     AllbouKh   di-^titutti  of  poiMinoua  pro]>«>rtiea,  it  ia 
capaMe  of  siusiAinin^  lif*'. 

rt^nii  iit  the  liji^hteMl  tiubcilaiiOH  knnwn ;  Dumaf  and 
iffault  pla<.-4*  itfi  drikxity  bftwiM<n  H.IMiftl  und  (l.!M;9r», 
to  that  of  air  aa  unity.  The  weight  of  a  litre  of  hy- 
Vfi;vu  at  (V  C.,  and  umler  a  barometric  pre«!tnre  of  0,7tiO 
'ter,  i«  <1.89tfl  gram  :  Oi>iia»HjUMiiily  a  gram  of  hydntgrn  oo- 
ipim  a  space  of  ]l.]3f)47  litres.*  At  lfi.5^  C.  (ijO^  K.)  and 
iui:hi-s  barometriG  pre««ure,  100  cubic  inchea  weigh  :£.14 
ina. 
Wlu'n  agaa  ia  much  lighter  or  much  heavier  than  atmoB- 
lertc  air,  it  may  often  he  colh*otii1  and  i'XAniini>4l  without  thu 
cl  of  the  pnenniatic  trongli.  A  botth.'  or  narrow  jnr  may  Ih) 
lle-l  with  bydmgen  withniit  murh  ft'lmixtun*  of  air,  by  in- 
irting  it  over  the  extre.mity  of  an  upright  lutm  delivering  the  gaa.  In  a 
lort  lime,  If  the  aup^jly  be  L>opioiiH,  the  Air  will  b*<  wliolly  diuplafH-d,  and 
r*«^^el  fillt*d.  It  may  now  Uf  reniovfil,  the  vertical  |Kntllii>ii  lK*ing 
irefulty  retainiNl,  and  clotttxl  by  a  ttloppt'r  or  a  glasH  plate.  If  the  nHiuth 
the  jar  Ih>  widi\  It  muHt  lie  partially  cloved  by  a  pi<Mx*  of  cardlxiard 
Inring  the  up<r.iCion.  This  metbtpil  of  ootlootlag  gaaea  by  illHplai^'ment  is 
ten  extremely  useful. 

Uydrogen  was  furmerly  used  for  filling  air-balloons,  l»»i»j»  made  for  the 
irpoiie  on  the  nytnt  fnmi  7ino  or  Iron  and  dilute  HUlphtirii^  :u-id.  IIh  use 
now  au ptir»ede»l  by  that  of  nval-ga^,  whieh  may  l»e  mad**  very  liglil  by 
iploying  a  hi;:h  tem]»erature  in  the  manufaetnre.  Although  far  inferior 
pure  hydrogeji  in  buoyant  fmwer,  it  is  found  in  practice  to  paanean  ad- 
it ap-s  «ivt*r  that  Hutwtanee,  while  ita  greater  density  in  easily  compon- 
ktivl  by  ini'reo.'ting  the  mi»*  of  the  Iwlloon. 

l^jTu^iott  of  lixxsfg. — Tliere   is  a   very  remarkable  pn>pprty  jios8**8«"<l   by 

irti  and  vapnra  in  gfniTdl,  whieh  is  M>f>n  in  a  high  di^re*'  of  inleOKity  in 

ke  case  of  hydrogen  :  this  Ih  what  is  eAUt>d  diffuaivu  power.     If  two 

»lllt«  vouUiiuing  ga^ea  which  do  not   act  chemically  upon  each  other  at 

imon   ti'mperaturija   he  cnnneetetl   by  a  narrow  tiibo  and   left   for  immo 

!,  the  ga«es  will  tm  found,  at  the  expiration  of  a  certain  timo,  depend- 

ig  njncb  U{Kin  the  narrow ti<*jiH  nf  the  tnb^'and  Ita  length,  uniformly  mixed, 

'r<n  though  they  differ  greatly  in   density,  and  the  flystem   hnu    Itet'U  ar- 

•    ■'  ■'  vertical  {Kfaition,  with   the  heavier  gaa  downwanU.     Oxygen 

a  ■  n  can  thiia  hv  mad'*  to  mix.  in  a  few  btiunt,  Against  the  uition 

i!  _■        .  .  'hrough  a  lube  a  yard  in  length,  and  not  more  than  one-qunrter 

hm  a  BPar  appmntmitlon,  It  miy  be  remen»here4  that  a  Mtra  of  hyilrogea 
^elghi  OlOQ  Kritm,  or  0  centigrsmR.  awf  n  grfioi  uf  hydrogen  oe.tiuii\ea  lUtlWivm. 
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of  ftn  inch  in  diametor :  and  the  same  is  tme  of  all  other  gmi  which  Are 

dt-tititatn  of  dinn-t  action  tipou  each  other. 

If  a  vesst'l  K'  divid*-,!  into  two  ]ii)rtii>nH  li.r  a  diupliragni  or  imrtition  iif 
poroita  rarttiPiiware  or  drr  jilai^tiT  r>f  farin.  aiid  <*ach  half  lilltMi  witlt  a 
dUT»runl  gas,  dilfusiuii  will  iijiiiiediatt;ly  Lvuimciiee  thruu^h  the  [K>ri«  uf  lh« 
diTidinji^  ttulu^taiio^  and  will  ctintitiiie  until  perfect  niixturt*  has  takeo 
places  All  goat*^,  howerer.  do  not  iKTiaoato  tho  sam«  pun)UB  bud^,  or,  in 
oihtT  worda,  du  not  paas  thrLmgli  narrow  orifiei'S  with  the  auuiv  degrfw  of 
fncilil/.  Oraham,  to  whom  we  arc  in<li^lft4<d  for  a  vt-ry  valualiK*  invfAttga- 
tion  nf  Ihjii  inU>r(*Hlin;;  suhjti-t,  cHlalitiMhvd  tlit*  Mxisti-iuu  of  a  very  simple 
rotation  Iwlwycu  thi'  rapidity  of  diffusion  and  thy  dt-usity  of  tin*  k*^.  which 
is  L'XpresAiHil  by  saying  that  the  diiru^ive  ]>ower  rarii*ii  inver:>>.*ly  oh  the 
Mijuaru  ntoi  of  the  di^nsity  of  thii  ram  itsvlf.  Thua,  in  tin-  fxpt-riiufnt  »up- 
I)<w('d,  if  oni'-half  of  th)'  vrasel  lit  lillrd  with  hydro^i-n  and  tin'  other-  half 
with  oxyt;vn,  the  two  Knti*M  will  ptjuetratt*  th«  diaphragm  at  v«.*ry  dilfi^rfnt 
ratfs  ;  four  cubic  iuchf^  of  hydro;;4'n  will  pass  into  tht*  oxy^t-n  siide,  while 
nnei-abic  inch  of  oxygen  iravfls  in  thi>opj>u!iiu'din'ction.  Thi-dimBltifS  of 
iht<  two  ^aftua  art'  to  (*ach  other  iu  ih**  pn»)M)rtion  of  1  to  lt> ;  tliPir  relative 
imt«>^  of  dilfuaion  aru  inversely  as  the  square  roots  of  tht5su  nutnbiTs,  i.  ^,, 
u  4  to  1. 

In  onlrr,  how«<vi>r,  that  thia  law  niay  be  accurately  obitervcd,  it  is  ncnea- 
aary  that  tlu-  porouit  plato  Iw  very  thin  ;  with  platt^if  of  Btactvi  an  inch 
thick  or  more,  which  roally  consist  of  a  oongurioB  of  long  capillury  tubes, 
a  ilifTurent  law  of  dilfnsion  is  oK-it^rv^.*  An  exrellcnt  inatfrinl  for  difTa- 
sion  expi-rinumts  ia  the  artUlcially  (.-oiupr4!Hst>d  graphite  of  Mr,  Brocki^lon, 
of  th»^  quality  UKod  for  m;ikinij  writing'  peuctU.  It  may  In*  ri'ducod  by 
cutting  and  ^rindin);  to  the  thiekneKS  nf  a  wafer,  but  still  retains  eonsider- 
»hltj  touarity.  The  ]>«>roa  of  this^ulistanco  appear  to  )w ho  small  iw  entirely 
to  pr*!V<>nt  thu  trnnHinbttiuu  of  gaaes  in  ma«s,  so  that,  to  use  tjio  lau;;uage 
of  Mr.  (iraham,  it  aots  liko  a  moleouLor  aicve,  aUowing  only  moleoules  to 
pass  thr<Mit;h. 

The  simplest  and  most  striking  methorl  of  exhibiting  llio  phenomenon 
of  dilfuriion  is  by  tho  use  of  (Irnham's  ditruiiiou-tiil>o.  ThiH  is  merely  a 
pieoo  of  wide  glass  tulw  ten  ur  twelve  inehi'S  lonu.  having'  one  of  ita  extrv- 
mttiM  closed  by  a  plato  of  pla.ster  of  I'aris  alM>ut  half  an 
inch  thick,  and  well  dri*-*!.  When  the  tulw  in  filled  by 
diaplaoement  with  bydroj^en,  and  then  set  upright  in  a 
glaas  of  water,  the  level  of  Ihe  liquid  risc^  in  the  tube  ao 
rapidly,  that  its  movement  is  apparent  tti  th«  oyey  and 
sp^ulily  attains  a  height  of  several  inches  altove  tbe  watc'r 
in  the  gloaa.  The  gas  is  actually  rarefied  by  ita  BUperlor 
diffusive  power  over  that  of  the  external  air. 

It  is  itnpossiblc  to  overestimate  the  im|>ortant«  in  the 
economy  of  Nature  of  this  very  cnrioua  law  atTcoting  th« 
oonstttution  of  ^oaoous  ImlieK  :  it  is  the  principal  means  by 
which  the  atmoHphere  a  preiit.'rvcd  in  a  uniform  state,  and 
the  aocumulatiun  of  poisoinMnt  );ase9  ai>d  exhalatiunfl  in 
towna  and  other  fs»nI1ni*il  bvalitiLft  prevented. 

A  partial  Reparation  of  gafteti  and  vapors  of  nncqoal 
dilTuaibility  uiay  )>e  effect«d  by  aftowing  the  mixture  to 
p<>rnieale  tbnmgh  a  plato  of  graphite  nr  jMrons  earthen- 
ware into  a  vaeittun.  This  elTect,  calltnl  atmolysis,  la 
be«t  exhibit^  by  meaiiit  vif  an  innlruraent  calltMl  the  (uhe  ot»trJtfZfr.  This 
is  aiiuply  a  narrow  tulnj  of  unglaxi-*!  earthenware,  rfuch  aa  a  lolino<«-pipe 


Fig.M. 


024 


Kpr  BttM#a's  OfiMmetry,  p.  VU}  Omhmm**  ElenenU  of  CbeiaUtrr,  9d  td 
;  Wntti'i  Uictfuonry  of  Oheinlfttry,  ll,  Blft. 
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tvo  feet  long,  which  it  pUotl  wilhiti  «  •hnrl/r  toW  of  elaiw,  iiti<l 

in  it«  positiou  bv  ixirku.     Thv  glm»8  tubi*  i^  or ■    *  -^itli  kh  nir- 

and   tkir  Atmutar  «ihu.v   iH-tw^n-n   the  two   tu'>  44  n^^nrty 

■•  powiblf*.     Air  ur  nthiT  biixv*!  ^tta  is  Ihtti    >  iluw  aloii;; 

iif  cl*,v  tubv  in  ft  clow  tttrcftm,  aiiJ  vi>ll(H.'te(i  JU  it  Usutn.     Th»-  );jw  or  «ir 

^Aitu(ilyz«Hl  ii«,  of  ooarfw,  r«duc(!<l  in  Totumc,  inueh  gas  pfnclrKtin);  thnuigh 

'th*!-  porf«  of  the*  cUj  tube  iDto  the  air-pamp  rocauni,  and  lh?  IJKhtfr  gas 

'difftuing  the  luore  rapidir,  jmi  that  thf  projuniion  of  (|ir  ilcn-»*T  t'l.iiiatilurtiK 

ill  the  pa*  coU*Hrt*>d.      In  on**  <>xporimc-iit.  thf  pr<»|i(irii<in  of 

the  air,  aft^r  Irav-rbing  tin?  atiuolyn-r,  wan  incrpoiifoil  fr«ini  20.9 

whicii  ia  thi*  ndrtual  pro(Hirtioi),  to  '24.h  per  c»nt.     With  a  luix- 

itM  oaygvn  aad  hydrogtfu,  tli**  a^irparatiou  k,  of  oonne,  still  iuor« 

>rable. 

A  iiifttinction  mnat  be  car<>fullT  dratrn  hi^twtH'n  mal  fliffuiiinn  throttch 
SDuUl  aprrturrs,  auil  thtrapjtart'ally  Miinilar  pa^wngt*  of  ga^«*»  through  nicm- 
liraikoUEi  diaphrafnut^,  such  ha  t-aoutchoao,  bloildvr,  gold-hrAt*-r»'  Jiklit,  i*tc. 
In  this  uiodn  of  padsaK''.  which  is  catlM  opmoHR,  th*"  rato  of  {nii^rrhanpA 
d^prtxla  partly  on  the  n*lativ*»  dilTasihllitieft  of  Iht*  f;aH(*f<,  partly  nn  thv 
dttfi'p-nt  r|.-gr.-)*s  nf  adh'-^inn  exfrttfl  by  the  iri<'nibrniif  on  thi*  diffcront 
ga»*4.  by  virtue  of  which  the  jjas  which  a<lhen:!5  niotit  powerfully  |>rn»i- 
UatL's  thu  diaphra^;:m  mtmt  easily,  and,  attaining  tht!  opp<^)sit«f  vtirfacf*, 
iuix*«  with  thi*  other.  A  fhect  of  caoutchouc  timl  orer  the  mouth  of  a  wlde- 
noutlied  botllf  IJlKyl  with  hydrogen,  in  soon  pressed  inwanln,  «von  toburat- 
ing,  if  th«  bottitt  Ik*  filli>d  with  air,  and  placed  in  an  atmoAphcrv  of  hydro- 
pen,  the  swelling  and  bur»tinf;  take  plan-  outward);.  If  th»f  membrane  ia 
nuAsX,  thf  result  is  likMwiHi- utrerkol  by  the  different  (tolubilitiett  of  the  gasp« 
in  the  wMer  or  other  liquid  whirh  wets  it.  For  example,  the  ditfuaiva 
wmwft  ef  carlMinic  a<>id  into  atmoFplieri':  air  t.«i  very  nntall,  but  it  paMC* 
into  the  latter  throu>:h  a  wet  Idadder  with  the  utDni^t  case,  in  virtue  of  tttf 
•olubility  1»  the  water  with  which  tho  membrane  ift  moistened.  It  ia  by 
tnrh  a  pri>een?t  that  the  function  of  rettpiration  in  perfonutNl :  the  aCralion 
"Of  thp  bliMMl  in  tbt<  lungM,  and  the  disengagement  of  tlie  rarlnnie  ai  id,  aro 
icffect^d  through  wet  mitubranes ;  the  blood  Ih  m*ver  brought  into  Actual 
intact  witli  llie  air,  but  received  its  Huppir  of  oxygen,  and  diMeiubarra«!it« 
iit^Wf  of  carU'niL  atid.  by  this  kind  of  Apurion.i  dilfn.«inn. 

The  hiph  dilluAive  power  of  hydrupen  against  air  renders  it  {mpo68ible 
to  retain  that  gas  for  any  lenptli  of  time  in  a  bladder  or  caoutchouc  bag  : 
it  is  eveu  unsafe  to  keep  it  long  in  a  gos-hotdcr,  lest  It  should  iHswrne 
inix<.*d  with  air  by  flight  aceidental  leakngi-,  and  rendered  explrj^ive. 

The  paaipage  of  gnneM  tbroii^h  membnine«  like  cnoTitrhoue  or  varninliMl 
•ilk,  ftA  well  a&  through  wi't  membran'-ii  like  blajlder,  ap)H>arK  to  de]>i'nd 
Upon  an  atrtnal  liquefaction  of  the  gases,  which  then  Uvmuo  rapable  uf 
jH-nftrntini;  the  substance  of  tho  memltrane  (as  ether  and  naphtha  dt>), 
and  niay  ajrain  evai»«>rat"'  itu  the  Hurfaee  and  npp«-ar  aa  gases.     The  un- 
flH]nal  ftl«s(irption  of  ga«es  in  this  manner  oft»-n  elfects  a  much  more  com- 
plete separation  of  the  components  of  a  gaswus  mixture  than  can  be  at- 
tained   by  the  atmolytic   meiluKl   above   di^»rib«-d.     Thus,  <irahnni   baa 
ahown  tlifll  oxygen  is  al*orh*Hl  and  condenRe<l  by  caoutihoue  twivand-a- 
half  Itmes  more  abundantly  than  nitrogen,  and  that  when  one  aide  of  a 
eartutchouf  film  is  fnvly  exfKmfd  lo  the  air,  while  a  vacunm  is  prrxln^-cd 
on  the  other  side,  the  lifm  allows  41. tj  per  ceni.  of  oxygen  tn  pnw  through, 
Inalead  of  the  21  per  cent.  n.«n;tllv  present  in  ttie  air,  ho  that  the  air  which 
paiRcs  thmugh  is  capable  i.f  r-kindling  wo<m1  burning  w  itbont  rtame. 
'      Kven  metals  appear  to  iK:«^scsfi  Ihia  power  of  nl^orbing  and  Ijijnefying 
gaai«*     Deville  and  Tn»oBt  have  ol^iTv.-*!  Ih.*  ri-mnrknl'Ie  liwt  il,ai  bydro- 
g«j  gaa  in  caftable  of  |Mn.drnling  platiniuu  and  iron  tiilM's,  ai  a  r..<i  heat, 
"  llrohara  is  of  opinion  thai  Uiis  effect  ina^'  be  connwVv%v  v;\v\\  iv  ^nicx 
J2 
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riHiiiU'iit  in  these  and  certain  other  iiift&ls  to  alMorb  hiiiI  lifpit.-rv  hrdmirc 
jMifisihl^'  in  its  chara<'t*T  as  a  niftaUic  vajior.  I'latiiiuiu  in  tlii*  foii 
win*  ur  plate,  at  a  lovr  red  bvut.  can  take  up  3.8  volumes  of  Iiydrtig4>n 
m«asut-tni  cuAd,  and  luUladiuiii  foil  (undeniu^  as  much  a»  tJ43  liuw^  Hh 
roltiruc*  uf  hydrogen  at  a  teiupiTAliiri'!  In'Uiw  ]<HiC>  C'.  Iti  ihe  form  of 
flpongr,  platinum  al>sortK*d  lAb  tiuw*  ii»  vnltinM<  of  hvdrvgun,  and  pal- 
ladium !IU  volumra.  Thii*  aUiorpliou  ol  ga»es  by  nhrtaU  ift  called  occtu- 
slnn.* 

Tho  mt'twirio  iron  of  Lenarto  i-ontninft  a  iioiniiidorabli'  i|anntity  of  oc- 
cludi_Hl  bydn>^en.  When  piaci-il  in  a  g'^nl  vacuum,  it  yiL-blH  :L85  tinic>fl 
its  vulunif*  of  gfttt,  uf  whiiU  S.'t.tiS  per  cent.  wuiaiHt  of  bydn)yen,  with  4.46 
carlmn  monuxidu  an<l  l^i.Stf  nitrogen.  Now,  hydrogen  ha><  be<.>n  reengnixtvl 
by  spectrum  analysiB  in  the  li^'bt  of  the  rtxe*i  (iture,  and  eonstitutt***,  «<•- 
oording  tu  the  observatioiiB  of  leather  ye<H:Ui,  the  principal  eleinent  in  the 
AtniOHphern  of  a  numiTous  eliuHs  of  stars.  "The  iion  of  heiiarto."  saya 
Mr.  liraliam,  **  baa,  no  doubt,  (.-tune  from  sudi  an  atuKwphere,  in  which 
hydrogen  gri-atly  prevnilo«l.  'rins  nietenril.'  niny  W*  lfN>ke*l  njion  nn  hold- 
ing iiuprisonutl  within  it,  and  bringing  to  ud,  Liiu  liydrugi'n  of  the  stani."f 

The  rated  of  of  fusion  of  gat«%,  that  is  to  flay,  their  ratfs  of  paaaogv 
through  a  miunte  .ipcrlure  in  a  thin  plate  of  nu-lal  or  otlier  snlmtanci? 
into  a  vacuum,  follow  the  ttame  law  :ui  their  rAli«  uf  difTusion,  that  iB  to 
say,  they  are  invt-rsely  as  the  Mi|uare  root*  of  the  deuhitie»  of  the  gniies. 
Neverthelittf),  the  phenomena  of  dilTmiion  and  etlusion  are  e.s.ientially  dif- 
fen.*iit  iu  their  nature,  the  eH'uMivu  inovenient  ad'ecLing  ma^»«eH  tif  a  gnn, 
whereas  tho  dillusive  movement  atfei-ta  only  moleeuleti ;  o.ui\  a  ^an  is 
usually  carrUfd  by  the  fonner  kind  of  impulse  with  a  velocity  many 
thousand  timeai  greater  than  by  the  latter.  Mixed  gases  are  ell'u»«Ht  at 
the  i«ante  rate.H  aa  one  ga.H  of  the  actual  dennity  of  th**  mixture:  and  no 
Stiparation  of  the  gatieti  occura,  as  in  dijf'uxion  into  a  vacuum. 

Tito  law  of  elhiition  juKt  Mated  i:^  true  only  under  the  condition  that  the 
gaa  shall  p.i^.s  through  a  minute  aperture  In  a  very  tliin  plate.  If  th« 
plate  l»e  tliieker,  so  that  the  aperture  l-eeonwa  a  tulM*.  very  dillerent  rate* 
of  efflux  are  observed  ;  and  when  the  capillary  lube  Ix-eniins  considerably 
«1ongale<l,  ho  that  its  length  excciidti  itu  diann'ter  at  leobt  4(K>  limes,  the 
rate«  of  ttow  of  different  gtute^a  into  a  vacuum  again  attttiime  a  er'n^tiLnt  ratio 
to  each  other,  following,  however,  a  law  totally  <lit4tiiu-t  frotn  that  of  e(Tu« 
aion.  The  principal  general  ri^ulta  olHorvtHl  with  relation  to  this  phe- 
nomenon of  "Capillary  Transpiration"  are  a«  follows  : — 

I.  The  rate  of  transpiration  of  the  game  gas  incrcaacB,  ttrterit  paribtu, 
directly  oa  the  pressure  :  in  other  words,  etiuftl  volumes  of  gn^  at  difTcrent 
densitiii*  rc(|uire  tinu*  inver«ely  proiMirti'iunl  to  their  ilensillfi*.  2.  With 
tubce  uf  equal  diameter,  the  volume  transpired  in  tHpial  times  i»  inversely 
ojf  the  length  of  the  tulie.  3.  As  ihi*  temperature  rises,  the  traimpirnlion  of 
etjnnl  volumes  be>u'om>«  Mower.  4.  The  rates  of  transpiration  of  different 
goset)  War  a  cruistant  rrlatinn  to  each  other,  totally  independent  of  their 
densities,  or,  indee'l,  of  any  known  properly  of  the  gaMe«.  Kqual  irrighiM 
of  oxygen,  nitrogt-n,  and  carlvtu  monoxide  are  tran^]tlred  in  etjual  timew  : 
80  likewise  are  equal  weightfl  of  nitrogen,  nitn>gen  dioxide,  and  carbon 
luonoxidc ;  and  of  hydrogen  chloride,  carbon  dioxide,  and  nitrogen 
monoxide!. 


•  ar/ihain,  Phil.  Trant-  18*w» ;  Journal  of  the  Chemical  Soeletjr  [2],  v.  23J 

{FroceetllnRii  of  the  Roynl  Soolelv.  xT.  .V>2. 
Qmham,  Phil.  Traoa.  IMI,  p.  ^1,  nuJ  1841),  p.  349;  nlio  Elcmf  nts  of  Chrt 
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romrKATiox  or  nVDBooD  vcrn  oxtokx. 

drrailx  etatt'fl.  that  altlidigli  tli**  lii;lit  runtt/nl  liy  ttir  fiimo 

i»i"Kirdro^»-n  i*  cxcwcdiuglj  ffobltr,  yi-t  Ihv  tcmpcrnluri"  of  the  flaiu*  {■ 

The  tctiiiM'tttturu  iiuiv  \hi  »Lill  furth«>f  rXAlt<^   hj^  iirt*viitufll/ 

hvilrt^fii  Willi  X5  lutii  h  tixTp*n  aa  it  rt<qninii  for  ixiitihin»tiiin, 

ih^i  is,  a.-*  will  pi\<««<'iit1y  btf  Bc«*u,  with  half  its  voluuto.     Such  a  luixturi) 

bumx,  tik*<   >:unp<)W<lt-r.  iDiU*{>ou(lciit]y  of  tho  cxtcru&l  air.      When  rftistU 

,V>    '  '  .ir*«  r^^^iiinil  for  •      .  '  u,  the  two  gojteit  unJti*  wtth  t*x* 

If  A  Btri'U^  Im<[  _'  nut  Diorc*  than  half  s  pint,  bo 

.^. ..  a   uii:^turi*,  the  u-;.--.-.-  -.'^a  uf  &  ItghttHl  mutch  or  fMl-bot 

ir>5  (lot<TintniT<i  ill  a  luuiiifUt  the  union  of  tlio  gaauia.     By  uTtain  prm-au- 

tos,  a  tnixtuTM  nf  (txr^**n  anil  hyitmp-n  can   Ik*  hurnt-^l  at  a  jft  withuiit 

lunicalion  of  fire  to  tiiv>  ruiitvnta  «f  tUv  ri-asH'! ;  the  flame  ii  in  this 

mUuL 

A  liUltf  iioRi5i«h*rAli«>n  will  nhnw,  that  all  (Ordinary  flann'S  bumin}^  En  th» 

If  or  in  puru  oxygi>n  are,  of  uec«*8Bity,  Lnllow.     Th«  a^l  of  couihu»tion  i» 

ri»  than  the  cniTRHio  union  of  tin*  rtulvtance  burned  with  tlio 

'■■:  oxyn«-ii  ;   aiiJ  this  union  can  tak*-  pl.ne  only  at  Ihf  nurfax'  of 

Unly.     Such   b   not  thr  cmm*,  howuver*  with  tho  rtauii*  luivr 

'lor  oun^ii-leration  :  thi^  c-iiinhu!*til>K<  and  tho  uxygi-a  aro  already  mixi'd, 

•\  iiiily  rt^juiro  to  have  their  ti*m]M-ratiire  a  littlo  raia«^l  to  cause  thnu  to 

iliiac  in  crt.'ry  part.     Tlu'  llaiite  no  pro<lu<*fd  Is  very  diflorvut  in  phyai- 

clLarKL'tf'r^  from  tlmt  of  a  i»iiiipli>  jet  of  liyilmgi'ii  or  any  utluT  diuthuM- 

|bl«-  f(a*  .   it  i»  hin^  and  jMUutti),  and  very  rrmnrlcahle  in  apjH'aranoo. 

ll^mmuu's  «afi;ty-i('t,  the  coniitruetion  of  which  invnlvt^s  a  prinHpIo  not 

Kt  di4rai*r-l.  rn.'iy  In>  a'lapt'^d  to  a  citmuion    bladdor  cy>ntaiiiiii^   tli**  inix- 

iri*,  and  held  under  the  arm,  and  the  ^tm   forcssl  tlirnu;;li   the  Jet  by  a 

tile  prtisi^ure.     Although  this  jet,  projwrly  iximttructi-d,  is  believed  to  be 

lafn,  it  ia  b««t  to  a»e  nothiuf;  ivtri>ii;^rr  than  a  hlaibb-r,  for  fear  of  injury  iu 

the  event  of  an  fXplo«)ion.     The  ^asvs  are  often  containetl  in  ei-parute  ro- 

fterroirs,  a  pair  of  lnri;«i  gOM-holditrs,  for  example,  and  only  Buffered  to  mix 

in  iht*  j*;t  itsidf,  04  iu  the  c<intrivanc>j  of  the  latt?  Pnifeaitor  Daniell ;  in  thin 

way  all  danger  ia  aTuldiMl.     Tl^e  eye*  ept^odily  b«>coinv«  aocuDtome*!  to  tho 

peculiar  appearanco  of  the  true  oxyhydrogen  flnroe,  im>  an  to  p«.*rmit  tlio 

ipplr  of  each  f^aa  to  be  exactly  n>gulateil  by  suitablo  fitojicocks  attachMl 

tho  jet  (fig.  8fl). 

pteeu  of  tliiek  platinum  wire  intr«NluvtHl  into  thts  flame  of  ttie  oxyhy- 

;eu  blowpipe  nielu  with  the  pn-at^'At  eoAe  ;  a  watch-itpring^  or  a  rintall 

d  filo  barns  with  the  utmost  brillianoy.  throwlni;  off  »howt?ni  of  bi'auti- 

fiparks  ;  an  iuuoinbui«tible  oxidiz^'nl  body,  am  Dinj>;niwia  or  time,  U1^^oInes 

iutetutely  fgnit'wl  a*!  to  glow  with  a  lipht  inHupportable  to  tht»  vye,  and 

I'lible  of  employment  aa  a  moAt  [Mrwerful  illuminator,  as  a  bu1»- 

:lie  flun'^t  rays  in  Uiu  solar  niicroHii'ope,  and  for  night  iti^naU  iu 

-  -i, ifiL'al  iurvoyi*. 

If  a  hmx  glAnn  tub«*,  op4'n  at  both  endif,  bi*  held  over  a  jet  of  hydntgen 
!•;,  90),  a  series  of  musical  fionnds  in  8ometime«  pro<lui'od  by  tho  ]iartial 
ttiuution  and  rekindling  of  the  flamo  by  tho  H.soendins:  current  of  air, 
hrtitf  little  explodiona  buccwmI  each  other  at  regular  interralii,  and  so 
bpidty  as  to  ^Ivo  rise  to  a  muBir^l  note,  tho  pitch  depending  chiefly  upon 
lun<;tli  and  diamele-r  of  the  IuInj). 

i1thou;;h  oiytien  and  liydrof:i'n  mny  !>•»  kept  tiiixe*!  at  minmnn  tempo- 
's for  nny  Icn^'th  of  tlm**  wiiliout  oMnblnnlinn  takin;:  place,  yet,  uiuiiT 
:tL'ular  rireinunl.iiiceB,  they  unite  <]uiet|y  and  withmit  exphisiMii.     Mnny 
a^ii,  DoU-reiner   nia<le   the   curious   observation,  that    finely  divided 
tatinuni  posses^cl  the  power  of  det**rmininK  the  union  of  tho  gas'**  ;  and, 
riwQutly.  Fanulay^  hasshvtrn  tb»t  the  state  of  ininutQ  dW\&VOTv\&  \>5 
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i\o  means  inrlif;ponBa1)lo,  since  rolled  plat«ti  of  the  metal  havo  the  same 
]>ropi*rty,  proviiltKl  lln*ir  Burfacea  are  absolnlrly  clean.  Ncillicr  is  the 
effect  strictly  eonfino<t  to  platinum  ;  othw  mi*tal»»  w  pallmlium  aud  gold, 
and  even  stonvii  ami  gliistt,  vxhibit  tho  Bouie  proin'rty,  ultlion^h  tu  a  far 
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inferior  dppree»  sinco  thejr  often  require  to  b©  aided  lir  a  little  heat.  When 
a  piece  of  platinum  foil,  whu-li  ha»  lH*en  clfaniKl  l>y  hot  oil  of  vitriol  and 
thorough  washing  with  distilled  water,  is  thruat  into  a  jur  containing  a 
niixtur«>  of  oxygen  and  hydrogen  ntamltng  over  water,  combination  of  the 
two  gaiivtt  immediately  lH'gin«,  and  tho  level  of  tho  water  rapidly  risn*. 
whilst  Ihe  platinum  bccome-s  rio  hot  that  drops  nf  water  accidentally  falling 
upt»n  it  enter  into  elmllitiori.  If  the  metal  be  very  thin  and  exoee<iingly 
clean,  and  the  gases  very  pure,  its  t«?mpfratnre  rises  after  a  time  to  actual 
roilne8<4,  aii'l  tlie  resi<lne  of  the  mixtiiru  exphMles.  Unt  thit*  is  an  elTert 
Altogether  occidental,  and  dfpeiident  ujxm  the  high  temjH'rature  of  the 
platiutuu,  which  high  t»?mperoturo  has  been  produced  by  the  preceding 
quiet  combinatinn  of  the  two  IvhUi-s.  When  tho  platinum  is  reduced  to  a 
ftlnte  of  miimte  diviHioii,  and  its  surface  thereby  much  extended,  it  bt*come4 
]nmie<liately  red-hot  in  a  mixture  of  hydmgen  and  oxygen,  or  hydrogen 
and  air  :  a  jet  of  hydrogen  thrown  up«>n  »  little  of  thf  B|)oi)gy  metal,  con- 
Inintti  ill  a  glass  or  capsule,  is  at  once  kindle*!,  and  on  this  principle 
machine's  fur  the  prinlin  ti«in  nf  inHlautaneous  light  have  been  eiinMruct(*d. 
These,  however,  act  well  only  when  wnfitantly  used  ;  the  spongy  platinam 
is  apt  til  beeomn  damp  by  a1>sorptinn  of  moisture  from  the  air,  and  tU 
]K»wer  in  thi'n  for  the  (inin  bml. 

The  lM*j!t  explanation  that  can  bo  given  of  these  curious  effects  is  to  sup- 
pose that  solid  IxMlies  in  general  have,  to  a  greater  or  less  extent,  the  pro* 
perty  of  condensing  gases  nix>n  their  Rurfnees.  dr  even  liquefying  ihetn 
(as  *ihuwn.  p.  13M),  an-l  that  this  faculty  is  exhibit*'*!  pre-i-minently  by 
certain  of  the  non-nxidizablti  nietnLs,  as  plaliniim  and  gold.  Oxygen  and 
hydnig'-n  may  thus,  under  thi'se  circumstan(,>»8,  be  brought,  as  it  were, 
within  the  sphere  of  their  mutual  attractions  by  a  It^mporary  iDoreas«  of 
density,  whereupon  combination  ensues. 

Coal-gas  and  ether  or  alcohol  vapor  may  bemade  toezhibit  the  phenomenon 
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of  quiet  oxidatum  aiMler  tin*  inflnvuco  of  this  ri'tnarkablo  surfaro-actiom 
A  clrsf  >fp)r.iJ  iif  uleiKlnr  plfttiuum  wire,  a  roll  of  thin  friil,  or  evi-n  a  oini- 
Qiun  platiuam  crucible,  healed  to  <lull  i^^dm^s,  and  then  hfld  in  a  J*'t  of 
coflJ-g.u,  ttcoomed  tttroDgljr  i^nitod,  an>l  remainit  in  tliat  state  as  long^  as  tho 
supplv  of  mix(.il  gas  and  atr  >a  kt-pt  up,  the  UTUi|H-ratMrr  Itrhig  niainlainifd 
by  Lhv  beat  diiwiu^agiHl  in  th«  «ct  of  uuiou.  tiuuivliiuva  ihu  metai  becumus 
vhitv'hot.  and  th(*n  thu  gas  takes  fire. 

If  »uoh  a  coil  gf  win;  be  altachiHl  u>  a  card,  and  su!ip4'nde4  In  a  glass 
ountaiuiug  a  few  drupit  of  ether,  haviui;  ^>reviuuiil,v  Xtvvu  madu  red-hot  iu 
the  Aame  of  a  itpirit-lainp,  it  will  continurto  ghjw  until 
the  oxjrgen  cif  tho  air  ia  exhauHted,  giving  riac  to  ihc 
pruductjun  of  an  irritating  vapor  which  attacks  the 
eyes.  The  comhufllion  of  the  c-lhcr  ia  in  tliis  case  but 
partial :  a  portion  of  ita  hydrogpn  is  aIon«  removed,  and 
thr  whole  of  thp  carbon  left  untouched. 

A  c«>il  of  tliin  platinum  wire  may  1>e  placed  over  the 
wirk  of  a  spirit'laup,  ur  a  IhiU  of  t^jHm^y  platinum  8us- 
taint*<l  jiiat  atxive  tlie  cotton  ;  on  lighting  the  lamp,  and 
then  blowing  it  out  as  ^con  a£  the  metal  appears  red- 
hot,  slow  coiubualion  of  the  spirit  drawn  up  by  the 
capillarity  of  the  wick  will  take  place,  accompanied  by 
tlie  pujigeut  vapom  jiitit  mentionixl,  which  may  be  nuxli- 
fietl,  and  even  renderefl  agreeable,  by  diaaolving  in  th« 
liquid  sofui*  awt^et-smelling  e^iriential  oil  or  resin. 

Hydrugen  fonii^  nnmeroa:<  compouiuU  with  other  Itodln,  althnngh  it  in 
»T«t&tly  surpassed  in  this  respect  not  only  by  oxygen,  but  by  mnny  of  tlio 
aiher  elements.  In  many  of  ila  chemical  relations  it  rt*flembli>8  the  metals, 
OOiubiiiJngwilb  oxygen,  sulphur,  chlorine,  bromine,  etc.,  tufoiincomiKiunds 
anaLogoun  in  couatilutiou  to  thu  mctalUo  oxidei,  anlphidca,  chlorides,  faro- 
mules,  etc.  (p.  127). 

Ozidea  of  Hydrogen. — Them  are  two  oxides  of  hydrogen — namely, 
the  monoxide,  winch  is  walur,  and  the  dioxide,  discovered  in  the 
year  1S18  liy  Tb6nanl. 

It  appears  that  the  ooropnsition  of  water  was  flrRt  demonstrated  in  tho 
year  i"l?l  l-y  Cavendish  ,*  but  the  discovery  of  the  exact  projwrtions  iu 
which  oxygen  and  hydrogen  unite  in  generating  that  most  Important  com- 
pound hoM,  from  (iiue  to  time  to  the  present  day,  occupied  the  attention  of 
some  of  the  WMt  dtfttingiii^hed  cultivators  of  chemieal  science.  There  are 
two  distinct  methfKiii  of  research  in  oh*4mi»try — the  r/nu/yim/,  or  that  in 
which  the  compound  is  resolved  into  its  elements,  and  the  si/nrhniitil ,  m 
which  the  rh-ments  are  made  to  unite  and  prcwluc*  the  compound.  Tho 
first  methoil  ia  of  much  more  gi'neral  application  than  the  sceimd;  but  in 
this  particular  instance  Iwth  maybe  employed,  although  tlie  results  of  tlie 
synthesis    are  the  mnru   valuable. 

The  d»^r'mp«ii!iition  of  wat-r  rnay  be  effected  by  voltaic  electricity.  When 
water  is  aciduliiU-dso  as  to  render  it  a  wn«luctor,t  and  a  portion  interposed 
between  a  i^airof  platinum  plates  connected  with  the  extremities  of  a  vol- 
taic apparatus  of  mo<lcrnte  power,  d»K^nii)UBition  of  tlic  liquid  takes  plac-e 
iu  a  very  intorostliig  manner;  oxygen,  in  a  state  of  perfect  purity,  is 
evolved  from  the  water  in  wjutact  with  the  plate  Monging  to  the  coi»per 

•  A  <rlMin  In  ihc  ill-iToirrT  of  the  eomponltloii  of  HMter,  on  lich«If  of  JafllM 
\v  .fi'-'Iy  I'TCPil.  iind    miiniorteil    lif   such    evidence    Mint    Uie 

r-  .   tn-iy  »>*    leil  to    the   conclUNlon    ttinl  the  dUcnvery  wm 

li.  -      i./irly  ■ttnulinDcouslv,  and  unkoowa  to  etch  other,     are 

the  AMKlc  ■■Ua*,"  Uy  Vr.  P-.ul,  in  WstiB'w  lijerlonir)*  of  *'heinlitry,  IbTBO. 

t  Sec  tlicieetloa  od  "  Electro-L'hemlcnl  Deconiiioaltion." 
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Fl^  91  osd  of  the  baUcTT',  mad  hfdre^en.  eqaallr  pore,  u  dii»- 

m^Bfpad  at  the  plmUs  eonmectcd  with  th«  xinv  rjitrvtoi^, 
thv  miilillr  {lOrttMiw  uf  liqaitl  rrubaininic  .kpp&rentl/  an- 
aU<eivw|.  fij  placing^  ssull  graduated  jar«  urer  tl»«>  pla- 
tinum plates,  the  gaMS  can  br  coUrcIt^,  aiul  their  quan- 
titU^  detcfnuioed.  Th«  whole  arraQ^-mieXit  is  fihoirn  in 
fig^.  92 ;  th«  ooiidoctiDg  wins  paas  thniag^h  the  bottom 
of  (b«  glaw  cap,  and  awar  to  the  batt<-nr. 

WliCTi  thb  experiment  haa  be<*n  oontinaed  a  safficifut 
tiniv,  it  will  U?  found  that  the  Tolume  of  the  hydro^i'n 
b*  A  r#Ty  littlt-  above  twit't*  that  of  the  OXTgen.  Were  it 
nnt  lot  (be  accidental  circom^tazioe  of  osygwn  beiiig  aen- 
Aibljr  more  soluble  in  water  than  hjdrqgvn,  the  propor- 
tion of  two  to  one  bv  meafiure  would  oome  out  exactlv. 

Water,  as  Mr.  liro^re  ha*  shown,  is  likewiae  decom- 
posed into  it*  pnnstttoentfl  hy  heal.  This  I'ffect  is  pro- 
duced by  introducing  pUtinam  balln,  i^'nit<*d  bv  elwtriiritr  or  other 
meana.  into  water  or  steam.  The  two  gases  are  obtained  in  rery  small 
quantities  at  a  time. 

When  oxjgeJi  and  hydroj^en.  both  as  pure  as  possible,  are  mixed  in  the 
proportions  mentioned,  passed  into  a  strong  glasa  tnbe 
Fig.  M.  standing  over  mercnry,  and  exploded  br  the  electric  spark, 
all  the  mixture  disappears,  and  the  nierviiry  is  fon'*^  up 
inti)  the  tii!»e,  iillinj;  it  completely.  Tht?  same  experiuieni 
may  bo  made  with  the  expluaion  reiwel  or  eudiometer  of 
Careudinh  (fig.  9rt).  The  instrument  is  exhausted  at  the 
air-pump,  and  then  filled  from  a  capped  jar  with  the  mixed 
gases  ;  on  passing  an  electric  spark  by  the  wires  shown  at 
II,  explosion  ensues,  and  the  glaas  becomes  bedewed  with 
moistare ;  and  if  the  stopcock  be  then  opened  under  water, 
(he  latter  will  rush  in  and  fill  tlm  Te»sel,  leaving  merely  a 
bubble  of  air,  the  result  of  imperftx't  exh&ustioD. 

Tlie  pnn;e5s  upijn  which  miMt  n*liance  is  placed  is  that 
in  which  pare  copper  oxide  is  redui^-d  at  a  nwl  heat  by 
hydrogen,  atid  the  water  so  formed  is  oollectefl  and 
weigliwl.  This  oxide  snlTers  no  change  by  heat  alone,  but 
the  momentary  winlacl  of  liydn>jren,  or  any  common  eom- 
buHlible  matter,  at  a  hi^'h  tmui^ratore,  enfflces  to  reduce  a 
corr(:<sponding  portion  to  the  metallic  state.  Kig.  94  will 
a«w7e  to  convey  some  idea  of  t\u:  arrangement  adopted  iu 
researches  of  this  kind. 

A  rnpinus  supply  nf  hydrogen  is  procured  by  the  actil 
of  dilute  sulphuric  arid  upon  the  purest  zinr  that  can 
obtained  ;  the  gas  is  made  to  pass  In  suiTcitsion  through 
solutions  of  silver  nitrate  and  strong  cauHtio  potagh,  b^ 
wliich  its  pnrificatiim  is  coraplct<xl.  After  this  It  ia 
*iucted  through  a  tube  three  or  four  inches  long,  filled 
fragmenta  of  pumice  siono  8tpei>ed  in  concentrated  oil 
vitriol,  or  with  an1iy<1r[uitt  phonphnric  acid.  These  sub- 
stances have  so  great  an  attraction  for  aqneous  vapors,  that 
they  Jry  the  pa.«i  completely  during  its  transit.  The  cx- 
tr'Miiity  of  this  tiil»e  is  shown  at  a.  Ttie  dry  hydrogen  thus 
nrrivi'H  at  the  part  nf  the  apparatus  mntainiiig  the  fx>p|X'r 
oxitle  repreMi'iitinl  III  ft;  thin  consints  of  a  two-necked  flask 
of  very  hard  white  gliutw,  ntaintnined  nt  a  red  heat  by  a 
spirit-lump  platMMl  beneath.  As  the  deannposition  pro- 
ceeds, the   water   produu*?d   by   the  reduution   of  the  oxiC 
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bcfpinii  to  oondexiM  in  tlie  second  ni*ck  of  the  flaak,  w)i<*nc^  it  drtip*  into 
thr  roceiriT  r.  A  5«Hy>nd  desiccatluK  tobc  prevents  th<i  lues  of  a<jUL-oaB 
T&pur  by  lliu  curroui  uf  gftii  wluuli  paM«-«  in  rxi^^^s. 


B<*fnro  the  expfrim^nt  can  be  coiniui-nccd,  the  oop{M>r  oxide,  fb«  purity 
Inch  U  well  Adcortained.  must  l»e  heated  tv*  ri-dn«*iu  for  ftouic  time  in  a 

■r«^nt  nf  ilry  air  ;   it  is  tlidi  ftiitTieinM)  t«  wml,  lUid  very  t-aryfully  wt'ighod 

Ith   tin?  tlask.      Tlip   tiiiptv   Pfi-oivcr   nnd  S4*«md  dryin^-lulH*  atv  also 

■i^h**^l.  tti*^  iliiiencagemfnt  of  gat;  ftt't  ap,  and  vrb<>n  th**  air  hoji  Uvn  di*- 
jilart^l,  hi'at  b  slnwly  npplic<l  to  the  oxide.  Tht*  at-tiun  xh  at  fint  verjr 
*^o»»r]i-»'lif' ;  th»»  oxidi*  iiAi'ii  rxhibiLs  the  appearance  of  ignition  ;  Iml  n»  tho 
d<?>Liun position  proceeds,  it  boeonies  mow  >ilii?K>»h,  oud  requires  the  appU- 
cation  of  a  mniiidoraMe  ht-at  to  effect  its  completion. 

When  thi*  pro<yi88  is  at  an  end,  and  tlie  apparatus  perfectly  oool,  the 
str<.>au  («r  ^aa  if  'li'*<i»ntinii«.'Kl,  *lry  air  ik  drawn  llirnugh  the  whole  arrange- 
xnenl.  and.  la^itly,  the  parts  are  di»<vmne('tHl  and  rewei^hed.  The  lotu  of 
the  (-("pper  oxide  gives  the  uxygen  ;  the  jjain  of  UiO  reeeiver  and  tta  dry- 
ing-tube indicatefl  the  water ;  and  the  difference  between  the  two,  the 
hydrogen. 

A  set  of  experiments,  made  in  Parifi  in  tho  year  182(^,  by  Oulong  and 
Bfrzelius,  >tave  a?  »  mean  result,  for  tliA  ooiiipoflitjon  <»f  water  hy  weight, 
8.<K>9  parts  oxygen  Uy  1  part  liydrrjgen  ;  nnnilwrs  ho  m^arly  in  the  jiro- 
portion  of  H  to  1,  that  the  lattej-  have  usually  Un-n  a.siiuuied  to  Im.*  true. 

More  r«H'4'iiJly  the  Hohjeot  haM  been  reinvo8tigate<l  by  PumaJt,  with  tho 
moat  scrupulous  preeii^inn,  and  the  almve  supikosition  fully  conflrnied. 
Tb«  ooini»osition  of  water  may  therefore  be  conHiilered  a»  entablishi'd  ;  it 
oontaina  by  weight  %  parts  oxygen  to  1  part  hyrlrogen,  and  by  measure.  1 
TuIuiDL-  oxygen  to  2  vnlunn**  hyilrogen.  The  den«Uie«  of  the  ga!ti>i<,  au  nl- 
re«<Jy  mentioned,  o(»pre8j>ond  very  closely  with  tlH-sto  rt^iiltd. 

Tbe  pbyidical  pniperties  of  water  are  t<K»  well  known  t"  need  lengthened 
dt«cription  :  when  pure,  it  i»  c^'Iorlt**  and  tr.iiisparent,  destitute  of  taittu 
and  ckIof,  and  an  exct^-dingly  bad  conductor  of  eloctricity  of  low  tenttion. 
It  altaifiH  it*  greale«t  deuaity  towardH  4..'»0  C.  C4(>0  y.),  TreeKeti  at  OO  f. 
(320  K.),*  and  boili  under  the  ordinary  atmospheric  pressure  at  or  near 
lOOO  c.  (2I:JP  F.).     It  evaporates  at  all  tenip<Tatnre»(. 

The  wHght  of  a  cubia  centimetre  of  water  at  the  maximum  density  is 
chieen  as  the  nnit  of  weight  of  the  melnral  system  ;  and  caUetl  n  gram  ; 
onnsiHiuently  a  litre  or  cubic  decimetres  100  cubic  centimetri>s  of  water, 
at  thrt  same  t*'mperatare,  weighs  100*)  grams,  or  I  kilogram. 

A  cnbic  inch  of  water  al  62^  F.  weiglis  252.45  grains  ;  a  cubic  foot  weighs 
Twarly  KKW  ounces  avoirdupois;  and  an  imperial  gallon  weighs  70,000 
grsina,  or  10  lbs.  avoirdu(>ois. 

Wftt«r  is  825  times  heavier  than  air.  To  all  ordinary  observation,  It  la 
inoompressiltto  ;  very  accurate  experiments  have  nevertheK-fls  shown  that 
it  does  yield  Ut  a  small  extent  when  the  {>ower  empluyiNl  is  very  great, 

•  AccDfflinK  to  Dufour,  the  ipeetfle  gravity  of  loe  Is  0.0176 ;  WAt«r,  therefore,  oa 
frerilnf.  fipunds  by    '_  of  \\%  vt^umr. 
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tlie  (iiminntion  of  Tolnmt^  for  each  atniMpherc  of  prRSSnre  being  abont 
dl-tni)Iionth.i  <>f  llii^  wliolti. 

Clear  water,  altliniigh  colorless  in  8raaU  bulk,  is  blut^  Uko  IUr  atmos- 
phere wlieti  viewed  iu  iiians.  This  i»  seen  in  the  detfp  ultramoriue  tiut  of 
thit  ()4»An,  and  p4*rhaps  iu  a  stiU  more  U'autiful  manner  in  ttic  loki-s  nf 
Siriut^rland  and  tither  Alpine  oountrieii,  and  in  the  rivrnt  which  itjsue  from 
theai,  the  slightest  admixture  of  iniid  or  ytispendi:^!  impurity  destn>yinR 
tbccfloct.  Thottamo  niaguil3c<>nt  color  is  visil>lu  in  the  liHHiires  and  caverns 
fuund  in  the  ice  of  the  glaciers,  whi«-h  ia  uttiially  extremely  pure  and  traita- 
pan*nl  within,  althouj^ii  foul  up4>n  the  Hiirface. 


The 
to  be  O.t; 


cciutaminaled  to  a 
niiillprH,  Haline  and  or]|;uuie.  Simple 
a  iH^d  of  sand  will  tteparate  sunpeuded 


Hper-ilic  gravity  I'f  steam  or  vai.K)r  uf  water  is  found  by  exjicrimcnt 
eoiti]mre«i  with  nir  at  the  riame  temperature  and  pressure,  or  H 
li  *Joinpared  with  hydrt»j;rn.  Now.  it  has  been  alrewly  Bhown  that  water 
il  ivitipijsed  uf  twii  vulumeii  uf  hydro}ren  and  one  volume  uf  uxytfen  ;  and 
if  the  weight  of  one  volume  of  hydrogen  Iw  taken  a:^  unity,  that  of  two 
volumes  hydrogen  (  =  2)  and  one  volume  oxygon  (^lU)  will  together 
make  ly,  whieh  is  the  weight  of  two  volumt-*  of  wator-vajKir.  Conse- 
quently tifittr  in  thf  sUUv  of  ivffor  tonxi^ts  nf  t^y>  rolntiu^  of'  hiftirot/rn  ami  one 
vofume  of  nxyijfn  comirnned  into  Imt  iWu/wur.  .A  method  of  demonstrating  this 
important  fact  hy  direct  experiment  has  been  dcviseil  hy  Dr.  Ilofmann. 
tx  confltfltii  in  exploding  a  mixture  of  two  volnmes  hydrogen  and  one  vol- 
uuie  oxygen,  by  the  eieotric  spark,  in  a  eiwlioiiiiti-r  tul>e  imlostt.1  in  an 
atmosphere  of  the  vapor  of  a  liquid  (amylic  alcohol)  which  lioils  at  a  tem- 
perature coiuiiderably  above  that  of  bulling  water,  bo  tiuit  the  water  pro- 
dueixl  by  the  combination  of  the  gases  remains  iu  the  state  of  vapor  instead 
of  Ht  onco  condensing  tn  the  liquid  fonn.  It  is  then  seen  that  the  throe 
Tolunies  of  mixed  gas  are  reiluce<l  aft^'r  the  ex]dottiun  to  two  volumes.* 

Water  seldom  or  never  occnrs  in   nature  in  a  state  of  perfect  pnrity: 
even  tli«  rain  which  falls  in  the  ojhmi  country  cwntaing  a  trace  of  ammo- 
nlacal  salt,    while  rivers  and  springs    are    invarialily 
(greater  ttr  h-ss  <'Xt*!ht  with  solubU' 
filtration  though  a  porous  stone  or 

impurities,  but  distillation  alone  will  free  the  liquid  from  those  which  are 
dissolre^l.  In  the  preparation  of  distilled  water,  which  is  an  article  of 
large  contumptioii  in  the  ncieutific  lalwratory,  it  is  proper  torejin-'t  the  first 
pttrtions  which  pa<ts  over,  and  to  avnid  rnrrying  the  distillation  to  dryness. 
The  proci'ss  may  U«  couducterl  in  a  metal  still  furnished  with  a  worm  or 
condf-nstT  of  silver  or  tin  ;  lead  nnist  not  1m«  utief]. 

The  fM-^'aii  is  the  great  recipient  of  the  saline  matter  carried  down  hy  the 
rivers  which  drain  the  land  :  hence  the  vast  accumulation  of  salts.  The 
following  table  will  serve  to  convey  an  iiies  of  the  ordinary  composition  of 
sea-water  ;  the  analysis  is  hy  Dr,  8cJ»weitxer,t  of  Brighton,  the  water  be- 

Iing  that  of  the  British  Chaunel : — 
1000  t'raina  oimtained — 
Wat..r 964,746 


So.||um  chloride 

.       27.059 

Potassiam  clih*ride  . 

0.7Uti 

Magnesium  ehlt>rid« 

3.(i0a 

Vagnesiuni  bromiile 

0.029 

Ma^esium  snljihate 

2.29fi 

Calcium  sulphate 

1.40tJ 

Calcium  carlKinnte    . 

0.033 

Traois  of  Iodine  and  .Ammoniacal  salts    . 

. 

*  Tor  a  dtscrlptton  of  the  appnratai, 
;iL  61- 
f  I'MJotofhfoii  Mm^itrlnef  July  1SS». 


1000.000 
tee  HofmsBn's  Modera  OheoittCry  (IWt^ 


UYDHOUKN. 


trUj-  wms  fonnd  to  \n*  1.0274  M  l&.uO  C.  (tlO-'  F.>.     tf*». 
tarUtioits  nf  tU'iixily  aiuI  iiomjKMitiuii  by  th«  iitftuitncvc^ 
i,  sojcb  a»  tht4  prvxiiutl/  of  Im^u  riv«n,  ur  iujuwmi  of  maltUig 
otliitf  circxiriHtjuici**. 

*|irkni^  iiri;  oft<*n  inii>rcf^ati'<d  to  a  K>'''at  i'Xt«TUt  with  milijlilo 
ilrrivud  fmu  tliu  rm^k:!  ilivy   Uftv^nn  ;  mtrh  Am  (liv  rarioua 
:\*    r  '-.-rwl  ovi'r  the  m  bulu  iiarlli,  and  to  which   mi'ilictiml 

%T\-  fviuii!  of  tht'iKt  huM  frrrotitt  oxkIo  in  tHtlultoii,  iiiitl 

,.  •.arlxiuic  acid  ^a»  ;  oiherck  iLtv  Alkaliin*,  prolKiblr  rn>m 
Mu>;  rtK-ki>  of  vulcanic  ori;:;in  ;  %iiuiv  coittMiJi  »  very  luttablc  iiuaiitity 
or  broiuiutt.     Tb«Lr  t«iupuraturu»,  aIho^  ore  us  variAbK*  aa  thrir 
irmical  Kiaturv. 

WAt*T  lii-iA  on  mnny  oxid««,  both  Arui  and  bjisio,  wiUi  grva<  eiii*T);y  aud 
"  of  bitnt,  |irif<luciiigconipouudaeAt)<'d  byUrtixiddii, 
••11  and  Mxygen  in  the  proiMirtion  to  fori'i  wut^T,  but 
.VI  i.i»^4i>  •  -vt-Liiij^  Jiii  watur,  th<t  rliMii4<nl!(  of  thi*  two  tiuttnit  iu  combiuing 
kving  utid«rguutf  a  ubAii^'v  uf  arraugemuut,  tlius  : — 

K,0  -4.  n,Oe2KII(»  ri.tAJ*i»iiim  bydmxtdi'  (i»n!a*h). 

CaO  -V  Hj<»=ar.ill,u,  ral.iiini  bydroxid.-  (wlak-Ni  liin^). 

SO,   +  1I,0  =  E?M-U|  ijuij.hur  bydroxidf  (miljiliurir  wid). 

P/Jj  -f-  \i^Os^*2VliOg  l'hoii|)boru:t  liydroxidc*  (uu< tapbinpUurio  ftcid). 

In  mAny  of  thi-se  compotinilfl  the  clt-mfnts  of  water  are  rctniniKl  with 

reat  furv«,  and  requirtubiKb  ti-ni{K*rutur**  lofxpcl  th<>ui:  calcium  br<lrox- 

'      f  -     V  \Tiipli'.  r«'quin>»«  a  rc<l  heat  hi  wmvcrl  il  info  anliydruiiA  mli-itim 

k-linn).  nnd  the  bydn^xidcd  nf  iHtlnftr^iuiu,  bariuni,  sulpliur, 

i:. .  ,...  .  i^lioruu  cannot  Iw  dt^hydrnti'*!  by  lu-at  aluim. 

In  otb«r  CAs<«,  wateT  apiM'ar*  to  conibin«i  with   othrr  Imdi-*— #*nltii,  for 

*xamplp — AS  such,  or,  In  ollutr  wonbi,  without  alteration  of  aloniin  airoii^u- 

ivnt.     Sucli  cunipouudt  aro  riiMiMl    hyilratuB,  and  the  wat^^  fviiiidinvd 

n  thi'm— th<-  i»rt*si'nc«  of  wliirh  haa  great  influonoi'  on  the  crystallinr  form 

»f  the  comiKMind — in  itaUcd   wator  of  cryu  tall  ixatiun.     Water  tUua 

imbiutMl  w  <*nsily  cx[it*Ili'«l  by  heat,  UMWtly  at  l<M>-Il!(iO  I\ 

Many  »nlti(  tximblnc  with  dilTcn-nt  <|uaiititic«  of  water,  arrordJnp  to  Ibo 

[|4'ni[mrnturi*  at  whicU  tliey  scparat*-*  front  mdulioii,  the  ({iinntilv  thud  taken 

[yp  Iviu;;,  for  tbi'  miml  part,  jjr»'at«*r  jw  tli*'  ti*niin«ratiir«>  of  Holidillralion   ia 

»W4*r :  thus,  sodium  carbonate  cry4talli8r*ii  from  eiolution  at  ordinary  tem- 

'raluri'S  in  obliqu»>  rhnnibiu  prinniK  cunlainini;  ID  mn|(_M!uK*«  of  wat>*r 

[ri)jNa,  +  I'^U'O.    wb<*rt«aa    at    bij^brr    ti*niptratnrr^    it.   cry»*tallif.<-a    on 

i),Na,  4-  BH,0  or  r»H,0.  and  from  a  boiling  &>lution  iu  rectangular  plaloa 

Milninin^r  ('0,\a-+  11,0. 

Ther««  aro  *I«i  hydrate*  callnd    oryohy  dralwa  ,*  whlnh  oxiat  only  at 

llrnifnTatunr^  Udow  th»^  tr(*f*t\/\i:  [koint  of  wntor ;  tbnp,  nodium  cbloridw 

j^odiimmi  salt),  whith  at  ordinary  ttMniH'raturif*  orvstalliz**  in  anhydrous 

ulM-^,ftolidifi»*ft  at — iW^r.  ( — !>.4  F.)  with  101  molfCitUa  of  water,  forming; 

tP  hydrato  Nan4-  lOJll/i.  or  2NaCH-21H/»,  and  ammonium  ehlorido 

'flal-nmmoTiiar).   aUn   anlivdmnn    at  ordinarv  tf'mpi^raturcit.   solMlfiefi   at 

—  iriO  c.  (—60  F.)  to  A  hVdrnto  cnntnininf;  NH/'I  +  )21I,0. 

n  MOfnt*  n]M(«,  wa(i*r  of  crvfttallizaliou  in  no  fenbly  itmibinnl  that  it  |rm- 
nally  Bi'pnmt*^  wh<»n  th**  snlwinnc**  cnntoininfr  it  it*  exiKiwod  at  onlinnry 
porntur<»*  to  dry  air,  the   salt  at  tlo?  same  tim**  losin-^  its   i*ryHt:ilIino 
iar,*»ft*T  and    fiillini;  to  |Ktwder.     This   chnn-;!'.  cnlli'd    offloroseoimo , 
is  Kirikinirly  exliibited  by  crystallized  ttodium  earlfonate  and  common  alum. 
On   the  nlber  hanrl.  many   Kulwtnncrs  which   ar»  vory   Bolublf    in   water 
wat«r  from  moist  air  in  such  qnantity  as  to  form  a  solatlnn  ;  this 

•  Oultiric.  Phil,  aintr.  (Ser.  4)  xUx.  1,  SOQ:  1,  9fl  »— (>r  ')  L  4fi;  11.  '211, 
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cIiAngft,  wliieh  is  oxhiWt«»d  br  cAlcinni  chlondfl  and  potoAftium  li^ilroxl 

].ii(>tly,  thtf  solvi'iit  projj^rtH's  of  water  far  oxceiil  IhoHd  nf  any  oth<*r 
liipiiil  knowu.  AiuuD^HalU  n  v-<>r>'  lar^v  proportion  arc  solublo  to  a  jcroaler 
or  li'Sfl  cxU*nt,  the  aolubility  UHunlly  iucri-'awini;  with  Iho  tomperaturo,  su 
tli»t  A  liot  saturated  Molutioii  dfiM»ils  crywtalj*  on  wKiliiig.  There  nru  afi-w 
exiH'ptions  to  tlii«  Inw,  oii^  nf  the  nn»st  remarkablo  of  which  is  (nimiunn 
Bnlt,  thii  floliildlity  ot  whicli  U  ixMirly  the  »ame  at  nil  teuiiHTalurej  :  tha 
hydroxide  and  rertnin  or^anio  italtH  of  calcium,  KUo,-dUi)olve  nioro  frtt^^l/ 
in  cold  tlinn  in  liot  water. 

Fig.  9^  pxhihitit  the  un>Hiual  Knlubllity  of  different  salts  in  wat«r  of  dif- 
ferent temperatures.  Th«t  lmr»  of  m J uUl it ^  exit  tlte  vertiottla  raiited  frf>m 
{K>iiii^  indicating  tli(«  ieni|HTatun^,  upon  tho  Inwor  h'^rixoninl  line,  at 
liei^'hto  pro]wirli<iii«'d  to  lite  qiiniif  illen  of  tialt  dissolved  by  100  pnrt»  of 
water.  The  diagram  shows,  for  r\iimple.  that  UKt  partfi  of  water  dipsolve 
of  potussium  dutpliutu  8  parts  at  iP  C.,  17  porta  at  bif-^  and  25  parts  at 


Saluttility  of  Salt*  im  100  partt  of  Wtttt-r, 
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1000.  Tliere  are  snlts  which,  like  sodium  chloride,  possean,  as  alreaaj 
Itu-ntioned.  very  nrvirly  the  same  degroe  of  sohibility  in  water  at  all  tem- 
per At  urefl  ;  in  others,  like  iM)l.i.sBium  ttulpbatv  or  iMjtaa^inm  chloride,  th« 
solubility  increaaci*  directly  with  the  iiicrouientof  t<.'iuporature  ;  in  othem, 
again,  like  potaiiitintnnit  rate  or  jxaoctt^ium  chlorate,  thoiujlubilily  au^^uieutf 
niurh  more  r.Tpidly  than  tlif  teiu]ieratnri'.  The  dithrenoi':!  in  the  dep^i 
ment  of  thitie  dilTerent  «nlt«  are  hliuwn  Xk}x\  conspicuously,  by  a  straigl 
liorizontiil  line,  by  a  ntnii^^ht  inclined  line,  uid  Lastly,  by  curves,  tho  001 
Tpxity  of  which  iii  turned  towards  the  lower  imrixonul  line. 

Thesolnbilily  of  a»aU  isuBually  reprobiMitiHi  by  thcqufintitynf  anhydroi 
salt  •iJHHfdrM   by  HKl  parts  of  water.     It  iit  obvit.ns,  however,  that   «ii 
CDDlainin^'  water  oi  hj^dratlon  or  water  of  cryaiallitation  cannot,  with 
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■pvtsiti  liti-  jriv&tnrp,  fli»jM>IvA  In  walvr  In  Iho  AtiUytlrotiii  «la(ey 

WlDUst  t-  1  as  KrtLrAtt^.     TIih  RoliihilHy  of  a  tiy<lrjitc<l  aaH  rr«»- 

fnratl/ diUwr»  \*ty  o.»nf>ir|*-ratil^-  frtno  that  uf  Uio  imtnv  salt  in  tiiti  an- 
l/diiKi*  •taitt,  A^aJu,  nuny  salts,  aj  already  aL8«rv«^fJ,  furiu  nmrt*  than 
ree  liydralo ;   juid  llifso  »•  ''      '    it*^  uuty  ul-  1  ility. 

.■vliiim  fMiljihatr  U^nua  a  Ji  'j>la,-f-  71i  ■  :irU, 

j!  i;t  ;  - -•  -  ■''   ■.  n'i  v.^r.,lw     .... » 7  parts  of  «... i,  .- ..i-,,.iiinl  in 

rrr:\  .  '  iMvliiini  •itl|itijkt<<  satiimUwl  at  llH^  <'.  it^  ixM>li-d 

i»3t  r.r  >      I  ir  :  tliJH    tiT'lratif  is  much   lu'tn*  tii>li)b1"  ihau  the 

onlinary  h  '."^'"i-l-  l**H/»  (tiUubrr's  sail),  which  dilTtrn  ftimi  Iha 

V-na-r  in  i:  nt"  fcrni,  «nU  omulsts,  In  1"*'  jJATtf,  of  44.2  parte  of 

uiU/4r«»ttii  s.ilL  ^u<l  /i^lH  |>tirt«  nf.wut*>r.  When  a  noliitioii  of  mihImiih  sul- 
yL\v  is  haiiirAl'il  at  11h>  tMiillii>^  jtolnl  uf  vnlcr,  aih)  c(mi|».<1  In  ilic  <'<>niiii(>lB! 
'  '  '  ,  -itiii«  any  cryBtnl?*,  tti»*  f>nlt  rxipt^  in  thoforni  of 
This  e.ilt.  when  <-«iiiiiii^  in  ci'iituct  with  lh« 
-  ...i  .  ..;  .. ,,;.  .i  Mn  ill  <rvBt.al  of  rooiitioii  (ilauhi-r'^  salt,  is  sod- 
leoly  transfi-TiiiLxl    Into  lli.         -  iMr?  hydralo,  pnrt  of  whir  h  <u<|iara('« 

ftom  thtf  atitutiun  in  iho  f  i  <m  •  r  '•!  iuIh.t's  salt.  Krivn  to  tu  3.'!-  ('.  (^ilP 
tftUt'-^  K.)  mhUuiu  6ul|>hat«!  iliHsulviit  u«  (ilaubi'r's  snlt,  thi.<  »«>1iihility  uf 
tiucli  in»*rt*n-'"»  with  tin'  1*<ni]MTati)ri! :  hi*nc«!  thr  rapjil  riiw  of  Ihr  cnrre 
^  nf  thi'  salt.  Ahov*  3:P  C.  (!»lo  F.)  the  hydrate 
in]K's««l,  fTfu  in  solution,  In-ing  niort_<  and  more 
iiiv  I ',11  k .  1 1. VI  iiuuiliP!  anhydrous  salt  as  tlu*  lcni]>i'rAturi>  inm-aflrH. 
snljdiaU'  aj'pf'ars,  Imwrvft,  fj.r  Ivna  »in|iiMc  in  the  .-inliyilrmip  hifitr, 
lencc  th«  dtminutinn  of  sotttbUity  of  thi*  salt  when  ita  solution  ia 
«tl  abov*  330  C.  (Oio  y.) 

ISijutii  IHffHsinn.  />iVi'*/fM.— W1i*n  a  solatlnn  having  a  sp.  gr.  groaUor 
ilban  wat«-r  Is  introtliu-t'*!  into  a  rytindricAt  glAfi8  vi-ssol.  and  tht^n  water 
TtTy  cauthmsly  pi>or«l  mikiu  it,  in  suuh  a  inann»T  that  tliu  two  lsyi*rs  of 
lif^nid  r(>main  tinniovisl,  tho  sot^tAiK-t*  dJKSolrif)  in  tin*  lowiT  lifjuid  will 
gralimlly  pa«8  into  tho  sni><Tnatant  watrr.  thouph  the  v»*sci'l  may  havo 
K.  It  l.-ft  undi»turh«'d,  and  tlu>  tcaipfiniurL*  rtruiaiu  unclmii^cd.  'I'his 
gia>Uial  paHMa|;e  of  a  dJHttolvcd  HutntJiui-t!  from  iLM  original  solution  into 
}f\\tv  wati^^  taking  plncv  notwithstanding  tho  high*T  specific  grnvity  nf 
Uio  Hnlmiano'  which  opiKWt'S  this  pn»sag»',  is  ralh-d  tho  tfijfvstvn  of  Utfuitfn. 
Tli*»  phrnomrna  of  tiiis  dilfuBliin  havo  hern  tlnlftirntily  inv«-fttif;ntr<f|  hy 
Graham,  who  has  axrivM  at  very  inijiortnnt  results.  DifTcrontsulwtanct'K, 
wlicn  in  Bolutinn  of  Ihi^  saino  oonct'ntration,  ami  undr-r  other  siniilar  cir- 
tnnifttanof's,  dilftiso  with  \'vTy  uncqunl  v<*I<K'ity.  HydrfThloric  ai  id,  for 
ICO,  diffuses  with  pr**at(.'r  r.ijiiility  th.in  l)o^n»»^ilIm  rhl^Tidr-,  putnitKiuni 
mort*  r.ipidly  than  srHlinm  ohinridc,  and  tho  latter,  n^ain,  nioro 
ly  than  nia;;niT-ium  siilphntf  ;  f^clotin,  nlhnmi'n,  and  rjiraniel  ditTuno 
slowly.  1)irfu><.ion  is  generally  found  to  tako  plant*  nioro  rapidly  at 
tii-h  than  at  low  tempt»ratures.  Diffusion  is  morp  particnlnrly  rajiid  with 
d  snlwtanc-1'8,  though  not  t-xolusivoly,  for  hydroehloric  acid  snd 
anion;,'  tho  highly  diffusivp  liodies.  HilTnsion  is  slow  with  nnn- 
[.iijiN.*  hiKlif};,  which,  like  pi'latin,  art-  papahlo  of  fomiinp  a  JpIIt, 
'tti«>ii|;h  even  h<'ro  exceptions  are  met  wltli,  (Irnhani  calls  the  nnhbtancea 
of  ^T.-nt  ditfusibility  rrtffttillui'iU,  the  sulwitancw  nf  low  dlffiisihility  aAIoSdM. 
The  unc<|ual  jM^twiT  nf  ditfnr'ion  with  which  different  ^ubBlancl•8  aro  en- 
duwutl  fri'iintMilly  furnishes  the  moans  nf  separating  them.  When  water 
is  jKiurisI  with  caution,  so  as  to  prevent  mixing,  nprm  a  solution  contain- 
ing equal  quantities  of  potassium  chloride  and  sodium  chloride,  the  nior« 
idirrui'lltle  iHit.issiuin  chloride  travels  mnro  rapidly  upwards  than  the  h-ss 
liduitihlit  t«4Mlium  chloridw,  and  very  nonsiderahb'  j>«irtitms  of  potn^Hinm 
'!•  will  have  reached  thf  upper  layers  of  the  water  licforc  thf  sodium 


I 


J 


144 


BITDBOQEIV. 


chloride  has  arrivpd  Ihern  in  apprecinblw  quantity.  Tlie  spparntinn  of 
rapitlly  ililfusililn  crybtalloiJi}  and  8lnwly  diltuHilili^  uill<ii>l»  siuct-ciU  istiU 
be tier. 

A  luoru  perfect  neparation  of  crysLalloiiis  and  cttlhmlM  may  be  accom* 
]tliHh*)(l  in  the  fiilluwing  manner:  (jraliaui  HiAiIh  tlu;  itii[Mirtant  ulhtorva- 
tion,  that  e<trtAiu  uoiul>rani'!i,  ain'i  aUr>  parchiiient  iniptT,  wh^n  in  omtnct, 
on  the  one  Kurfa^v,  nith  a  solution  containing  a  mixturuuf  cryflaltuMol 
and  colloidal  8iil)stancv»,  and.  on  the  otbor  surface,  with  pure  water,  will 
permtl  tlie  pa^nagt*  Iti  tlie  watur  of  the  crystallu'idit,  but  uut  uf  the  eulloTds. 
To  rarry  out  thitt  inii>ortant  uixle  uf  i^fparalion,  which  is  designatinl  by 
the  t«rni  (/lo/^/tw,  the  lower  uioutli  of  a  plasH  veaeel,  open  at  top  and  bottom 
(fl^'  •'*»)•  '-''  ^-"'^  ^^"^^  with  parchment  pajter,  plartxl  upon  an  appropriate 
support  (fig.  <*7),  and  tranafrrrud,  together  with  the  latter,  into  a  larger 
ve«»el  filli*d  with  water  (fig.  !!!>)  ;  or  the  ve^ind  uiay  l>e  suspeiidt^t,  as 
shown  in  lig.  !)8.  The  liquid  eonlaining  the  dilTemit  snIiAtanrefi  in  snlu- 
tiou  in  then  {toured  into  the  iuuer  Tes»el,  bo  ou  to  form  a  layer  of  about 
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r  an  inch  in  height  upon  the  parcliment  [mper.  The  crystnlloTdal  sub- 
■taucea  gradually  pa.Hs  tlirough  the  parchment  paper  into  the  outiT  wat>>r, 
which  may  U-  renewed  from  time  to  time;  the  etdhiidal  suUitanct^  are 
almost  entirely  retained  by  the  liquid  in  the  inner  ve?(-u*L  In  tliis  mannor 
Oraham  prepartMl  several  coUo'idH  frea  from  eryHtallnids  ;  he  showed,  mor»- 
orur,  that  poiHonous  erystalloTds,  such  as  arfienious  acid  or  Htrychnine, 
even  when  mixed  with  very  lar^e  proportionn  of  colloidal  substanreft,  pasa 
or«r  into  the  water  of  the  dialyxiT  in  Kuch  a  state  of  purity  thnt  their 
preaoiuw  may  be  eiitabli«h'>l  by  re-agents  with  the  utmost  facility. 

OkMne.-*Wheu  two  dtlTeriMit  liquidiii  are  separated  by  a  imrons  dia- 
phragm, as.  for  iuKtanoe,  by  a  niend.irane,  and  the  liquids  mix  through 
this  diaphragm,  it  is  found  that  in  m(ir<L  ca«e3  the  quantities  travelling  in 
opposite  diriH^tionif  are  unequal.  i^uppoBo  three  cylimlers,  the  lower 
moutlis  of  which  are  tied  over  with  ]da<id«T»,  filU-d  reMpei'tively  with  con- 
iwatrated  solutions  of  copper  sulphate,  imdium  ehlnride,  and  aleohol,  and 
let  them  h**  immersed  in  vettseU  containing  water,  to  such  a  depth  that 
the  liquids  inside  and  out-tide  are  level  (fig.  KM').  After  some  time  the 
liquid  within  the  tube  is  found  to  have  ri.'^en  appreciably  almre  the  lev* 
of  the  water  (fig.  101).  On  the  other  baud,  if  the  cylinder  filled  wM 
pure  water   be  lmuier:4i*d   in  a  Hotulion   uf  i'<ipp«'r   sul[>liiib',  nr  of  rtntllul 


«Uiriil«,  or  is  »Ioolial,  th«  liquid  So  the  crlindrr  b  •«ea  to  dimfnUti  MXXrr 
m^  tine  (ij;.  102).  A  lirp  r  — ---y  of  wKt«r  pM»n  UiMu^fa  lliu 
lato  the  solnllnn  «if  <?<-:  kt«,  of  sodium  chloride,  or  into 

thAU  the  amount  uF  ci^-  -        laca*  thrw  lUiaidn  wliich  pftHd 
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imi^h  th«  bladder  into  the  WAt«r.  The  mixinfr  of  dtoatmllar  unhsl 
CkruDKh  *  {H?r<iu»  diaphragm  in  callml  offiiwuv.  The  [)aa»af;<«  in  lar^vr 
p>rti(>DM  t>r  one  lii^uid  into  axiothcr  in  ilotfiiriiattNl  by  Clit*  tcnn  eju»/ho»r. 

Tljrti*:!'  |>lit*ti(Hnt*na  art*  doe  lo  the  attraolton  whii:h  lh«  (wu  liijiiltls  have 

iox  «ach  otiier,  auil  In  lUfi  diff^rrnct*  of  thti  attra4^tiou  rxt^rciHtxl  l»r  thi*  tlia- 

phragtun  apon  tht'^e  litjoidit.     Rlaildvr  takiv  U|>  a  much  largiT  qnantit/ 

of  water  than  of  a  aolution  of  «nlt  ttr  of  alvobul.     Very  rar<*ly  (inly  one  of 

tba  Uquida  trart-rRvs  the  <iia|>hra^'m :  gi'iifrally  two  eurrvnla  of  unv<iual 

gtrm^th  move  in  opix^iit**  dircotinna.   When  wator  la  loitarati-ai  by  an  niti- 

I,  I  '     <  .    '       1  .1  milutidu  or  Halt  or  from  aU-idiol,  not  only  ia  a  tranal* 

liqiii'iH  oliu''rv<yl,  but  a  ftmall  <|uantity  uf  hydrochloric 

•  p'L-4'«i-a  over  Into  the  wator.     lutomeoaaoa,  hnwover, 

— '  in  Cf}nc>.*ntrat«d  aoliiliona  are  on  one  »Uiv  of  th» 

rwH  )  he  other,  thf  Uttnralouvtraveraea  the  diaphragm, 

tai»t  a  tracr  of  tho  (armnr  paaKing  throu(;h  to  iho  wat«r. 
Water  likewise  dlaaolres  gaai'e.  Solution  of  gaiiee  in  water  (or  In  othnr 
muidft)  19  called  ahtorjiti'm,  unless  thi^  solution  given  riae  to  the  formation 
•f  cUrmical  compoundH  in  definite  pni{MirtinnH.  The  jdwuninena  of  al^ori^- 
tion  hare  1}«*in  more  pnrti'Milarly  sludie*!  by  nnuHen,  to  whom  we  arts  hi* 
d^bli>fl  for  tlie  uioHt  aenirate  fxaniinatii^n  df  tlii-t  6tihjt>ct. 
Water  di.<ii«rilTPS  very  uniH|nal  quantiti(\<4  nf  thu  dilTeront  gaaoa,  and  vftry 
uorqnal  c|uantitie6  of  the  name  gaa  at  dilTervnt  temperature.  1  vol.  of 
wat«r  alM<orlm,  at  the  temperatures  stated  in  the  table^  and  under  the 
iar«  of  30  inchee  of  mercory,  the  fotlowiiig  vulamne  of  difleranC  gaaue, 
lared  at  (P  C.  and  30  iucht«  pressure  :^ 
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When  tho  prMsnre  increases,  a  larger  qnantHy  of  thp  giiSM  ia  alisorV-d. 
Oaseii  mocleratfly  solultlo  in  wAtur  fcillow  in  Ihcir  solubility  llio  liiw  of 
Heiirjr  and  I>aUnn,  according  Ui  which  Iho  qnai)tit;r  of  gn«i  clisf'olvod  is 
projKirlional  to  th«  prwKure.  At  1CK>  C.  1  vg|.  t>f  water  alK4orbB,  uiHler  ft 
pri!9ii^ur«'  of  1  ntinnftphore,  1.18  vol.  of  carlx^n  dioxide,  luvaaureil  at  (/3  uid 
under  a  prt'sauni  of  30  iiivhi's  iiKTcnry.  Tho  quantity  of  larlmn  dioxide 
diBSMlved  undiT  a  prfssure  of  2  atiiioi>plien>9f  and  iueaHnr**d  undur  txindi- 
lions  prociaely  similar  to  thos^*  of  the  prt'vioUB  experiments,  equals  2.H6 
vols.  Again,  1  vol.  of  wat«r  dissolves  under  a  preSHure  of  ^  atniL>»plH*re, 
0.&9  rol.  of  carlx>n  dioxidtt  also  m^oitiircil  at  iP  and  undi-r  :tO  im-hfs  of 
inercurjr.  Gases  which  are  fxceedingly  soluble  in  water  do  not  oWy  this 
law,  «xc«pt  at  high  t(;niperaturea,  when  the  aolubility  has  been  mlread/ 
cousiderably  diminished. 

It  dtaurvwj,  however,  to  be  noticed,  that  tho  pressure  which  determines 
the  ratu  of  absurption  of  a  goa  is  by  do  means  the  general  prcsHnre  to 
which  th«  almorbiiig  litiuid  is  exposed,  but  that  pre*8iire  whieh  the  gas 
under  rflnsideration  would  exert  if  it  were  alone  pn-sent  in  the  npnce  with 
which  the  atworbing  liquid  is  in  contact.  ThuB.  supposing  water  to  bf  in 
contact  with  a  mixture  of  1  vol.  of  carbon  dioxide  and  3  vols,  of  nitrogen, 
under  a  pressure  of  4  atUKisphereti,  the  amount  of  carlmn  dioxide  dissolved 
by  lh«  water  will  be  by  no  means  equal  to  that  which  the  water  would 
have  ftheorlKjd  if  it  hail  l}et'n,  at  the  sante  pressure  of  4  atmo«phere«,  in 
contact  with  pure  carlrt>n  dioxide.  In  a  mixture  of  carl)on  dioxide  and 
nitrogen  in  the  stnteii  proportions,  the  carbon  dioxide  exereii^es  only  |,  tho 
nitrogen  only  J.  of  the  total  pressure  of  the  gaseous  mixture  (4  atnuw- 
phere»)  ;  the  partial  prebsure  due  to  the  tarlKin  dioxide  in  in  thin  ra»e  1 
atmo:«phere,  that  due  to  the  nitrogen  '.\  atnio<^pheri-s  ;  aTid  water,  though 
cxpueud  to  a  pruBstireof  4  atmospheres,  oanuot,  under  these  circDmstanceA, 
absorb  more  carbon  dioxide  than  it  wouM  if  it  were  in  contact  with  pure 
carbon  dioxide  under  a  pressure  of  1  atiuosjdiere. 

Ii  is  Dei.\*s»iiry  to  bear  this  in  mind  in  order  to  nnderetand  why  the  air 
which  is  absorbe-l  by  water  out  of  the  atuioephere  ditfers  in  composition 
from  almospherii'  riir.  The  latter  consists  very  nearly  of  21  vols,  of  oxy- 
gen and  79  vuU.  of  nitrogen.  In  atuiospherie  air  which  acts  under  a  pres- 
sure of  1  atmosphere,  the  oxygen  exert«  a  partial  pri'tt^nre  of  ^^,  the 
nitrogen  a  partial  pressure  of  A'^  atmosphere.  At  IOC.  1  vol.  of  water 
(sfle  the  alK>ve  table)  al«orbs  0.033  vol.  of  oxygen  and  O.OIC  vol.  of  nitro- 
gen, supposing  these  gaaes  to  art  in  the  pure  statf*  under  a  pressure  of  1 
atmoepliero.  But  under  the  partial  pressures  juhI  indicated,  water  of  l(iO 
C.  cannot  ab!M>rb  more  Ihan  -^^^  X  0.0;i3  =  0.007  of  oxygen,  and  ^5*0  X 
0.01«  s  0.13  vol.  of  nitrogen.  In  O.O07  +  0.13  -=  0.020  vid.  of  the  gase- 
ous mixture  abftorhwl  hy  water,  there  are  mnfeqiiently  0.007  vol.  of  oxym  n 
and  0.013  vol.  of  nitrogen,  or  in  20  vols,  of  this  mixture,  7  vols,  of  oxygen 
and  13  vols,  of  nitrogen,  or  in  100  vols,  of  the  gaseous  mixture,  35  vols. 
of  oxygen  and  69  vols,  of  nitrogen.  The  air  ctmtained  at  the  common 
temperature  in  wate^r  ia  thus  seen  to  l»e  very  murh  richer  in  oxygen  than 
onlinarv  atmospheric  air.  This  property  of  water  to  alisorh  oxygen  from 
the  air  more  reoilily  than  nitrogen  has  been  applied  to  the  preparation  of 
oxygHU  for  industrial  U!*e.* 

Air  is  pr»«8ed  int«  water  hy  m*'«n«  of  a  forping-pump,  and  the  gfc^eft 
which  escape  on  diminishing  the  pressure  are  subjei'ied  to  the  same  treat- 
ment uight  times  in  succession,  by  which  time  nearly  pure  oxygen  is  ob- 
tained. The  following  tabic  shown  the  oompoBition  of  the  gaaeoua  mixture 
at  each  Bucceasivu  stage : — 

[alletf  Dlnflcr'a  Folyt.  JournaliCXcla.  lUL 
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AtaoipberiA 

CoBipoiltloi*  »fter  tacceiftlve  preuuret. 

air. 

t               3 

a 

4 

.  1   . 

7 

8 

K.     •     .     .  7t*     Uti.ti? 
0  .     .     .     .  21  1  33.33 

52.A 
47.5 

37.5 
6'l,i 

25.0 
75.0 

15.0 
85.0 

9.0 
01.0 

5.0 
95.0 

2.7 
97.3 

^ater  eontAining  a  gas  in  solution,  when  expofittl  in  a  rauuum  or  in  a 
filli-Hl  witli  anothtfr  gad,  allows  (liv  ga^  alisorlK^l  to  i'8ca|M^  iinlil  U10 
tiiy  retalutid  oorrtf:ip(>ii'i&  wicli  the  Hhart*  uf  tLe  pressure  belonging  to 
gas  tfvolved.  If  tli«  Intt^-r  be  nmstaiitly  r»-niove<i  by  a  powerful  ab- 
bent  or  by  a  good  air-pump,  it  is  in  luoat  c.tunti  easy  to  aeparatir  ovriy 
of  gas  from  lliu  water.  Thf  najuu  reflult  is  ulftainud  wlieu  wator  t.-on- 
ining  a  goji  in  rtiilulion  id  tfXp<iaM  in  a  f^pairt*  tif  comparatively  innn!l« 
UIIliI  with  aitothrr  ga^.  WattT  in  wbiuh  nitrogt*ii  monoxi'lc  i»  din- 
Wed  lod«9S  the  latter  eiitiri-Iy  by  mi-rc  pxpofture  to  llip  atm»;*phcr*%  and 
the  gaa  erolred  cannot,  at  any  moini-iit,  ext-rl  mure  than  an  inniutdy  small 
thare  of  tb«  prvSKuru.  If  watifr  be  frefil  fmin  frasfu  by  *<bullili(in,  the 
wpATAtion  dtfpendfi  partly  upon  the  diminution  of  ibv  snlubilit/  liy  tbf*  in- 
creanv  of  teinperaturt?.  partly  alijo  upon  tliu  formation  aborp  the  eurfavo 
of  the  liquid  of  a  constantly  renewed  atnuMphere  into  which  the  goa  still 
rctaiuLMl  by  the  liijuid  m.ty  (.-scape. 

Sjrne  gAAeii  whit'h  are  alMnrlNMl  in  larpp  quantiti(>a,  and  \'ery  cjuickly  by 
WJiliT — bvdrot'hJitrir  J«;id,  for  instano^^aiiiiot  be  perfectly  exju'Ib^l  either 
by  the  protractwl  action  of  another  ga^  (exposure  to  the  atmosiihert*)  or 
by  ebullition  ;  in  iiuch  coAefl  th<*  lirjiii<l,  still  charged  with  gnfi,  evaiH>rAt<« 
as  a  whole  when  it  haa  adsuuied  a  cM^rtain  composition.  Thitt  composition 
varies,  however,  with  the  temperature  if  the  liquid  be  Bubmitt«d  to  a  cur- 
rent of  air,  and  with  the  pretiaure  if  it  bn  boiled. 

Liquids  also  tosv  the  gas  they  contain  in  solution  by  fr"<>zing  :  bentv  the 
air-babbb's  in  ice,  which  consist  of  the  air  wbii-h  had  iMien  »iN«orlK>d  from 
the  aini«j»pltero  by  the  water.  Gas  is  retained  by  liquids  at  the  freeiing 
ttfioperature  only  when  it  funus  a  cheoiical  combination  in  definite  proctor- 
tion  with  the  liquid.  Water  (^oulaluing  clilnrine  or  Hulphuroua  aeid  in 
lolution  freezeH  without  crulutiou  of  gas,  with  formation  of  a  solid  hydrat* 
of  chlorine  ur  sulphurous  acid. 
Pure  water  ^ene^ally  dissolves  gases  more  copiously  than  water  containing 
ilid  Uxliea  in  Molution  (aaU  water,  for  instance).  If  in  sodia  f«w  eases 
ceptions  are  otiserred  to  take  place,  they  appear  to  depend  upon  the 
latiun  of  feebb'  but  true  ohernieal  coui(M>unds  iu  detinite  pniporllon  ; 
e  fact  that  carlum  dioxide  is  more  copiously  abaurbed  by  water  contain- 
ing luxlium  phosplinte  in  solution  than  by  pare  water,  may  perhaps  be  ex- 
plained in  this  manner. 

When  wat^r  is  heati-d  in  a  strong  vt^ssel  to  a  temperature  aV>ove  that  of 
the  ordinary  iNiiliiig  pttint,  its  Molvenl  powers  art*  still  further  increased. 
Itr.  Turner  inclos-^  in  the  upper  part  of  a  high-pressure  ateam-tioiler, 
worked  at  14l»'^  C.  (3«*<0  p.),  pieces  of  plate  and  cn)wn  glau.  At  the  ex- 
piration of  four  montliR  the  glass  was  found  eompletely  corroded  by  the 
aition  of  the  water:  what  remained  was  a  white  mass  of  silica,  destitute 
of  alkali,  while  sinlaclite;*  of  siliiMwus  matter,  al>nve  an  inch  in  length, 
d^p^mb^i  from  the  little  wire  .-ago  which  inchwwi  Uie  plaas.  This  experi- 
ment lends  to  illustrate  the  chans<'S  which  may  Iw  pro^iuwHl  by  the  action 
of  water  at  a  bi^h  temperature  in  the  interior  of  the  earth  upon  fclspatblo 
an^l  other  rocks.  The  phenomenon  is  manifest  iu  the  Geystir  springs  of 
iovlaod,  which  deposit  siliceous  sinter. 
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Hydrogen  Dioxide,  1^,0^,  domelimea  cnlled  Ox^ijcnated  tcater^  U  an 
exu«  tMliu^ly  iutcit-riting  i>ubbl&iice,  but  vorjr  dilBculc  of  preparation.  It  ia 
fiirmtHL  by  dissolving  barium  dioxido  in  dilute  hydrochloric  acid  cartjfany 
uonlinl  by  ice,  and  tbuu  preeipitating  the  barium  by  sulpbaric  arid  ;  the 
excesd  uf  oxygvu  of  iUt>  diuxitle,  iustraii  of  bt*iiig  disuugagiNi  na  gas,  uuiteii 
with  a  portion  of  tbe  watfr,  and  »tnVfrtd  it  into  bydrogeu  dioxide.  Thiii 
treatment  la  repeated  vitb  the  Maine  solution  and  freub  portions  of  the 
barium  dioxide,  until  a  i:onsidcrabl«  quantity  of  the  latter  has  been  oon- 
sumefl,  and  a  ct>rresponding  amount  of  the  hydrogen  dioxide  formed.  The 
liquid  yet  contains  hydrochloric  acid,  to  get  rid  of  which  it  is  treated  in 
suocedition  with  silver  sulphate  and  baryta  water.  Tbe  wbole  process 
rtHiuircs  the  utmost  care  and  atttMition.  The  barium  dioxide  itself  is  pre- 
parisi  by  exposing  pure  baryta,  a)ntaine<l  in  a  red-hot  porcelain  tul»e,  to 
a  stream  of  oxygen.  The  solution  of  hyilrogeu  dioxide  may  lie  amcentratitl 
under  the  air-pump  reiviver  until  it  acquires  the  specilic  gruvity  of  1.4;>. 
In  this  state  it  prt^eJiU  l)ie  aspect  of  a  colorless,  transpan-nt,  inotlorous 
liquid,  possessing  remarkable  bleaching  powers.  It  is  very  prouo  to  de- 
composition ;  the  blast  elevation  of  ti'mi)erature  causes  etlervesoenc*,  due 
to  tbo  eauapu  of  oxygen  gas  ;  near  lOftO  q,  h  \q  decomposed  with  explosive 
violence.  Hydrogen  dioxide  contains  rxactly  twice  as  much  oxygen  as 
water,  or  16  parts  to  one  port  of  hydrogen. 
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^H  NiTKooRK*^  constitutes  about  fuur-flfths  of  the  atmospbere,  and  enters 

^H      into  a  great   variety  uf  combinations.     It   may  be  prepared    by  several 
^^M      niotho'ls.     One  of  the  simplesL  of  these  is  to  bum  out  the  oxygen  ftoui  a 
^^r      0(mrin«*d  prirtiou  of  air  by  pboHphnrus,  or  by  a  Jet  of  hydrogen. 
'  Asnmll  iHircelaincapsule  is  floated  on  the  wat4Fr  of  the  pneumatic  trough, 

and  a  plec«>  of  phc8phorus  is  placed  in  it  and  set  on  fire.  A  bell-jar  is 
then  inverted  over  t1i«  whole,  and  suffered  to  rest  on  the  shelf  of  the 
trotigh,  so  as  to  pruj(*ct  a  little  over  its  eiigo.     At  flrst  the  boat  causes  ex- 

[pansion  of  the  air  of  the  Jar,  and  a  few  bubbles  are  expelled,  after  which 
the  level  of  the  water  rist-s  considerably.     When  the 
Fig.  108.  phosphorus  becomt*s  extinguished  by  exhaustion  of 

l^  the  oxygen,  aii<l  time  has  been  given  for  the  suliai' 

v'-'-'^^^Nt^  dunce  of  the  cloud  of  finely  divided  snow-like  phoe- 

X  \  phoric  oxide  which  fioatj*  in  the   residual   gas,  the 

^      ^1  nitrogen  may  be  transferred  into  another  vessel,  and 

y    ^  li         its  propertifs  examined. 
]j~  ^-^  'I  Prepared  by  the  foregoing  process,  nitrogen  is  r*m- 

',^  <    'I         tauiiuated  with  a  little  vapor  of  phosphorus,  which 
^^y    |1         communicates  its  peeuliar  odor.    A  preferable  metliod 
_^gB|^^         is  to  fill  a  porcelain  tnl>e  with  turnings  of  ooppcr,  or, 
^  ^^^9fl^^^^    still  better,  with   the  spon^'y  metal  obtained  by  re- 
^H^^^^^^^^^    during  the  oxide  with  liydmgen  ;   to  heat  this  tnhe 
^^^^B^BB^S    to  redness ;  nnd  then  pass  through  it  a  slow  st ream 
^^^SBB^B^^to    of  atmo«pherie  air,  the  oxygen  of  which  is  entirely 
reniovt*d,  during  its  progress,  by  the  heated  onpper. 
If  chlorine  gas  be  passeii  into  solution  of  Auimiinia,  the  latter  suliel 
which  is  a  componnd  of  nitrogen  with  hydrogen,  is  deoompostnl ;  the 
riutf  ouubinee  with  the  hydrogen,  and  the  nitrogen  la  set  free,  with  dSt 


•  I.  r.,  Oeneralor  of  nitre  i  also  ealled  i jofc,  from  a,  prtratlre,  aad  ^m,  life. 
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\c^.  In  titia  mAiuiar  Tory  pare  nitru^cncui  iMoliUinM.  In  mftkiMtf 
ezp«rinit4iit,  ii  is  nweae&ry  to  stop  shurt  tif  Hatorviiiig  nr  dfornniHMing 
the  wlioli-  of  the  atiuD'^nia  ;  nthrrwia<i  tbrre  will  Iw  gi>*»t  Hnk  of  ncoidcnt 
from  ihc  formation  of  an  oXLv^edingly  d&n^eruu.n  oxplueivr  compound,  pro- 
daccil  bj  tbt*  contact  uf  cUIuriiie  with  an  antiuuiijac/il  Halt. 

AnoUiar  xvry  easy  ami  pcrfviUv  dafe  tu<lh<.Ml  uf  ulilainii^'  piirti  uiiri»|;fn 
i*  to  deooDjxiie  a  *ulutiua  of  p<>UL»9iuai  nilrilu  with  amuunium  ctilorido 
(lal-ammoniac).  Tlitt  potftjbtium  uitt-itft  ih  prfparin]  hy  pastiinf;  thr  fv<l 
rapon  of  nltrona  acid,  obtained  hy  beatiiix  dilute  nitric  aijd  with  atarch, 
into  a  solution  of  cauittic  i^jtiuh.  On  tioiliiig  the  resulting  solutirin  wHh 
lal-ammoniac,  nitrogen  g&ii  iii  fvolvod,  while  potassium  chloridu  rctualJii 
ia  aolutioa.     The  reacliuu  u  represeuted  by  the  m|uatiuu. 


I 


KNO,      -f       Nll.a 

FoUtBiuia  Ammoniui 

nlirii*.  ehloriUc. 


}'ot^■•lulD         Wat«r.  ]fllro«;es 

eliloriilf.  g»k< 


Nitroj;vu  ia  dratitut*!  of  uulor.  taste,  and  odor ;  It  is  a  little  li);]it«<r  Uiaa 
air.  ita  driiiity  U<ing  0.97:2.  A  litre  of  the  gaa  at  Oi^C.  and  7'jO  auu.  \mr*t- 
Vietric  preMuro  wei^hB  l.:UiJ6b  grim.  100  cubie  inchra.  at  1^.6^' C.  (U/3 
¥.)  and  30  inches  barometer,  weigh  30.14  groina.  Nitrogen  ia  incapabU«jf 
ftuataining  combustion  of  animal   lifr,  althuugh,  like   hydro^fn.  ft  lia»  iu$ 

•  poaitJrH  iMiiBonotu  propertii«i ;  neillier  is  it  »olubte  to  an.v  uotabli*  rxt^'nt 
in  water  or  cau:tLia  alkali,  ii  ib,  lu  fact,  beat  cbara«:terixed  hy  negative 
propertiei.* 

Atmoapherlo  Air.'— The  exact  oompoaition  of  tbe  atmosphere  haa  r«- 

peat<Mlljr  been  made  the  subji*ct  of  experimental  refl«?aroh.  Beaidea  uLtt«>- 
g^n  and  oxyj^un,  the  air  contains  a  little  carlMm  dioxide  (carlx^nir  arid>,  * 

twtsry  variable  proportion  of  a'lueous  vapor,  a  Irate  *>f  amin 
baps,  a  little  carburett*.Mi  hydrogen.      The  ox/gen  and  u: 
itate  of  mixture,  not  uf  comhiiiatlun,  yni   their   ratio  is   ui. 
Air  has   lienn  brought  from   lofty  Alpine  beightfl,  and  ooujj-."    •    v 
f^>u  the  plains  of  Egypt ;  it  has  been  brought  from  on  el'-< 
fcet  by  the  aid  of  a  balloon  ;  it  haa  been  ooUecleil  and  eicaji. 
and   Paha,  and  many  other  places;  still,  the  proportion  •■ 
aitrogmi  rtiiaains   unaltered,  the  difusive  energy  of  the  ^'a. - 
qoate  to  maintain  thia  perfect  uniformity  of  mixture.     Th*-  >  >h 
an  Ihoooutr&ry.  being  much  iiilluenuud.  by  I'^*al  causes,  vnri*  -  •  ■;>   . 
In  tbe  following  taliiu  the  prn]>orttona  of  oxygrn  and  tiitr<>^<  t    .h 
ih«  aathorily  of  [>umaa,  and  the  carbon  dioxide  on  that  u[  I)*.  ^-^ 
th«  ammonia,  the  discovery  of  whioh  in  atntospherio  air  b  diu*  w 
am&ll  in  quantity  for  direct  eatimaliun. 

Compontitm  of  M«  Atmotphtre. 

Hy  wpiffhi. 

Nitrngon          ....       77  parts. 
Oxygon 23     ** 

m  dioxide,  from  3.7  measures  to  G.2m«aAnr«la 
Aqumua  vnpor  variable,  depending  much  n|)on  th* 
Ammonia,  a  trace. 

•  On  the  rerrlpt  hj  th*  French  AenAe-mf  of  thf  fnt*-!}. 
of '>KV4*'D  "y  >t.   PlotM   (p.  Va),  II  WJiH   nitnniM 
th«  •*a»e  retult,  mul  not  only  with  nxyceti  bir 
gen  dioviilr,  ultrn^fn,  nnil  hydroicea.     Nltro^'r 
pipe  (preiture  'JOO  at.)  ni  little  drops,  but  hydrut;!.-: 
elou't,— H  aiiccoii  Dut  equnt  to  the  ponUfDistlon  o: 
moooftide. — R  B. 
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Dr.  Franklaud  lias  analyzfd  namplos  of  air  takon  hy  hita»v\(  {n  tbo 
vallcj  of  L'hfLinnuni,  on  tlii<  r^nminitof  Mont  BUnc,  ami  at  tha  liraiidd 
Mulvls.     The  foUuwlug  are  tUc  rvHulUs  uf  hiii  «iialyti*)S  : — 

Carbon  Dioxide.  Ox7K*ik 

Chamouni  (3000  fwt)  .        ,        .    O.OtW  au.tfD-4 

Orandjillulets  (ll,lHX)fefit)  .     0.111  20.802 

Hont  Blauti  (1&,732  feet)       .        .     0.061  20.963 


Id 

I 


Fig,  104. 


A  litre  of  pure  and  dry  air  at  OOC.  and  760  nun.  preBsoro  weighs 
1.2D3tifi  grams.  lUO  cubic  iuclna  at  Ift.fto  C.  (60O  F.)  and  30  inches  hat-om. 
weigh  30.035  graiuH  :  Ul'Ucm  a  uubiu  foot  wuigUs  536.96  grains,  which  ia 
j\j  of  the  w**ight  of  a  cubic  foot  of  water  at  tho  same  terajwrAture. 

The  Minl.vsid  of  air  ia  very  w»?U  tsifcetfld  by  passing  It  ovur  liiu'Iy  dividwi 
coppvr  uojilaiutfd  iu  a  tubo  of  liard  glaas,  carefully  weighivi  and  thou 
heat«d  to  ftMlnesa :  the  nitrogen  is  eufiVred  to  tlow  into  an  (.'xliauiittHl 
glass  glob«,  also  provinuKly  weighed.  The  inerooiie  in 
weight  of  the  copper  afti-r  the  expt-rinirnt  gives  the  amount 
uf  oxygen,  and  Ihu  inureaue  in  weight  of  thi^  exbauesled 
glolw  givt»  the  nitrogen.  ^H 

An  eaKier  bnt  le-SH  accurate  method  consists  in  introim 
ducing  into  a  gratlaatml  tnb^,  standing  over  water,  »*^ 
known  qti.intity  of  tlio  air  to  beexuniiiiixl,  aijil  tlirn  patis- 
ing  into  the  latter  a  sti^k  of  phosphorus  alfixttl  to  the 
iMid  of  a  wire.  The  wholt*  in  left  about  twenty-four  hours, 
during  which  th*»  oxygon  is  slowly  but  complntitly  ab- 
BorK-d,  nftor  which  the  phosphorus  is  withdrawn,  and 
Uie  rosidual  gas  riMil  ofT. 

Liebig  proprtiti'd  tho  uho  of  an  alkaline  solntion  of  pyro- 
g.'iJlio  acid  (a  substance  whioh  will  he  described  in  the 
departuioat  of  organic  clioioistry)  for  the  atisorption  of 
oxygon.  The  absorptive  power  of  such  a  solution,  whioh 
turns  deep  black  on  coming  in  contact  with  the  oxygen, 
is  very  uon»idorablo.  Lio big's  inetlioil  oombiniw  grc<at 
acouraey  with  unusual  rapidity  and  facility  of  execution. 
Another  plan  is  to  mix  the  air  with  hydrogen  and  pass  an  electric  spark 

through  the  mixture :  after  explosion 
^^L  ^^'  ^^'  ^^^  Tolumu  of  gas  is  read  off  and  uxim- 

^^H  ■  pared  with  that  of  the  air  employed. 

^^^^^^      I  Siuoe  the  analysis  of  gaseous  bodies  liy 

^^^^^B      I  exploHion  is  an  operation  of  great  iro- 

^^^^^1      I  portance,  it  may  be  worth  while   to 

^^^^^B  ^^L^  dtficribe  the  prooess  in  detail,  as  it  is 

^^^^^V  ^^^^^^^  applicable,  with  certain  obvious  varia- 

^^^^^^        I     ^^^feb  lions,  to  a  number  of  analogous  cases. 

^^^^  I  I  Instruments    for   this    purpose    aro 

^^^^^      1^  I  oaUud  tiudiometerg.    The  simplest, 

^^^^^H      m%L  I  and,  on  the  whole,  tlie  most  convenient, 

^^^^^P      I  V|l        I  oonsistA  of  a  straight  gratluated  glass 

^^r    '         V    l\.    I  '"^  ^^^'  ^^^^^  closed   at  the  top,  and 

^^P      B^    1;    l|^    If  ^B*  having  platinum  wires   inserted  near 

^^        ^^•'-    Ilk  ^^  the  dostKl  end,  to  give  passage  to  au 

electric  spark.  This  tube  is  filled  with 
meroiiry,  and  Inverted  in  a  mercurial 
pnoiimatio  trough. 

For  the  analysis  of  air,  a  quantUjj 
saffioient  to  till  about  onH-sixlb  of 
lutw  is  introiiuoed,  and  its  volume 
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b^  n»dsMk^  off  with  «  telescope  the  ntimbpr  of  t)it* 
tlM  toliB  to  vkJch  the  mercury  rt^kobes,  wbiUt  the  heif^hl  uf 
tlha  Oil— M.  «f  wmamarj  i»  ihm  tabe  Alore  ihe  irou^li,  togettn^r  with  that 
of  Um  iMToaelM*,  aad  tk«  t^apeniturv  of  th»  Air,  ilti'  also  rvail  off.  A 
qoftntttT  of  pQjv  hjrdrogoa  gas  ii  now  aa4«d,  mor^  than  Auffit'{«*nt  to  iinito 
TiSh  all  the  oxjpta  ptv«eat  (about  half  the  vulume  of  tht?  air);  and  the 
Tolttflwof  tlM  ga«  azM)  the  preasorv  exerted  upon  it,  arc  dctoruiiue*!  aa 
faaAvBfe  Am  tileecrie  apark  in  now  poaed  thnuigh  tht<  mixture,  cArt*  being 
takoa  Ift  pawwtaMi  woj  epoape,  bjr  preodnp  the  open  md  <.>f  the  iMntioinetHr 
^aiavt  a  piece ef  aheat  caoatchoao  ander  the  mercury  in  the  tr<iu);li. 
After  the  txplosioci,  the  TolBine  is  apdn  det^nniiu'd,  and  is  found  to  lie 
lev  thaa  that  before  the  exploeion.  The  rolumt?  of  ^as  rctad  off  must  in 
each  case  be  redaepd  to  ataadard  praasure  aiid  ittniporature  by  the  tuethod 
aIr»**jF  pTrn  (p.  49). 

Now,  sincv  the  hydrogen  la  in  exceas.  and  3  roltimf*  of  that  gaa  unite 
vith  1  Tolome  of  oxygen  to  fbrm  wat<;r,  one-thinl  of  the  diminntion  rouat 
b^  the  rolume  of  the  oxygen  eontained  in  the  air  inlruduced.  An  example 
iriU  rvsodet  thia  dear : — 

Ail  introduced 100  meainree. 

Air  and  hydrogen 160 

Volooe  after  exploaion  ....       97 

Diminntion tf3 

63 

—^  21  ^  oxygen  in  the  100  meuuref. 
3 


Con^mmdM  of  Xitro^fn  and  Orygm, 

There  are  five  distinct  oompoonds  of  nitrogen  and  oxygen,  tbos  named 
and  oonatituted  .•^ 

Compoiitlon. 


By  weiifht-  By  toIuuh-. 

Formula.    Nltro^a.  Oxyyen.    Nltro|fe&.  OKyscn. 

UoDOxido N  ,0                 28  1  ti  2  1 

Dioxide N,0,orNO     28  32  2  2 

Trioxide.  or  Nitroos  oxide     N,0,                29  48  2  3 

Tekroxide N^O^orNO,    28  64  2  4 

?«ntoxide,  or  Mtrie  oxide     N,Oj                28  tiO  2  6 

A  compariiton  of  these  numbers  will  show  that  the  qnantities  of  oxygen 
which  antte  with  a  given  quantity  of  nitrogen  are  to  ono  another  in  the 
ratio  of  the  numbers  1,  2,  3,  4,  5, 

The  fintt.  third,  and  fifth  of  the  ooroponnds  in  the  table  are  capable  of 
taking  up  the  elumente  of  water  and  of  nietalUo  oxides  to  form  aalte  (p. 
125} f  cAlled  respectively  hyponitrites,  n  itrltes,  and  nitrateit ,  the 
hydrogen  salts  being  also  cAlled  hyponitrous,  nitrons,  and  nitric 
acid. 

The  composition  of  theae  acids  and  of  their  potasainm  salts  is  repre- 
•enied  by  tlxe  following  furmoUe  :-^ 
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Hydrogwn  liyponitrite,  or  HTponiirous  acid 
Potassium  hypuuitrite        .         .         .         . 

Hydrogen  nitrite,  or  Nitrous  acid        • 
FoUusium  nitrite 

Hydrogen  nitrate,  or  Nitrio  aold  . 
Potassium  nitrate        .         .         .         .         . 


H,O.N,0  OP  HNO 
t^O.NjO  orKNO 

H,O.N,0,  or  UNO, 
KjO.N/),  or  KNO, 

H,O.N,Ojor  HNO, 
KjO.NjOj  OP  KNO, 


N 
k 


The  diuxido  and  totroxide  of  nitrogen  do  not  form  salts. 

It  will  be  convenient  to  commence  the  description  of  those  componnt 
with  the  lattt  un  tho  liut,  viz.,  tlie  j>uiitoxidu,  as  its  salts,  the  nitrates, 
the  sourci4  from  which  oil  the  other  compounds  in  the  scries  are  obtain* 

Nitrogen  Pentoxlde,  or  Nitric  Oxide,  NjOj  (also  called  ^sAyiAtMu 
Nitric  AmJ,  or  Sitnc  AtJii/iiritif). —  i'his  cuinpijuud  was  diecorcrod  in  1849 
by  DeviUe,  who  ubUuued  it  by  exposing  stiver  nitrate  to  the  action  of 
clilorino  gas.  Chlorine  and  silver  tht*n  ronihtm),  forming  atlvpr  ebloridi^, 
which  rcmaina  in  the  apparatus^  while  oxygen  and  nitrogen  pcntoxida^i 
separate :  mM 

Ag,0 .  N.Oj  H-  CI,  =  2Aga  +  0  -h  NA.  ^ 

It  may  also  b©  prepared  by  slowly  distilling  pure  and  highly  concentrated 
nitric  acid  at  a  blood-heat  with  phosphoric  oxide,  a  substance  whiih  haff^n 
a  Tory  powerful  attraction  for  water.     The  distillate  oonsislB  of  two  layerS^^ 
of  liquid,  tlie  upper  of  which  is  nitrogen  p<*ntoxld«  mixiKi  with  nitrous 
and  nitric  acids  ;  and  on  separating  tbis.ujiprr  layrr,  and  cooling  it  with 
ice  or  a  freezing  mixture,  the  pentoxidu  separata's  in  crystals. 

Nitrogen  pt^intoxide  is  a  colorlcAS  aubstauce,  crystallizing  in  six-sided 
prisma,   which  melt  at  30O  C.  (6tP  P.).  and  boil  between  450  and  SQO  , 
C  (llljo-12:^-^  K.),  when  they  begin  to  decompose.     Its  spednc  gravity  ii^l 
the  solid  Alatt^  is  above  l.tr4;   in  the  liquid  state  below  l.ti36.     Nitrogen] 
]>tintuxide  sometimes  explodes  B|x)ntaneouBly.     It  dissulvus  in  water  wil 
great  risw  of   temperature,  forming  hydrogen  nitrate  or   uitrio   acid.     11 
also  uniti'S  with  a  smalU'r  pro|>ortiou  of  wati>r,  forming   the  hprnihyiin 
2N,0j.H./),  which  eunstitutes  thu  chief  part  nf  the  lower  layer  of  the  di»-.j 
tillate  ohtaiatid  in  thu  manner  just  dest-rilx^d.     It  is  lii^uid  at  ordin: 
temperatures,  but  urystalliaes  in  a  freezing  mixture. 

NiTBATBit — NiTKic  Acid. — In  certain  parts  of  India,  and  in  other  hotdtyj 
olinuUea  where  rain  is  rare,  the  surface  of  the  soil  is  occasionally  covercJQ 
by  a  saline  efflorescence,  like  that  sometimes  ajtparent  on  nt'wly  plaster* 
walls;  this  subsUince  coUectisl,  dissolved  in  hot  water,  and  crystaUised 
from  the  Altered  solution,  furuishi.'S  the  highly  important  salt  known  inii 
eommeroo  as  nitre  or  sAlt|>etre,  and  consisting  nf  |)otassium  nitrAte.     To.'. 
obtain  nitric  aoid,  equal  weights  of  jwwdered  nitre  and  strong  bulphurio  j 
acid  are  inlr(Kluc«d  into  a  glass  retort,  and  heat  is  applii-d  by  means  of  a 
gtts-l&iup  or  chATCoal  chaull'er.     A  fla.sk,  cooled  by  a  wet  cloth,  is  adapted 
to  the  retort  to  serve  for  a  reooirer.     No  luting  nf  any  kind  must  be  used. 

As  the  distillation  advances,  the  red  fumes  which  first  arine  disappear, 
but  towards  tlie  end  of  the  process  they  A^oin  bewme  mauifoat.  When 
this  happens,  and  very  little  liquid  passea  over,  while  the  greater  part  of 
the  saline  matter  of  the  retnrt  is  in  a  state  of  trampiil  fusion,  the  opera- 
tion may  he  stopped  ;  and  when  the  retnrt  is  quite  cold,  water  may  be 
introduced  to  dissolve  out  the  saline  residue.  The  reaction  conni-ts  in  an 
intercliange  l»etwwn  tlie  p<Uaa«lum  of  the  nitre  and  half  the  hydrogen  of 
the  sulphuric  acid  (hydrogen  snlpbale),  whereby  there  are  foniiod  hydro-j 
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£ PD  iiitrfttd  which  dietila  orer,  and  hydrogen  And  potusitun  sutpliato  which 
reiBAiiui  in  the  retort. 

Pot&atluiD  Uyarofea  UjUrogen  Hydrogen  &nd 

nitrate.  ■alphKte,  nitrate.  poUatlura  tulphata. 

In  the  manafnctare  of  nitric  &cid  on  the  lar^<*  RCAle.  the  gloss  r«tort  is 
replaced  by  a  cjut-irun  cyliutler,  aud  thi>  riH.-c*ivfr  l>/  a  M**riu«  of  e&rtheu 
Oi>ad4:^nsiiig  vesscU  ixinn<>ctiil  by  tubeii.  Sodium  nitratv,  found  nalivv  in 
Pttru,  ba  now  generally  ttatvitituted  lor  potaaniuiu  nitrate.''. 

Nitric  acid  thus  obtained  has  ft  Bpecillo  gravity  uf  fram  1.5  to  1.S2;  It 
hoA  a  golden-ytdlow  color,  due  to  nitrogen  triuxide,  or  t«>traxide,  which  u 
htdd  ill  solution,  and,  when  the  aoid  itt  dilutwi  with  water,  ^vos  rtai*  by 
it5  di-o^inpfwition  to  a  disengagoinent  of  nitrogen  dioxide.  >'itric  acid  la 
exceedingly  ourro^ii'v,  staining  the  skiji  de^-p  yellow,  and  eniuiiig  total 
duoTi^aniaalion.  Pourtnl  upon  red-hot  }x>wderud  charcoal,  it  causes  bril- 
liant dombuslion  ;  aud  when  oddivl  tu  warm  oil  uf  turpeultuut  acUi  upon 
that  anbstanoe  ao  eniTf^etir^lly  aa  to  iwt  it  on  firv. 

Pure  nitrio  acid,  in  ilji  motit  concentrated  form,  is  obtatncyl  by  mixing 
tb«  abuvo  with  about  an  equal  quantity  of  ittnmg  Hulpburiu  ncid,  rtnliiitiU 
ling,  collecting  apart  the  firRt  jxirtion  wliirh  r4iiuei4  over,  and  (exposing  it, 
in  a  veasol  slightly  warmed  and  sheltertsl  from  tlie  light,  to  a  current  of 
dry  air  made  to  bubble  through  it,  which  oorapletcly  remove*  the  nitroua 
acid.  Id  thi^  slate  the  product  is  aa  colorless  as  water;  it  has  the  sp.  gr. 
1.517  at  15. fP  C.  (tiOO  F.).  lioils  at  84.DO  (iS40  F.),  and  consists  of  54 
parts  nitrogen  pentoxido  amt  9  partH  wat*^r.  Although  nitric  acid  in  a 
moro  dilute  form  acta  very  violently  upon  many  metaU,  aud  upon  organic 
sofaatanooa  generally,  thiM  is  not  the  cas«)  with  the  most  concentrated  acid  ; 
aToo  At  a  boiling  heat,  it  refnaea  to  attack  iron  or  tin  :  and  ita  mode  of 
action  on  lignln,  starch,  and  similar  aulwlanoes,  Is  quite  peculiar,  aiui  very 
much  leas  energetic  than  that  of  an  acid  containing  more  water. 

On  boiliug  nitric  acid  of  different  degrees  of  ctinceutration,  at  the  ordinary 
alm>f9ph>-Tio  pre-ssuTi',  a  re#ii]ue  is  left,  Iiuding  at  120.r.oC.  (IMS.DO  F.) 
onii  'ZM  iuohed  barometer,  aud  having  the  Bp.  gr.  1.414  at  iri.r)^  C.  Thia 
acid  was  formerly  suppoweil  tu  be  a  di?ilnita  compound  uf  nitric  acid  with 
water;  but  Roneoe  has  njcently  provad  this  aaaumption  to  WMUcorreet, 
tha  corapojition  of  the  acid  varying  according  to  the  pressure  under  which 
the  liquid  bi)iU. 

The  nitratuti  form  a  very  extensive  and  important  group  of  BoIts,  which 
are  reiiinrk%ble  for  t>eing  all  Holuble  in  water.  Hydrogen  uitrnte  is  of  great 
use  in  thi'  lalMtraU>ry,  and  in  many  branched  (»f  industry. 

Thu  m  id  prejt.irud  in  the  way  dtwcribcd  'la  apt  to  contain  traces  of  chlc^- 
rine  froiu  eonun'in  salt  in  the  nitre,  and  soiuotimes  of  sulphate  fW>m  ocoi- 
dental  Bplxshing  of  tlie  pasty  moM  in  the  retort.  To  di^oover  tliene  impu- 
rities, a  portion  U  diluted  with  four  or  five  timea  its  bulk  of  diHtiUe<t  water, 
wid  diridtHi  IxHween  two  glasHes.  Solution  of  silver  nitrate  is  dropped  into 
the  one,  and  wjlutiou  of  barium  nitrate  into  tlteotlier  ;  if  no  change  euiiae 
in  either  cjLHe,  the  acid  is  free  from  the  iuipnrilii«  mentioned. 

Nitrio  add  has  b*'en  fonne<l  in  Binall  quantity,  by  parsing  a  Berios  of 
electric  sparks  through  a  jmrtiou  of  air  in  amtaot  with  water  or  nn  olkalino 
solution.  The  amount  of  acid  so  fonatMl  after  many  houm  \s  very  minuto  ; 
■till  it  is  not  impossible  that  powerful  dischargeH  of  atmospheric  ebnttricily 
may  sometimes  occuition  a  trilling  production  of  nitric  acid  in   the  air.     A 

Eainute  qnantity  of  nitric  acid  is  produced  by  the  combiiation  of  hy- 
i  and  other  substances  in  the  atmoepherv  ;   it  is  also  formed  by  the 
ion  of  anmionia. 
io  acid  is  nut  ho  easily  detected  in  solution  in  small  quantities  aa  tuany 
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olhor  aolrlfi.  Owing  to  the  solnbility  of  all  its  componmU,  no  prfcipitt 
can  he  found  Tor  this  acid.  A  good  mode  of  t«flting  it  is  btuBed  uix>n 
•pnvft^T  of  hlcaohing  a  solution  uf  indigo  in  sulphuric  add  when  tKukil 
wilh  that  liquid.  The  nUiencv  of  chloriuo  must  \jv  insured  in  this  expfri- 
ment  Uf  m*itLi\s  whioh  will  here&ftisr  bo  deaoribtMl ;  otherwise  the  ruauJt  is 
equlvorat. 

The  b»i»t  method  for  tho  detection  of  nitric  acid  ia  tho  following  :  Tho 
aulistam-c  to  U;  examiued  Ia  boiled  with  a  suinll  qaautity  of  water,  and 
thv  Hululioit  cautiously'  uiixl-J  with  on  mjual  volume  of  couc«ntrattHl  sul- 
phuric ai^id  ;  tliM  liiinii]  in  then  allowed  to  tx>oI,  and  a  strong  ttolution  of 
ferrous  utilpUatc  carofully  p«)iirwj  u^Mjn  it,  so  as  to  fonu  a  separate  layer. 
If  lary«i  tjuantittcs  uf  nitric  atnd  are  present,  tho  flurfac*^  of  contact  first, 
and  then  the  wholo  of  the  liquid^  becomes  black.  If  but  small  quantities 
of  nitric  acid  are  present,  the  liquid  be-comijs  reddish-brown  or  purple.  The 
ft'rronii  Hnlphat«  rediK^^s  thi?  nitrie  acid  to  nitrogirn  dioxide,  whioh,  dis- 
Boh'iug  in  the  solution  of  furruint  salphate,  imparts  to  it  a  dark  color. 

Nitrogen    Monoxide,    N,0   (sometimes    called   Nitrous   Oxide;    also 
Ijuuijhmtj  Utm), — When  aolid  ammonium  nitrate  is  heated  in  a  retort  or 
flfwk*  (fig.  10*1),  furnished  with  a  perforat<td  cork 
and  bent  tul)*^,  it  iti  rt^olved  into  watur  and  nttro- 
gon  monoxide,  Mi,N(>,  =  2H,0-l-  N3O. 

No  particular  precaution  i«  required  In  the 
0[H-ratinn,  save  due  regulation  of  the  heat,  and 
the  avoidance  of  tumiiltutius  diseugagemont  of 
tho  ga». 

Nitrogen  monoxldo  is  a  colorless,  transparent, 
and  nlmnst  intHlurous  gas,  of  distinctly  swe>et  taste. 
Its  specific  gravity  is  1.525  ;  a  litre  of  it  weighs 
1.97172  gram  ;  ioo  cubic  inches  weigh  47.29 
grains.  It  supports  the  combustion  of  a  taper  or 
a  pioc«  of  phoHpliortis  with  almost  as  ninch  energy 
as  pure  oxygon:  It  is  easily  distinguished,  how- 
ever, from  that  gas  by  iU  solubility  in  cold  w.iter, 
whiofa  dissolves  nearly  its  own  volume:  hence  it 
ii  noceeaary  to  use  tepid  water  in  tho  pnoumatio 
trough  or  gas-holder,  otherwise  great  loss  of  gas 
will  ensue. 

Oo^tc'ous  nitrogen  monoxide  mixed  with  an  i*qnal 
volume  of  hydrogen,  and  lirt>d  by  the  electric  Hpark 
in  the  eudiometre,  explodes  with  violence,  and  liW-rates  its  own  measure 
of  nitrogen.  Kvcry  two  volumes  of  the  gas  must  consequently  contain 
two  volumes  of  nitrogen  and  one  volume  of  oxygen,  Uio  whole  condensed 
or  oontracted  one-third— a  onnstilution  rt^scmbling  that  of  vapor  of  wat»r. 
The  most  remarkable  property  of  this  gas  Is  it«  Intoxicating  power  upon 
the  animal  .^tysl.im.  if  quite  pure,  or  merely  mixed  wilh  atmospheric  air, 
it  may  be  respirtfl  for  a  flh«>rt  lime  without  danger  or  inconvenience.  The 
elTect  is  very  transient,  and  is  not  followed  by  depression.  The  gas  is  now 
much  used  as  an  amEKthetin  in  dentil  surgery. 

Nitrogen  mouoxido  has  been  liquefied,  bat  with  dlffloulty ;  U  requireB, 
at  I.SP  C.  (450  f*.),  a  prcBstire  of  50  atmospberee :   the  liquid  wonoxido 

•  Florence  oll-flnakfl.  widrh  msy  be  purrhninl  r*  »  very  trifltoi'  mim,  finnRt)tiiti> 
exceeiiln-ly  ufcful  vesacia  for  elieoilonl  purposen,  and  oftcu  (tUfHTseUe  retorl"*  or 
other  expcQiive  iippiritus.  They  nrc  remlerrd  ittll  more  vnlunttic  by  cuttinp  tho 
neck  •roootblr  rouu>]  wlttt  'k  hot  Irnn,  nortenlnt:  It  in  tlie  flAmc  of  it  gnm]  Areini) 

KB-lamp^>r  BunKcn  burii<*r,  nnd  ttieu  turnlag  over  tlie  eilirc  lo  na  to  form  ti  Up  or 
rdvr.    The  sack  will  itaen  bear  a  Ughtly-fittlnc  cork  without  risk  of  spUttlng. 
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hu  a  Ypeciflo  pnrit^  of  0.0004 ;  it  ib  not  mbciblc  with  water.     FftriuU/ 

^jDlidifl*^<  '•  f'^-  '  VI,.  -,n.r  )t  in  >  «.v'ilod  tube  to  the  «tKI  produced  by  a  mix- 

ol  .••T,  but  111*  ftiiji|HiHt<4l  lliul  U  roulil  not  bo 

•  v  il«  uwu  e«n)H»rat4oii.     Titie,  Uowrvt  r, 

be  c-iiiM:U^    tl    Utv  vvtfptMtttion   be  aocW«'Mtiil    by  a  dtruug  vurrcnl  of 

A  wty  flue  ttrvi  tubv  15  dirt.t:ltii  iuto  llur  axis  of  a  ibin  brnaa  cone, 

ig  a  Hiiiall  n|H*nin^,  Atiout  ihu  i-ighth  of  An  iju'h,  at  its  a|M>x.     Ou 

linx  a  ■trrmm  vf  the  liquid  to  issue  from  thi*  jrt,  it  i*  r^Hftiiuxl  in  Ihci 

:;t.  and  tlii-ii  fuidhly  blown  out  at  ibo  npt-x,  togHbi  r  with 

It  '  nir.     Tbr  bolid  Im  iu   this  way  furniwl  in  »oini-  (luantily, 

lai  ...-'.'tvi   in  A  dibh  Ui«cd  with  ljlt4-r-pn{M-r,  or  other  suitJiblti 

ul  uitrugon  uionoxido  i»  more  compJict  in  nppiiarnnci*  than  nolid 

■■■i,  and,  unlikt^  the  lattor,  it  in«ll»  and  boils,  if  ^'cnily  waiUH^d, 

^/e  ptuain;j:  into  tlie  f*asfouH  state :  bfocf*.  if  placed  in  conlact  with  Xht 

it  produo!A  a  painful  bli^tvr,  lik*!  a  burn.     Hhv  cuvlting  or  frvcxinj;^ 

int  nf  the*  uu^ntixid)!  in  — \'2a>''  P.  or  — Dli^  C,  and   itH   boiling   |ioiut 

•  F.  »»r  — 'M^  ('.     It    i«   thp   proximity  of  th«    bviling   ami   fr«^tting 

wliirh  roiHlcn  it  |>Mwiblo  to  frcvxo  tbo  liquid  by  oixuply  blowing  air 

il.» 

Htpositrop*   Acid,   N,O.H,0,  or   UNO. — Whpn   m   oolntinn    of  podluxn 
nilTBie,  Nn>'0|,  or  anuoouiam  nitrate,  Nil, .NO,,  is  trrated  with  Mxlium 
amalgam   (a  compound  of  sodium  and  nu*rrury),  the  nitrntc  gWi»  np  2 
olocna  of  oxygen  to  the  oodium,  and  is  reduced  to  hy]>onitritc,  NaNO.     <^n 
n>  '         ;J  thu  Fxceai  of  alkali  in   tlit<   liquid,  liy  niMin};   ac^'tir  acid   till 

t'  no  hinger  girea  a  brown  or  Mack  prct-ipitati'  (of  oilvrr  nvldc) 

^^^iL..  .....  i   nltrat«,  a  solution  of  s<M)iuui  liyjKinitritu  is  obtained,  which  is 

^^^Pcaline  to  t<vit-papt'r,  and  gives  with  silvrr  nitrate  a  yellow  ^ireeipitnte 
^^■^silviT  byponitritf,  A^'NO.  When  the  <>ri);inal  alkuline  liquid  is  Dcidi- 
^^Kd  witli  atxdie  acid,  and  heated,  thu  hy [Kinitri<uA  acid  is  rcKolved  into 
^Hyatcr  and  oitrogm  monoxide,  whieh  cseapcH  lu^  gas,  iUIKU^  HjO-|-  N^O.f 

HitTOKen  Dlojdde,  N,0,  or  NO  (itometimea  called  yitric  OritU), — 
Ptr-  .  r  itirningH  of  coppr-r  arc  put  into  the  appnratuit  cnip!oye<l   for 

J  -ydnijfen  (p.  IHU),  ti.{;etlM*r  with   n  little  water,  and  nitrio  arid 

1?    _  ,  .   Ihe  funnel  until   bri.sk  elTirrveneenL-*'  ia  excited.     The  gas  may 

hf  coltcctod  over  otdd  water,  aa  it  ia  not  senaibly  soluble. 

The  rraelion  is  a  nlmple  deoxldation  of  winiff  <»f  lh«  nitric  ocid  by  the 
fwpjwr  :  the  m»-U\X  is  oxidixi-d,  an<l  the  oxide  »o  formed  is  dissolvwl  by 
another  portion  "f  th«  aeid,  forming  eoppi-r  nttratr.  Nitric  aoid  is  very 
proue  to  ovt  thus  upon  certain  metnln  : — 

81INO,     +     Cu,     .     N,0,     +     3ru(NO.),     +     411,0. 
Kltrto  soM.  Copper  nilr»l«. 

The  pa^  nbtainerl  in  this  rammer  la  oolurless  and  trannparpnt  :  in  con- 
tact with  air  or  oxygon  gas  it  pnKluucs  de.-p  rwl  fumt^,  which  are  reo/lily 
al»orbed  by  water;  this  character  w  sufficient  to  distinguuth  tt  fr..m  all 
olht-r  gaseou*  IxKlies.  A  lighted  taper  plunged  into  tho  ga^  »»  ^-^Un- 
gai»b«d;  lighted  phosphnruH.  hmvever,  burns  in  it  with  prent    '"I'lnj^J'^'- 

The  speeine  gravitr  of  nilro^jen  dioxide  is  1.039  ;  a  litre  weiulm  l..MJ4^ 
gr-ims.  It  contains 'equal  measures  of  oxygen  and  nUrosen  gn-'^J*  un»i*«t 
without  condensation.  When  this  ga«t  >«  passed  into  the  «**'""*'"  J**  * 
ferrous  salt,  it  is  absorlK>d  in  larg«  quantity,  and  a  d«wp  brown,  or  iioany 

•  Wm«,  Chora.  80c.  Jouro  18T4,  p.  Jl-  _      „.  ,    t'h«ia.  Boe.  Joum 

t  mvrr»,  ProcewllDgii  of  the  feoyal  Society,  xix.  «2»  t  ^■•■"  ""^  •'«»»tfn., 
liiTl,  p  UL 
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blAck  liqaid  prodaoed,  which  seems  to  b«  m  definite  ooxopouiid  of  tl 
Kutttilunix-s  (p.  164).     Thu  compound  \e  dvcompofted  by  boiling. 

Nitrogen  Trloxlde,  or  Nitrous  Ojddo.  N,Oj.— \Vh«)n  four  myasni 
of  oilrogfu  dioxide  are  aiixcd  wilh  oih-  lut^nduru  of  oxygen,  aiid  the  goHt^s, 
perfwtljr  dry,  are  yxjiostxl  to  a  tvuiperature  of  —18*^,  they  cvudeutfe  to  a. 
thin  mobile  hlut*  liquid,  which  eiuitH  oroitge-rwl  vapors. 

Nitrogva  trioxide,  safficirntly  pure  for  most  pur]>*^<-*B>  '*  obtained  by 
pouring  coni-fntrati'd  nitrjr  arid  on  luuipe  of  ar^enious  acid,  and  gently 
wanning  the  mixture,  in  order  to  start  the  roaotion.  The  trioxide  is  then 
evnlvtMl  AH  on  orange-red  gas,  arsenic  acid  rem&Jning  behind. 

Nitrogen  trioxide  is  deoouipoMed  by  water,  t>i'iug  «mverted  into  nitric 
acid  and  nitrogen  dioxide:  SN^O,  +  H.O  =  2HN0, -f  2N./V  For  tluH 
rea8on  it  cannot  be  made  to  unite  directly  with  uiMallie  oxided  ;  pntosKium 
nitrite  may,  however,  be  prepared  by  fu»iug  ]N>tU)sium  nitrat<;,  whereby 
part  of  its  oxygen  is  driven  off;  and  many  other  salts  of  nitrous  at;id  mny 
be  olitaintHi  by  indirect  means.  Thn.s  a  solution  of  i>ota8Hium  or  sodium 
nitrite  may  be  prepareit  by  jKUiKJug  the  vajKtr  of  nitrogen  trioxide,  obtained 
as  alwve  by  hi^ating  nitrie-  juiid  with  arsenious  acid  (or  with  starch),  into 
a  solution  uf  eaustic  potash  or  soda. 

Nitrogen  Tetroxide,  N,0|  or  NO^  al<io  called  Nifric  Mroxir/f. — ^This  is 
the  principal  ixuistituent  of  the  deep  rod  fiuuee  always  produced  when 
nitrogen  dioxidtir  esrapes  into  the  air. 

It  may  Ur  ohtaitied  in  the  pure  state ; — 1.  By  exposing  a  mixture  of  2 
vols.  uitn>gen  dioxide  and  1  vol.  oxygen  int'oritorated  by  piissing  through 
a  tutie  tilled  with  liruken  |>orcelain,  and  thonjughly  dried  by  transmission 
over  pumice  soakt.'d  in  oil  of  vitriol  and  then  over  recently  fns<*d  stiek 
potash,  to  the  action  of  a  freezing  mixture  of  salt  and  ice:  the  tetroxide 
ctnideusf^  in  transparent  crystals,  or  If  the  slightest  trace  of  moisture  is 
present,  into  an  alniottt  eulurlesa  liquid.  2.  My  the  direet  eunibinatlon  of 
oxygen  with  the  trioxide,  as  when  a  stream  uf  oxygen  is  passed  into  the 
mixtnre  of  the  trioxide  and  other  oxides  of  nitrogen  evolved  by  the  action 
of  fuming  nitric  acid  on  arsenious  acid.  The  liquid  telmxide  thus  ob- 
tained is  pure  I'nough  for  most  purposes  after  one  distillation.  3.  By 
heating  thoiitughly  drirtl  lead  nitrate  in  a  r«t4>rt,  whereby  a  mixture  of 
tetmxide  and  oxygen  is  evolved,  the  former  of  which  may  be  (xmdensed  aa 
above,  while  the  latter  passes  ou  : — 

(NO,),  Pb=.  PbO  4-  O  4-  N,0.- 

The  first  portions  of  nitrogen  tetroxide  thus  obtained  do  not  soUdlfr,  donbt- 
los.-i  owing  to  the  pre«once  of  a  traeo  of  moisture,  but  if  the  reeWver  be 
ohangt^l  in  the  midst  of  the  operation,  and  if  every  care  has  b«'en  taken 
to  avoid  moisture,  the  later  portions  may  1m^  oblalnod  in  the  crjrstallina 
form. 

Nitrogen  tetroxide  at  very  low  temp*'ratures  forma  transpftront,  oolnrleas, 
prismatiu  erystals  wliieb  melt  at  — 90  p.,  but  when  once  melted  do  not 
resolidify  till  i-ooleil  down  to  —  ;j(iO,  Alxire  —  D"^  it  forms  a  mobile  Hqnid 
of  specific  gravity  1.4SI,  the  appearance  of  which  varies  greatly  acciirding 
to  the  temperature.  When  stU!  liquid  below  — 90,  it  is  almost  colorless  ; 
at  — &o  it  has  a  peroeptible  greenish-yellow  tint ;  at  0©  the  oolor  is  some- 
what more  marked  ;  at  10°  it  is  decidwUy  yellow  ;  and  at  ITiO  and  upwards, 
orange-yellow,  the  depth  of  oolor  inrrea^lng  progressively  with  tlio  tehi- 
perature  up  tn  22*^,  the  boiling  point  of  the  liquid.  The  vapor  has  a  brown- 
red  oolor,  the  depth  of  which  also  increases  with  the  teuiperaturf,  until  at 
4tP  it  is  so  dark  as  to  be  almo«t  opaque.    This  remarkable  change  of  ml 
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Bpanied  hj  »  great  diminaUao  of  ^xaaHy  am  thm  t«H|Hmaf«  rim, 
iT"*""*^^*  pointing  to  a  molecolar  chAn#«  p»al»cwl  in  tfa«  rapor  br 

of  the  TApor  b^  Ihuus*  method,  UKOg  ttiu<a|^  m  a  dHaaM  (p.  •£>,  aad 
lad  that  the  denaiti*  at  iliiiwiail  tfipwtfiUwia  are  aa  foUova  3 — 
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11^ 2.MA 
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tti  rapor  ia  afaaorbed  hj  stitmir  nitric  »cid«  vhich  thathf  aaftfrea  a  jti- 
\ow  or  red  lint,  pafij'ing  into  iprv<en,  then  into  bias,  and  aiieioard*  disap- 
pearing aJutg«>tl)cr  on  lh«  adilition  ot  aoeoe»ire  pertiMu  «#  wat^r-  Tbe 
d«cp  r«d  fuming  acid  oC  oenm&oc^  cailod  Mfrw  ttod^  ii  timfij  MWk  add 
imprqpiated  with  nitrogvn  tvtroaude. 

Nitrogen  tatroxide  ia  deeoapoaed  b^  water  at  rcrj  low 
sach  a  manner  as  to  jidd  nitric  and  nitrona  acwb,  N/'t  + 
HK(I, ;  lint  vhfn  add«d  (o  vxceaa  of  vat«r  at  ordinary 
7ii*Ms  nitric  ac-id.  and  the  proda<:ia  of  decooipaaitaaB  af 
nuuclr,  nJtric  «4.-id  and  nitrons  dioxide.  In  Uka  vannar,  vhaa  paaae4 
into  alkaltu«  solutions,  it  forms  a  nitrate'  and  «  nitrita  ti  the  alkali  metal ; 
but  it  hae  Ufen  aUo  BapjMM*!d  to  unite  dinaotlr,  oodcr  oertaw 
atancea,  with  metAlIir  oxid«^— lead  oxide,  for  i  ninpli  fciimlnn, 
er^tallin*  nlta.  and  has  henea  been  called  Aj/pomkne  oeirf.-  bat  it  ia  ■ 
probabla  that  thca«  «alt«  are  oompoands  of  nitratea  and  nitritaa :  •-  y^ 


u 

Mid« 


2<PbO.NA)    = 
Lead  bjpoiiltrftlc. 


Pb(NO,),    +     PbOO,), 
I«ead  Ditrate.        ImmA  altnte. 


Nitmgen  appears  to  combine,  under  favorable  cirmmManoes,  vitb 
When  irrai  if  beateti  to  redness  in  an  atoKisphere  <tf  ammonia,  H 
brittle  and  iT7-»taUine,  and  ihowv  an  increase  in  veightf  said  to  rary  fram 
6  to  12  pvr  t:^*ni. :  while.  A4xx>r<ling  to  othar  obaerrcn,  tha  phjaiaal  «lm- 
racten  of  the  mt^ul  ar«  chaufjfud  without  aenaible  altantion  of  waight. 
Bjr  heating  copf>«>r  in  ammonia,  no  compound  oC  oitmgea  with  nnpfsy  ia 
produced  ;  but  when  ammonia  is  paaaed  orer  eopper  oxkle  beatad  to : 
water  ia  formed,  and  a  soft  bnnm  powder  prodnoed,  whieh,  wksai 
farther,  erolTea  nitrngt^n,  and  leav'^  m*;lallic  ooppar.  Tboaaa 
prodnoed  bj  the  oonta<'t  of  strong  acidit.  A  similar  <wwinwiyd  of  Awmiwm 
with  nitrogen  appears  to  eziat. 
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When  powdered  Euil'Smmnniac  is  mixed  with  moist  raldom  hrdrale 
ced  lime),  and  gently  heat*>)  in  a  i^aas  flaak,  a  lar^e  quantity  nt 
lus  matter  i:>  di»eng'aj;;<?<l,  whirh  most  be  oollected  orer  loercnrjr.  or  bjr 
>1aoemtmt,  adTanlAE'*  S-inp  taken  nf  ita  low  specifir  praritj. 
Lmmonia  gas  tho*  obtAined  is  colorlcaa ;  it  has  a  stroojEr  ponj^ent  odor, 
and  poaseasea  in  an  trniinent  degree  thoae  propertiea  to  which  the  term 
idkaimt  ^  applied  ;  that  ia  to  saj,  it  tnma  the  yellow  oolor  of  tormeric  to 
brown,  that  i»f  reddened  Htmuj  to  blue,  and  eombinea  readily  wilb  aHds, 
nentralitin^  them  completelj ;  by  theae  reactions  it  is  easily  difttincoi«hed 
fmm  all  other  lodies  posiWAsing  the  same  physical  characters.  Tnder  a 
pTe-»(rire  of  <5.5  almospherea  at  15.5^  C.  (t>«0  P.),  ammonia  condenaaa  to 
the  liquid  form.  Water  dissolres  aboat  7<>rt  times  its  volume  of  this  gaa, 
forming  a  solution  which,  in  a  more  dilate  state,  baa  long  been  known 
14 
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tinder  the  name  of  iiffuor  amnonuT;  by  heat  a  great  part  is  again  oxpoUed, 
The  Aoliitiou  la  Ueootupuiietl  by  chlorine,  sal-amuioiuao  b«iu^  luruiL>i,  «ud 
nitrogen  set  freu. 

Aiuuiuuia  has  a  density  of  0.68t> ;  a  litr«  weighs  0. 76271  gram.  It  L-an 
not  U?  rorm<>d  by  thu  direct  union  of  ilA  ehfuitnittf,  although  it  Ih  .■ittint'tiiufsi 
prodacod  imdvrratUi'rrcmarkabh'L'ircumrttariCfH  by  ihedt^uxidniiuii  pfiiitriu 
acid.*  Tho  groat  «»iirc<m  ol'  niiunonia  are  thtf  feebly  i-oinpoundeii  a]u>lijcc<i 
prini^iph^  of  the  animal  and  vegotabli^  kiiigduiuu,  which,  whtrn  It'ft  to 
putrefartirt*  chttng(.%  or  subji-ctvd  tit  <b_wtructivL'  diHtillatiou,  almost  iui'uri- 
ably  givti  ri:«<!  to  an  abundant  production  of  thiii  »uWlanu4*. 

Th«t  analy.-iJM  of  aiuiuouia  gas  is  easily  eirectetl.  When  a  jMirtion  in  rnn- 
fined  in  a  grndiiftted  tul^*  over  mercury,  and  electric  Bpark.s  an-  jnu^.-^ed 
through  it  for  a  (H>niiiid*>rable  time,  lhi«  voUmiu  of  the  ga^  gradually  in- 
ertias'^ until  it  becoim-*8  doiibk<'d.  On  examination,  tbo  tiilx^  is  found  to 
oontain  a  mixture  of  3  moiusureti  of  hydrugen  gft8  and  1  moadurt*  of  nitro- 
gen. Kvery  two  volumes  of  the  ammonia,  therefore,  contained  three  vol- 
umes nf  hydrogen  and  one  of  nitn^gen,  the  whole  iM-ing  condenstsi  lo  oiu*- 
half.  Thu  weight  of  tho  two  ixjunuiueatB  la  in  tho  proportion  of  3  parts 
hydnjgen  to  14  part*  nitrogen. 

Ammonia  may  al;M>  he  duvompoeed  Into  its  elomonts  by  trautimiiiBion 
through  a  red-hot  tulw. 

Solution  of  auuiinnia  ia  A  very  valuable  reag«nt,  and  is  vniployed  in  a 
groat  number  of  uhemical  o{H*rationts,  for  some  of  which  it  is  necuMiary  to 
liave  it  perfoelly  pure.     The  Iwst  mwle  of  prfpur.tti'>n  in  the  tollowing  : — 

&|uat  weights  of  aal-aumoniao  (Nll/'l).  and  quickliuio  (Cal>),  are 
taken;  tht^  lime  is  slakod  in  a  covereci  Imsin,  and  the  &ult  redneeil  to 
powder.  TheiMf  a ro  mixed  and  introdun^l  into  a  Urge  Ilaxk  eonnerte<l  with 
a  wut>h-l>ottle  and  a  receiver  containing  water,  in  the  manner  which  will 
be  desicribiMl  in  coimertion  with  Iiyilrochloric  acid  (fig.  i'Z'2).  A  little 
water  iit  addtnl  to  the  mixture,  ju^t  euougU  lo  dampen  it  and  causo  U  lo 
aggregate  into  lumps.  C>n  cautinuiily  iip]]Iyiiig  heat  to  the  Uaitk.  ammonia 
is  di^i^n^aged  very  regularly  nnd  uniformly,  and  uondenHi'ft  in  the  wat4>r 
of  the  receis'er.  Calcium  chloride  (C'aC'lj),  with  uxceafi  of  calcium  hydrate 
(dlaked  lime),  remains  in  the  tla»k. 

Thu  dutiompotiition  of  the  salt  ia  represented  by  Iho  equation  : — 

2NII,C1  H-  CaO  «  2MIa -f  CaCl,  +  U,0. 

Solntion  of  ammonia  should  be  perfeetly  ctdorleas.  leave  no  resldne  on 
evaporation,  and  when  8upersaturnl**d  bv  nitric  ncid.  give  no  cloud  or 
mnddinefls  with  ailver  nitrate.  Ita  dmsi'ty  diminiflhes  with  ita  strength, 
that  of  the  most  concentrated  l>eing  about  0,81f>.  The  value  in  atknli  of 
any  sample  of  liquor  ammonife  is  most  safely  inferred,  not  fntm  a  knowl- 
edf^e  of  Its  density,  but  from  tho  quantity  of  acid  a  given  amount  will 
aaturat.-.  Tho  mode  of  conducting  thiu  experiment  will  bo  descritK*d  under 
AtJL'uiiifwtry. 

When  solution  of  ammonia  is  mixed  with  arida  of  rariona  kinds,  aalta 
are  generatMl,  which  resemble  in  th<»  m'»st  complete  manner  the  corre- 
sponding pota.s9ium  and  Roilium  wmponndii :  they  are  l>i'st  di<irusmHl  in 
connection  with  the  latter.  The  ammonia  salts  may  \w  regarded  either  aa 
direct  comjjoundH  of  nmfnonia,  NH,,  with  acids  (HCl,  for  example),  or  as 
resulting  from  the  replnct'ment  of  the  hydrogen  of  an  acid  by  the  group 
NH,,  called  fl»tm/»rn'MrN,  which  in  thin  aitnse  is  a  compound  metal,  chemici 
equivalent  to  potaHAium,  sodium,  silver,  etc.     Thus  :<^ 


^^     uodi 


•  K  mode  of  eonverMDff  the  nllrnirrn  of  the  ntmoRphere  in'o  nmmnnln,  hf 
■ucre««mn  of  ohemlcnl  oprrntloDi,  will  be  noticed  ID  cooBeetlon  with  Cyaoogi 
Uoder  Orfaald  Ubomiitry. 


iHM 


FflTROOBEr. 


159 


nitrau* 

Kuipluite 


(NH),.II^,    « 


Xn,.Cl  Ammoniau  cUIorido. 
CNll,),.SO,     '•  tulplialc. 


fnrmtilv  hi  tho  H(h>oik]  cvtinmn  ate  exactly  uuilogoua  to  UiOAc  of  the 

i«  A4}U*^>UA   flolutirtti   of   Miiiiiuiiia   ninv    Ite  sappos<4    to   ociii«iii    tliv 
tirate  of  ttmmonitifn  NU^.UU  ;   but  llilti  tiuiuptituiti  ia  not  known  in  thesolul 

Any  MunDnlMttl  salt  can  at  onoo  be  rMMgnixud  by  the  crrthiUon  of  aiu- 
lU  «rhjch  taken  pUca  wbeu  it  u  ]ioat«d  with  slakod  Lime,  or  iwluliuu 
I  or  soda. 

BTDBOXTLAHtKB,   NH^O. 

TnM  componnd,  intrrra<^liati>  in  composition  Uitwe«>n  ammonia  NHi,  and 
A  I  'it  hv'lrat**  NHf.liO,  in  forintMl   by  the  dirti-t  union  of  hyilri.»};i*n 

^  .11  diosidp  :   No-^  11,  E=  NlljO,  an<l  may  U-  pn'parwl  by  pAtutinfj 

1....  ^  ..  :i>ixide  lhrou;;h  a  dcrit's  of  llauks  in  which  hydrogen  ia  cvolvi^ 
by  hcr-atinf;  hydrochloric  acid  with  tin.  Tb«'  rcsiiUiu};  liquid  ia  fr»re*l  fnmi 
tin  by  hydrogfU  ttulpbido  ;  thu  lilt^TiMl  liquid  t'Vii|K«rali-<l  to  liryntVsA  ;  the 
rrnidui-*  wiwhed  with  eoM  atadiol,  aud  dig«'«ttH]  with  builing  ahxdml  ;  (ht* 
alrohidir  solution  mixr*d  witlt  plaliiiirtddnridr  to  procipitat**  ttal-nnmioniao, 
and  \hr  filu*rud  ali'oholii;  lii|tiid  mixiMi  with  ether,  which  thrown  down 
pare  hydrot'lLloridu  of  hydrnxylaininc. 

Ilyilroxylaraino  iit  alHo  furuirtl  by  Xha  action  of  hydrogen  (uvolvud  u 
aboro)  on  uitriu  acid  or  idhyl  nitralu : 


NO,II   +   till  =  2HjO  +  NIJjO. 


IF  tlydrnxjlamine  ia  a  r^ry  %-olatib*  atkI  racily  d«*tv>mposibIe  ha««>,  and  can 
he  obtatntsi  only  in  solution.     h«  »nU«  an'  diM.M.ini|HJHLHl   by  ]x)taHh,  with 
■Tiilutiouof  nitrogen  and   fonnation  of  amiiionia,  quiokly  in  conc«'iitratvd, 
■VJiflQiIly  in  dilnt«  solutions.     Solutions  of  hydroxy laniiue  may,  buwever, 
pp  obtain«*d  by  dooompufing  the  HaltM  in  other  wayit,  an  alcoholic  solution, 
prr  rxauiplf,  by  di^crtiuposing  tbn  nilratf  diMAolri^l  in  alrolinl  with  alt-ohnlio 
|K»CBslt.     Alkaline  c^rlvmntcH  al»o  Hi:paratt*  hydrnxylaniine,  with  evolution 
of  I'Oibon  ilioxidi'.     Th*.'  •toluliottit  havi*  an  alkalim:  ri>actiun,  and  preei)ii- 
ta.t*4  inany  ra>-'tallio  saltM  ;    with   the  Halts  of  lead,  iron,  nickel,  and  zinr, 
and  with  rhrnnic-atitm  and  common  alum,  they  form  prcMnpitates  iuHolublo 
in  excess  of  liydroxylamine.     With  ar|ueouM  euprir  itnlpbate,  hydroxyla- 
mine  forma  a  grafl^j-groen  precipitate,  which  when  boiled  with  water,  Ib 
uce<l,  with  t*volutitm  of  gas,  to  cuprous  oxMe  ;    an  ammoniaeal  coprio 
ntion  ia  decolorized  by  it.     Mercuric  chloride  ia  reduee^l  to  mercuroua 
loride,    and   if   th*^   hylroxylamine   in   in   excewt,    to  metallie  mercury. 
Irer  aolutioiw  yi^M  a  black   precipitate,  which  is  qnickly  ri-rfneed,  with 
ntution  of   gas,   to   uietallic  silver.      Ilydroxylaniine    also   reduw»   acid 
tattaium  cbrniuate.      In  many  of  these  rea<^lion»  the  hydroxylaniinu  ap- 
am  to  Ui  txrmpletely  decomiKjHiHl,  with  fonnation  of  nitrogen  or  iu  uion- 
ide. 

The  anlia  of  hydroxylamine  HtsYimpoae  when  heated,  with  copjona  and 

den  evolutinn  of  gas  ;  most    .f  them  easily  from  BUporaaturntcd  aoUi- 

\\A  ;    none  of  thone  yet  exnmine<l  contain  water  of  eryatallizatinn.     The 

roc/Jnriftr,  NH,O.HCI,  cryfltallues  from  al.'ohol  in  long  spiciilar  cry-itala 

bling  ur''a  ;  fnmi  water  in  large   irregulnr  ttix-^idefl  tables  ;    it  melta 

lOOO,  and  then  deeouiituseH,  with  %'ioleut  evolution  of  gas,  into  nitrogen, 

rochloric   acid,    water,    and   aal-animoniac.     The   nitrate,    NH,O.UNOp 

diGea  alowly  by  ajHintam'C'Ua  evai>oration   to  a  ra^)if>-eryata1tine,  very 

qnfisoent  mafls,  easily  soluble  tn  abeolate  alcohol,  dooom^ioeing  at  lOU. 
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Atomic  wcigbl,  12.    Symbol.  O. 

Tui8  substance  occurs  in  a  stato  of  pnrity,  and  urrstalUz^,  in  two  dis- 
tiiui  ftnd  wry  disainiilar  furni»- — naiU(>lv,  a^  diamond,  and  na  graphite  or 
]iluinLKi);o.  It  con»tituU^a  a  larfii*  prupurtiuu  uf  aU  organio  »Uuclur<w, 
animal  and  vegetable  :  when  these  latu<r  are  exposed  lu  di'Dtruciive  db^Lil- 
lation  in  close  vtwaeU,  a  great  part  uf  thviir  c»rLM.)u  ri^mainH,  ubetinately 
retiiiDing  «\)tnt*  of  the  hyilrogeii  and  <»xygen,  and  a:^:«'>ci.-itfd  with  the  eartliy 
and  alkuUm-  matter  uf  the  tinaue,  giving  rise  to  the  many  varirtit^^  uf  char- 
ccml,  coke,  etc.  This  residue,  when  pcrfeetly  separated  fi-uut  fuj-eigu  mat- 
ter, cx>u8litnle9  a  third  variety  of  uarhun. 

The  diamond  is  one  uf  tlie  moi^t  reuuirkalile  gulMtanciif  known  :  long 
prized  on  aeuonnt  of  itst  hrilUamy  as  an  ornamental  gem,  the  dinitovery  oi 
ilit  curious  chemical  nature  eonfers  upon  It  a  high  degree  of  scientific  interes 
8t*reral  localitiet^  in  India,  the  Island  of  ilorneo,  tM>uth  Africa,  ami  Brutily' 
furnish  this  iH-antiful  siibstunoe.  It  is  always  distinctly  crystalliuHl,  oft 
quite  transparent  and  ixdorle^s,  but  now  and  then  having  a  tthade  of  yeU 
Intr,  pink,  or  blue.  The  origin  and  true  geological  ptMition  of  th«  diamond 
arc  unknown  ;  it  ia  always  found  imbedded  in  gravel  and  tranitportod 
materials  whoso  history  cannot  ix'  trac^l.  The  crystalline  form  of  tho 
diamond  is  that  of  the  regnlar  octohi^rou  or  cuIk*,  or  somt*  ligure  geometri- 
cally uonnectcd  with  these.  Many  of  tho  octohedral  er,vstaln  exhibit  a 
very  ptH;filiar  appearaocu,  arising  from  tlie  faces  U«ing  curvetl  or  rounded, 
which  glv(«  to  the  crystol  an  almost  Hpherical  figure. 

The  diamond  is  infusible  and  unulterable  even  by  a  very  intense  heat, 
provided  air  Iw  exoludc^d  ;  but  when  heat«^<l,  thus  j»roti'cled,  l>etw«H'n  the 
pol«8  of  a  strong  galvanic  battery,  it  is  convertiKl  into  coko  or  graphite  ; 
IieateKl  to  whitenests  in  a  vtictsrl  of  uxygen,  it  burns  with  facility,  yielding 
Cftrbonio  acid  gas. 


Iff 

I 


Fig. lOT. 


The  diamond  id  tho  hardpnt  pribstance  known  :  it  admits  of  being  split 
or  cloven  without  difficulty  in  particular  dire^'tions,  )mt  can  only  lw»  ont  or 
abradefl  by  a  aeoond  portion  of  the  Hame  material :  the  powder  nihlM>d  off 
in  this  process  server  for  polishing  tlie  new  fao<Ma,  and  is  alfto  highly  useful 
lo  the  lapidary  and  s«al-i'nj:raver.     Oot*  very  curious  and  useful  applica- 
tinn  of  the  diamond  is  mailt^  by  tho  glazier:  a  fmfpwnt  of  this  mineral, 
Itkn  a  hit  of  Hint,  or  any  other  hard  Hubstanop,  scratches  tho  surface*  of  tho 
glass ;  a  trystat  of  diamond,  having  the  roundel  ocUjhedral  figure  sjxiken, 
uf,  belli  in  on«  particular  ]»r«ition  nn   the  ^'la.-is — namely,  with  an  e«lgi 
formed  by  the  meetinp  of  two  adj.icont  fac*-*  presenter)  to  the  Kirrfaci> — nn« 
then  drawn  alonL:  with  cenlle  prcKiinre.  causes  a  split  or  cut,  which  p<*n4 
tratcs  to  a  cnnsiderahle  depth  into  the  glass,  and  determines  its  fractui 
with  perfect  wrtalnty. 

Uraphitvi  or  plumbago  appeArs  to  uDiisiat  essentially  of  par«  corboi 
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IthoaKh  xacmi  ttpwlmens  contain  iron,  the  qoantity  of  which  rftriet  from 

in.c*!  ap  tu  five  per  ci-nt.     Orttphite  \b  a  soniewhnt  rar«  mineral  ; 

tftn*vt  aikI   iiH^tt  rnltialiK*  for  i>i<tji.-iU  wax  fnriat'rlv  ul'taiiipd  frum  Hor- 

il,-    ill  CuiuU'rland,  wli*-r<*  a  kind  of  irrrgulftr  vrin  ia  found  tinvrtx- 

ricii'ut  slalu  l»eilH   itf  that  district,  but   the  luint*  is  now  iii-tirlv 

i.     l^rge  <iuantitip«  of  ^r«pbit«  urn  iin{MjrU^  frnm  Ofmiany,  tli^ 

L&«i  luiliurf,  and  the  ITnit^Hl  8iati>8.*     Oystalu  arc  not  c-ontmon  :  wlicu 

thry  oecnr,  tber  have  the  figurt*  (if  a  «hort  «ix<flided  prUm — a  furm  Iwaring 

trie  ri'lation  u>  that  of  llut  diamond. 

''  is  often  fonnfd  artilU'ially  in  curtain  inetallurgfo  nporstlonB  r 
.lilt  ftcnltrA  which   tirniK'ttini^  separate   fntui   mttted   cast-iron  on 
•J.     :ille<l  hy  thnrorkmen  '*kiflh."  consist  of  ^aphite. 

I  Mack,  the  soot  produced   by  the  imperfect  coinhitftion  of  oU  or 
'  'te  best  example  that  can  be  given  of  rarlion  in  ite  nnrrjfttallixed 
'Its  atatti.     To  the  saraw  cl&as  belong  tlie  different  kinds  of  char- 
a»3i.      That  prepared  from  wiuhI,  either  by  distillation  in  a  lorije  iron  re- 
tort, or  b_v  Ibft  Bniotherofl  eomhustion  of  a  pile  of  fBj|;ot8  parliftlly  covered, 
with  earth,  is  the  inont  valuable  as  fuel.     Coke,  the  eharninl  of  pit-i-oal,  is 
BiucU   more  impure;   it  contains  a   large   quantitj  of  earthy  niatter,  and 
^TfiO^  ofl^'U  sulphur,  the  quality  depending  very  much   upon   the  mfHie  of 
-alien.     Charcoal  from  bontv  and  animal  matters  in  general  is  a  very 
kble  aabataoc^,  on  aocoiint  of  the  cxlraontinary  power  it  poti!«eHsiti  of 
renmring  ooloring  matter*  from  organic  solutions  ;  il  is  ui«ed  for  tbiv  pur- 
by  the  sugar-refiner  to  a  very  great  extent,  and  also  by  the  mniiufar- 
faring  and  scieatiflo  chemist.     The  prop«'rty  in  question  is  po88«Hu>d  by  all 
kinds  of  chjuroDAl  in  a  small  degre«. 

CLarcoal  made  from  Urx,  or  other  dense  wood,  has  the  propf^rty  of  rnn- 
densing  goxea  and  vapors  into  its  pr>re8  ;  of  amntnniaeal  gas  it  is  said  to 
atworb  not  less  than  ninety  tinx*^  its  volume,  while  of  hydrogen  it  Inkea 
up  less  than  twice  its  own  bulk,  the  quantity  being  apparently  eonn4'ete«l 
with  the  property  in  the  gas  of  sufl'ering  liquefaction.  This  property  of 
ftfaacrbing  gues,  as  well  as  the  decolorising  pow<-r,  no  doubt  dejxnds  in 
•omo  way  apon  the  same  peculiar  action  of  surface  so  remarkable  In  thu 
caa«  of  platinum  in  a  mixture  of  oxygen  and  hydrogen.  The  al^orbing 
power  is,  inde*^l,  cr<nKiderably  i»urease«l  by  saturating  charcoal  with  tmlu- 
lion  of  plaliuuni,  and  suljsi*quently  igniting  it,  so  as  to  coat  the  (hartonl 
with  a  thin  film  of  platinum.     t>r.  Stenhuuse,  who  BUggested  this  plan, 

k finds  that  the  gases  thus  alisorbed  undergo  a  kiud  of  oxidation  within  tho 
por«a  of  th«  oharcoal. 
CompoundM  of  Carbon  and  Oxygen* 
I 

There  are  two  direct  inorganic  compounds  of  carbon  and  oxygen,  called 
carhon  monoxide  and  carbon  dioxido;  their  cotupoaitiou  may  bo  thus 
tUted:— 

•  The  prnplilte  whlrTt  rin  he  dlrerllv  eut  for  penrils  o^rnrrtnr  ""'y  'n  Umltejl 
riiinnHtv.  powrlcr**!!  rrnphlte,  nbt-iine^l  frnm  the  Inforlxr  Turleflin  of  «he  mlncrjil. 
Is  OAW  fffouniMy  oon^otldiTed  for  thin  purim-ie.    The  meohiiilr-.!  (Uii*lon  oi  pr«- 

r-hlti"  precenUcoiDiliJornhleUlfflrulllofl.  whirh  mny  he  entirely  ohvlNtrd  hy  rtllopt- 
nc  •  rhfmlr^l  prnrr«*  Riipee-ted  hv  Sir  Henjimin  Hrodle.  siipltpwhie,  h<me%er, 
ooljr  to  cerfftin  v«rtelie§,  such  ««  Ceylon  snd  Slhrrlnn  frrFiphitr.  Thl«  prt»rfft» 
«onii1«U  in  IntrrMlHrini  the  POtr»rIv  powilered  er^phit*-,  prevlou-Iy  mixed  with  /^ 
Of  It*  wotcht  of  pntnaMiim  ehlnrnt^.  Into  3  p«rt«  of  poncenlrs'cd  sulphurto  ■rlil, 
which  iR  henlrd  in  Jiwnterhftth  until  the  rvoliitton  of  ""Id  fume*  r.«iie».  i  h  e 
aeld  l«  then  retnn%p.i  hy  wfvtpr.  ind  the  (rrnphUe  drte*l.  Thu*  prentirrd.  thl"  mib- 
•lAtiee.  whenhi-n^Mi  tn  n  fompersture  sppniachlDg  ft  red  heat,  iwelU  Up  to  a  bulky 
^H  mass  of  flnety  (llvtd«>l  graphite. 
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Carbon  monoxide,  CO 
Carbon  diuxidc,       CO- 


Oarbuu. 
.     12 
12 


Carbon  Diozld*  or  Carbonic  Anhydride — (comiuonly  called 
borne  Acui),  16  tilv/uy»  pr^Kluixtd  u hen  uhor^njal  burnt)  in  air  or  oxygen  gas ; 
it  in  miHit  conveuiently  obtatued,  however,  by  dexx>mpDsing  a  earbonato 
with  ont'  of  tlie  Htrougcr  aeula.  For  thia  pur[>utie  th«  apparatu»f  for  gt*n«- 
raling  hydrogen  (p.  130),  may  again  h«  employed:  fragnumtn  t»f  marLiltt 
are  put  into  tho  boitk*  with  enough  water  to  covor  the  oxtr4.*uuty  uf  the 
funneUtnhe,  and  hydrochJnrio  or  nitric  aoid  i»  added  by  the  latter,  until 
the  gas  is  freely  disengaged.  C*halk-powder  and  dilute  tinlphuric  acid  may 
be  used  insU'ail.  The  gas  may  b«  collet^ted  over  water,  although  with 
some  loas ;  or  very  conveniently  by  dittplaotnueut.  if  it  Ihj  re<juinHi  ilry.  as 
shown  in  fig.  108.  The  long  drying-tulM*  iH  tilled  with  fragments  uf  calduni 
chloride,  and  the  heavy  gaa  is  oondncted  to  tlie  iKtttom  of  the  vessel  in 
which  it  is  to  bo  received,  the  mouth  of  the  tatter  being  lightly  oloaed.* 


Flc.106. 
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Carbon  dioxide  is  a  colorless  gas  :  U  has  an  agroeahle  pungent  taste  and 
odor,  but  cannot  hv  n-spircd  fur  a  uiinuto  without  iusenifibility  following. 
Its  specific  gravity  is  1.524  ;  a  litre  weighs  1.9tiGti4  grauu,  and  100  cubic 
inches  weigh  47.2(t  grains. 

Tliis  gas  is  very  hurtful  to  animal  life,  even  when  largely  diluted  with 
air;  it  act^  as  a  narc-otic  polfion  :  henee  the  danger  ariuiug  froni  tiu]H«rfe<'t 
ventilation,  the  use  uf  lire-places  and  8tovt<s  uf  all  kinds  unprovided  wilh 

fm>p»>(r  ohimneyrt,  and  th-*  crowding  together  of  many  individuals  in 
imises  and  ships  without  etfioieut  means  for  renewing  the  air  :  for  carbon 
dioxide  is  constantly  disengaged  during  the  process  of  rt^spiration,  which, 
as  already  mentioned  (p.  124),  is  nothing  Imt  a  pnieess  of  tdniv  r-«>nil>us' 
tion.  Thifi  ga:4  i»  sometimes  emittfd  in  large  quantity  from  the  earth  in 
Toloanic  districts,  and  it  is  constantly  generated  where  organic  matter  is 
in  the  act  »>f  undergoing  fermentive  deeoni|)oaition.  The  fatal  "after- 
damp" of  the  ooal-min(«  eontains  a  large  prrt|»ortinn  of  carl^in  dioxide. 
A  lighted  taper  plunged  into  carbon  dioxide  is  instantly  extinguished 


for  eonverlog  g<i«ea  or  eold  llauldi,  not  oorro- 

;houc*,  whleh  %rc  now  artlclen  or  rnoimerue,  nre 

OlaiiA  tiibpn  fire  rniilly  t»cnt  In  thv  flnnif  or  a  Nitlrtt-latnp,  or  a 

Bunsen  burner,  and,   when  oecntary,  cut  bjr  acratcliiug  with  a  nie  aatl  broken 


*  In  eonoeotlDf  tubv-npparntut 
•Ive,  tube*  or  vtileiinlxra  canutrh 
very  ier^'Iroabie. 

.  and, 
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•▼rn  In  t>i«  ml'hnt  itnu-T.  Tin*  g««,  wh*<n  dilulnd  with  thrf*e  Uidas  iU 
Tntum^  oC  air.  mIiII  rctaiiiit  tht*  puwi-r  of  fxlingiiitiliiiig  a  light,  it  ia  easily 
4MiM^i«bi*ti  fruiii  uilnigt>u,  which  i«  aUo  iiicnpahlti  nf  Muppurting  oviu- 
Imttoii,  b^  iU  ra|Mil  ah(w>rptioii  b/ rjiUHtic  alkali,  nr  hy  liiru^waler;  Lho 
tartiidiiy  minmunioAit'd  to  the  latter  fruu  tbo  produotion  of  iuftolubla 
cal•^ialtt  <-artMttiat*f  i»  vt*rr  oharartprintit'. 

Cold  wiiliT  <titti<o1vt*ft  abnut  it«(  uwu  rulunie  (if  I'nrlMtii  <li<txi<h%  whalKVnr 
W  tb«  dt^iifiit/  uf  the  gas  with  which  it  i*  iu  oiititnH  (i^iiii[».  |j.  14tj)  .  t)iu 
■otation  U'tnpor&rily  rp<lden«  lilmii:*  paix^r.  In  ouiuiuuu  itoda-waliT,  aud 
ia  «ffervfm>«'nt  wiiM*t«,  t'sampltw  may  b«-  »t'vn  <if  thv  aululiility  uf  thv  gaa. 
Bneto  bdiling  wat«^r  alMiirt«  a  ]tfrr(>ptihl»*  i|unnlily. 

SfRDi'  of  thi*  interesting  pUeiiouR'ua  atl4>iuling  tht*  liqurrniTlion  of  rarimn 
•Hoxltle  hav>?  be«n  already  dvAcribed  (p.  t»4)  :  it  ri><|uirL<«  fur  the  purpt«»e 
I  ■■I  -><4ure  of  'SS.b  atintiepherMi  at  t*^.  TIil>  liqUL'ticd  oxide  ia  colorlraa  ftnd 
>  i.  ligLliT  than  waliT,  and  four  tiuitw  mure  expanitiblti  than  air  ;  It 
ii,.^<->  in  nil  projmrlinnM  with  ethi^r,  ah-ohnl,  naphtlm,  oil  of  turjtontinu, 
All  1  'it'i'on  dirtulphi<l)>,  and  \»  uiBoluUt*  In  water  an>i  fat  oils,  iti  thia 
o>n<lilJ<<it  it  doe«  nut  (exhibit  any  uf  tht*  j>r()jH>rtit*!i  uf  an  acid. 

(.'arUin  dioxide  i^xiflti),  ati  alri'july  uit-ntiuntMl,  in  thi>  air:  relatiroly  iU 
quantity  ia  bnt  stnall ;  bat  aUtolutoly,  takiug  into  ucoount  the  vast  extent 
of  the  almospb»«re,  it  U  very  great,  and  fully  adequate  to  the  purp»>se  of 
■applying  plants  with  their  corlwn,  thet4<<  latter  hax'ing  th<>  power,  by  thit 
aid  of  their  gr«***n  leaves,  of  decomiXMing  carbon  dioxide,  retaining  th» 
carbon,  and  exp<'lling  the  oxygfu.     The  presence  of  light  is  etwential  to 

lis  rtft-cl,  but  of  the  manner  in  which  it  is  produced  we  arc  yet  ignorant. 

The  carbonates  form  a  very  largn  and  important  group  of  isalts, 
le  of  which,  a»  the  cnrt)onat>-s  of  onlrtum  and  luagneaiam,  occur  very 
abundantly  in  nature.     They  contain  the  elements  of  carbon  dioxide  and 

metallir  oxide  :   calcium  carlxtnate,  for  example,  being  compcmed  of  b(i 

krt8  of  oftlcium  oxide  or  Ihne,  and  44  parts  by  weight  of  carlwa  dioxidef 

of  4(»calcinm.  ]2carl>rm,  and  48  oxygen,  a  composition  which  in  repre- 
'•cnt«d  by  the  formula  CaO.COj  or  CaCOj;  hut  they  are  never  fnrmed  by 
th«  direct  union  of  dry  carUm  dioxide  with  a  dry  metallic  oxide,  the 
int^nrentioD  of  water  being  alwavti  require<i  to  bring  atiout  the  i^imhina- 
Uml.  PoiaaKium  oarbooate  (pearlaah)  is  th«  chief  cnnstitnent  of  wr>od- 
•abes;  aodium  carbonate  is  containeil  in  the  ashes  of  marine  plants,  and 
fft  mantifat-tnred  on  a  very  large  scale  by  healing  sodium  Kulphate  with 
time  and  coal.  Thistle  carlxjnates  are  soluble  in  water.  The  other  melalllo 
cArb-mates,  which  are  insoluble,  may  lie  formed  hy  mixing  a  solution  of 
jMHaHsinni  or  sodium  carbonate  with  a  soluble  metallic  ttnlt :  thiii*,  when 
solutions  of  lea<l  nitrate  and  sodium  cArbonati>  are  mixol  together,  the 
lead  and  aodinm  change  plac4«i,  forming  stxlium  nitrate,  which  remains 
dred,  and  lead  carbonate,  which,  being  insoluble  in  water,  is  precipi- 
iu  th«  form  of  a  white  powder:  i'b<NO,),+ Na,CU,  — 2NaN0,4. 
LX),. 

This  is  an  example  of  doubU  decon^tomtion,  the  moat  fre<iuont  of  all  fornut 

chemical  action. 

The  wdmion  of  carbon  dioxide  In  water  may  bo  supposed  to  contain 
fcydrogen  carbonate  or   carbonic  acid,  consisting  of  2  part*  by 

Mghl  of  liydrogon,  12  carbon,  and  48  oxygen,  and  reprwented  by  the 
lula  HjCO,  or  ILO.CO,  ;  but  this  compound  ia  not  known  in  the  separate 

He,  only  in  a<iueouH  miluiluns. 

Carbon   Monoxlds  (commonly  called  Carhonie  Oxid€).—VnxoTi  car- 
in  dioxide  la  imwsed  over  red-hot  oharooal  or  metallic  Inm,  one  huU  of  iia 
rgen  is  removed,  and  it  becomes  ciinvert^nl  into  carbon  monoxide.     A 
gooil  method  of  preparing  this  gaa  is  to  Introduce  into  a  Uask  fitted 


I 
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with  «  bent  tnbe  Bomo  crystallized  oxalic  acid  (H,C,0,),  and  pour  upon  tt 
five  or  six  liun-s  aa  iiiurli  stroiij;  nil  uf  vitriol.  On  licatiu^  ihr  uiixture,  tlio 
oxalit?  neid  is  rt-solvt.-tl  into  waltT,  carbon  dioxide,  and  wirUm  inoii4>xide, 
U^CgO,s=C''H-CO,-j-t[,0  :  ftiid  bv  iMU*>*iiij(  tln'gaseH  thrniiKU  a  Hlroiig  solution 
of  caustic  pola^iih,  tlu*  lirst  is  willulrjiwii  by  al)suriitii>Ti,  whik*  the  st-wjixd 
reiuuiuri  uiichauge*!.  Anotlior  and,  it  luay  U*,  pri'itTubU'  in*.*Uiod,  ia  lo  In'^at 
finfly  powdered  yidlnw  potaMstuiu  Fcrrooymiidf  with  »*ight  or  tfii  tiutes  it« 
w«*i};lil  of  mpc4^utrftt(^d  aulphurio  at*id.  The  Halt  i»  cnliri>ly  di>€um]}OHtHl, 
yielding  a  most  L4>piotu  supply  uf  perfectly  puru  carbou-  mouuxide,  whieh 
may  be  ooUfct(4l  ovi*r  water  in  the  UHuai  luiumer.  The  reautiun  is  re 
Seuted  by  ihe  (Hiuatiun — 

GILO     4-     6II.,Rn,     =     tiCO     -I- 


Fotaisiuni  (vrro- 
eyaoide. 


6ii.,Rn, 

Sulphurio 
acli). 


PotANMluin 
Bulphatc. 


Atnciotiium 

■ulphttte. 


Fl^SO^ 
F«rroua 

tul]ihat«. 
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Carbon  monoxide  is  a  conibiistible  gas,  which  bums  with  a  Iwautiful 
paU^-bluo  tlamc,  generating  carlK>n  dioxide.  It  haa  never  been  litiuefltHl. 
It  i»  colorh^jiti,  ha*  very  little  odor,  and  is  extremely  poisi>nous — mudi  more 
80  than  cArbou  dioxide.  Mixe<l  with  oxygen,  it  explodes  by  the  elei'tria 
Bpark,  but  with  some  difficulty.  It«  speeiflc  gravity  is  0.^73  ;  a  Utru  weighs 
l.*^.'fl&  grnniH  ;   ItX)  oubio  incliL>s  weigh  30.21  grains. 

The  relation  by  Tulume  of  thofle  oxideH  of  carl>on  i^  aa  foUowB  :  Carbon 
dioxidt?  mutaiiis  its  o»n  volume  of  oxygen,  that  ga^  HtilTeriTig  no  change 
of  bulk  by  it«  iX)nveni)nn.  One  measure  of  rarUtn  monoxide,  mixed  with 
l»alf  a  measure  of  oxygen  and  expl<Kltnl,  yIehU  one  measure  of  carbon 
dinxiile  :  hence  carlmn  monoxide  eniilniiis  half  its  volume  of  oxygen. 

Car))nn  monoxide  uuiteH  with  cblnrim^  under  the  inlluencc  uf  light, 
forming  a  pungent,  suCocating  eoiajMuud,  possessing  acid  propurties,  called 
phosgene  gas,  or  earbonyl  cliloriJe,  COClj.  It  ia  iimde  by  mix- 
ing equal  volumes  of  carljon  monoxide  and  chlorine,  both  perfectly  dry, 
and  exposing  the  mixture  to  sunshine:  the  gases  unite  quietly,  the  color 
disapp*'ars,  and  the  volume  bevomca  reduci^d  to  one-!i&lf.  A  more  cnnve- 
uieul  met)io<l  of  preparing  this  gas  consists  in  passing  carlK>n  monoxide 
through  antimony  pi'utaclilonde.  It  must  he  receiveil  over  mercury,  as  it 
is  de«ompo«ed  by  water.  When  pure  it  condenses  loaliquidat  0^  ;  or  more 
quiokly  at  the  temperature  of  a  mixture  of  ice  and  salt. 

Comfwunda  of  Carbon  ami  B^irogtm. 

The  eomponnds  of  carlton  and  hydrogen  already  known  arp  «to«Hlingly 
numerous:  perhuits  all,  in  strictness,  btdong  to  the  domain  of  organic 
ohemislry,  as  they  cannot,  except  in  very  few  case^,  he  formett  by  the 
direct  union  of  their  elements,  but  always  arise  from  the  diH-om position  of 
a  complex  l)ody  of  organic  origin.  It  will  be  found  convenient,  notwith- 
stAUding,  to  desL-ribe  three  of  tbi'm  in  this  part  of  the  volunu',  aa  they 
very  well  illustrate  the  important  «ubjuvta  of  combuatiuu  and  the  nature 
of  ttame. 


Methane  nr  Manh  Oas;  Litjht  Carluretted  Ififdrotjfn:  Fir^-thmp.  CH.. 
— 1'hi>4  gfis  \)t  but  t<K>  often  found  to  btt  abundantly  disengaged  in  coal 
mines  fnim  (he  fresh-ent  surfnee  of  the  roul.  and  from  rtunnrkable  apertures 
or  "  blowers.''  whieh  emit  for  n  pr»-ttt  length  of  time  a  copious  stream  or  jet 
of  ga§,  pmbaMy  existing  in  a  state  of  compression,  pent  up  in  the  coal. 

\Vhea  llic  niiid  at  the  bottom  of  p>:iols  in  which  waler-pliuits  grow  is 
Stirred,  bubbles  of  ^as  escape,  which  may  be  easily  euUeuted.     This,  tio, 
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elimination,  is  fonnd  to  bi»  phiofly  a  mixtnw  of  light  carbarclttfl  liydrapvn 
a-mt  uarlKtn  ilioxidu :   thu  laCU>r  u  eiisily  abcHirbftl   )*y  liiutv-watur  ui  ca(i9ti« 

For  a  Ion;;  tiinp,  no  meth'^  was  known  hy  vrh'ivh  uK'thano  wiuid  Hm"  pn»- 
dnce'l  in  a  nt.ito  approaching  to  pnritv  by  artifii  inl  in«'rit)ti ;  tho  varioas 
illaiiiinflting  gases  from  pit-cool  and  oil,  and  tliat  obtainc*!  hy  poHsing  the 
rapur  uf  alcubul  through  a  r«d-]i»t  tube,  ccmtain  Xar^e  qnuutitifM  of  U, 
aiiiiocial'Hl,  howercr,  with  other  aabatantiea  which  hanlly  admit  of  Hi<para- 
tion  ;  bnt  Dumaa  Iioh  diitouvensd  a  mothud  by  which  it  can  be  produovd 
{Ktrfn^tly  pure,  and  in  any  quantity. 

A  mixture  in  modi;  of -lit  parts  cry&tallizpd  flodinm  A4M)tat^\  40  portA  solid 
tcvlinta  hyiLroxidi',  and  tilt  partu  ijtiiukiiiUL*  in  jMiwiti-r,  Thisi  mixturu  is 
tranAf'?rr.'.l  to  a  Ilask  or  ri'torl,  and  8lri«n;ly  hfattsl  ;  the  gas  is  disengaged 
in  gT<^at  ahnndaiict',  and  may  b«*  eolU'<.'t4.Hl  over  wati'r.  while  sodium  oar- 
UuLatc}  ri.*main)i  behind.     Thu  reaction  in  rrpri.'Atinti'd  by  the  equation-— 


PoiflutD 

uetitt«. 


KanO 

Sodium 

bydroxt(l«. 


Mnran 

fKM. 


Soatum 
oarboaata. 


Till*  ose  of  lime  i»  merely  to  prevent  tho  iiocla  from  fusing  and  attacking 

thf  f^loMH. 

Mottian»«  is  a  colnrli-ss  nnd  nt^arly  inodorous  pas,  whioh  drw^s  not  affoot 
rf'-t-tabU-  ixilors.  It  buruHwith  a  yellow  llaiue,  giMU-ratiug  carlxm  dioxide 
aiil  wat4.'r.  It  u  not  poi»onoiLH.  and  may  bo  rf»pirod  to  a  ^rcat  extent 
without  appnrtMit  injury.  The  den>iity  of  tbiH  coniiwiund  it*  alK>ut  O.SHB,  a 
lilru  Wfii^liing  (l.715.'rS  pram,  and  1"0  cubic  iiiclim  wiMj:hiii[?  17.41  grains; 
it  Dontaina  carN^n  and  hydrogen  o^ocinted  in  tlie  proportion  uf  12  portti 
by  wtright  of  th**  form*T  to  4  of  the  latter. 

Wbun  loo  m<*a!(tirti4  of  thiii  gas  are  luixuil  with  200  of  pun?  oxygen  in 
the  eadiora'^ter,  and  the  mixture  explodivl  by  the  electric  spark,  UHi  mca- 
Bun^  of  ga.-*  remain,  irhicii  are  entirely  alisorbable  by  a  little  Roiution  of 
cauiitio  p<ita^ti.  Now,  carlH>n  dioxide  contains  itii  own  volume  of  oxygen: 
heuce,  one-half  the  oxygen  abided — that  is,  1(KI  measured— must  have  iieeu 
eoiL4umt><l  in  uniting  with  the  hydrogm.  ('H>nHe<|Ui<ntly,  the  giu*  tuiiHt  con- 
tain  twioi*  its  own  measure  of  hydrog«:!U,  and  unougti  carhon  to  produce, 
when  compK'toly  burned,  an  et^ual  quantity  of  cartMin  dioxide. 

Wn<-n  clilorinu  in  mixed  with  niarsh-ga.H  over  water,  no  change  folluva, 
pnividel  tight  be  excluded.  The  preitence  of  liglit,  however,  bringa  about 
de<vmipo:§ition,  hydrouhloriu  acid,  oQrlwndiuxiiie^  and  other  products,  bidng 
formt-'i.  It  ia  important  to  remoxuber  that  thia  gaa  ii»  not  aotcd  upon  by 
ehlorino  in  the  dark. 


Ethene  or  Olefiant  Oas,  <-*]H|. — Strtmg  spirit  of  wine  i»  mixM  with 
fivv*  or  hix  tnn'*.'4  it.n  UL'iglii  uf  oil  of  vitritd  in  a  glruis  11u.Hk,  the  tttU'  of 
whieti  passes  into  a  waah-botttu  containing  caustic  potash.  A  second  wofih- 
b>ttle,  partly  filled  with  oil  of  vitriol,  ia  connect«Hl  with  the  fin*t.  and  fnr- 
nbihi.vl  with  ft  tnhft  dipping  into  the  water  of  tlio  pneumutiu  trough.  Oa 
thi*  flrat  application  of  heat  to  the  twutonts  of  thu  Aask,  alcohol,  and  after- 
wards ethnr.  make  thiMr  &ppt>arantu> ;  but,  oh  tlir^  tem]»eratur«  rJties,  and 
th»?  mixtur-  blaekenn.  tlie  ether-va;>or  diminishes  in  quantity,  and  ila 
pl&co  l^H-^Kne^  in  great  part  supplieii  by  a  pt*rm.ini*iit  inllninmable  gas  ; 
terb^m  di>»xide  and  sulphnrous  oxide  are  also  generateil  at  the  same  time, 
^■■ides  traoMS  of  othur  priNlneU.  Tlte  two  liuit'mi-ntitiiu*(l  gust*?*  are  al>- 
•orbad  by  the  alkali  in  the  lirittliottlet  and  the  etiiiT-vnpur  by  the  acid  in 
the  socoud,  ao  that  thu  olefiaut  giis  is  delivered  tolerably  pure.  The  entire 
reoctiou  ia  too  complex  to  be  diduusjied  at  tho  preaent  moment ;  it  wUL  bo 
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fotind  fully  describrt?  in  tho  third  part ;  bnt  the  cthrnp  ma,T  he  regarded 
as  resulting  frum  a  siiuplo  dch^driitiun  uf  tlit*  aleuhul  hy  ihe  oil  uf  vitriol 


CjII.O     =     C,II,     -I-     11,0 
Alcotiol.         Ktb«Qc.         Wfitcr. 
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OleSant  gas  thus  produced  is  onlorlora,  neutral,  and  bnt  slii^htly  aolnble 
water.  Aleirhul,  ether,  oil  of  turjwutine,  and  evou  olive  uil.  ditisolve  it  to 
a  c4mtiid«?r&blL*  extent.  It  liiia  ii  fKint  odor  uf  f;arlic.  On  the  AppruAch  uf 
a  kindled  tapor  it  takm  lire,  and  burns  with  a  hplendid  white  light,  far 
HurpfLHHiii^  in  brilliantiy  th»t  prtiduce^l  by  inarsh-);ap.  This  gas,  when 
niixod  witb  oxygen  and  fireil,  expluck^  wltli  extreme  violence.  Its  density 
is  0.981  ;  a  litre  weighs  1,*Z&IM  grains;  100  cuUo  inches  weigh  8U.&7 
graiuB. 

Hy  the  use  of  the  cudtomet*tr,  na  already  desoribed.  U  has  boon  fotind 
that  oach  measure  vt  etiiene  rt-<juirw*  for  CTmiplete  Lvinbutttion  exaelly  tlireo 
of  oxygen,  and  proililt^e^  under  these  eircumsitauces  twomeruiurett  of  i-Jirbitn 
dioxide:  whence  it  U  evident  that  it  i^nmtiunH  twice  itM  own  volume  of 
hydrogen  eonibiuetl  with  twice  as  much  carbon  as  in  metliane. 

By  weight,  tlu^o  prop^irtionB  are  24  purts  carbon  and  4  parts  hydrogen. 

Ethcno  ii  deeoinpoitrd  by  pausing  it  througb  a  tube  heatinl  tu  tiright  r«d- 
neris ;  a  dej>«>Hil  uf  ehareoAl  and  tnr  takes  plae^,  and  the  ^nn  U'c^uued  cnn- 
vorted  inl<)  marah-gas,  or  even  into  free  hydrogen,  if  the  teniperuture 
bo  very  high.     This  latter  change  i»,  of  course,  attended  by  tucrcaav  oir^ 
volume. 

Chlorine  acUi  npon  ethene  in  a  very  remarkable  manner.  When  tlM 
two  bodle»  ara  mixeil,  even  in  the  dark,  they  rombine  in  equal  mi>aHurea, 
and  give  rlao  In  a  heavy  oily  liquid,  of  8W(H;ti9h  taato  and  ethereal  mlor,  to 
which  the  name  of  ethene  chloride,  or  Dutch  liquid,  C\HfCl„  ia  given.  It 
is  from  thin  iMJcuUarity  that  the  term  olrfiunt  ga»  is  derived. 

On  mixing  iu  a  tall  jar  two  measures  q(  ehlortue  and  one  of  ethene,  and 
then  quickly  applying  n  light  to  the  mouth  of  thi<  vesHel,  the  chlorine  .ind 
hydrogen  unito  with  tlame,  which  passes  quickly  down  the  jar,  while  the 
whole  of  the  carUiU  la  s«*t  free  iu  the  form  uf  a  tliick  black  Amoke. 

Bthlno  or  Acetylene,  0,11  j. — This  hydrocarbon  is  formed  by  the  direct 
nnlon  ot  it.i  eleuifnts.  Ilyilrngen  and  carh»on  do  not  c«)mhine  at  ordinary 
teni|H>ratures,  or  even  under  the  influence  of  the  most  intense  heat ;  but 
when  an  electric  arc  from  a  v^ry  powerful  voltaic  battery  is  passed  between 
enrlhtn  pob-s  in  a  nurrent  of  hydrogen,  the  carlH>n  and  hydrogen  unite  to 
form  iuM<tyleiie.  This  compound  is  carrit^d  forwnrd  by  the  stream  uf  hydro- 
geu,  and  on  p.\i4Biing  tho  mixed  ga'^e^  into  a  snliition  of  cuprous  chloride, 
lh>'  acclylr'ue  la  aeparotod  in  the  form  of  n  red  solid  copper  com|K>und, 
which,  when  deccnnpoa«d  by  hydrochhnie  acid,  yields  pure  ao«tylene. 

AtHtiyb>ne  is  a  i^itorless  gas  of  specillc  gravity  0.02.  It  burns  in  the  air 
with  a  bright  »>nif>ky  flame,  and  when  mixt.>d  with  chlorine,  detmiates  almost 
liwIautW,  t«ven  in  diffustivl  daylight,  with  separation  of  ciirlmn. 

Aovlyleue  U  one  of  the  ivmstituents  of  ooal-gas,  and  Is  produced  in  the 
iHiporftHft  iHtmbustion  of  various  bodies  containing  eorbou  and  hydrogen. 
Tbo  wudeA  uf  formation,  reactiouiif  and  derivatives  of  this  compound  will 
b»  I^rih*«r  •iinHiden^^l  under  Organic  Chemistry. 

Coal  Otl  «n4  Oases. — The  manufacture  of  ooat  gas  la  a  branch  of  in- 
duitlry  of  great  inleret>t  uud  im^wrtaucv  in  several  j^KJints  of  view.  The 
pfiMiKiw  iM  oiix  ttf  threat  simplicity  of  principle,  but  requires,  in  praclioe, 
ttiiii'  uifMit  Iu  yield  a  good  result. 

\^  ■ted  to  de^truetive  distillation,  a  variety  of  pro- 

Juii'-  ■.>,.;  .;.<  i..-^.  >.'  -I — prrmaueut  gases,  steain  and  volatile  oils,  beyides 
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a  not  isoonsiderablr  quantity  nf  .imumiiia  from  the  nitr^vgon  nlwnvn  prriM-nt 
Sb  tho  coal.  Thi'se  hubstances  vary  vory  much  in  thoir  pnyportioiLe  with 
the  t«!Ui(K>raturf  At  wliu-li  th<>  priieeafl  i»  u^iiduettM,  tliu  iK.'ruiAUi*iit  guitps 
beoimiiiig  tuorti  nlmndanl  with  iiicreiuod  huat,  Lml,  ut  ihu  tuuui>  liuiis  littting 
murh  iif  thfir  value  fur  tlie  purput^ifl  of  illinuiniitiou. 

Thi?  Ci>al  is  ditfiilU'U  in  cuLtl-irun  rctorUi,  niAJntAinod  at  a  bright*red  beat, 

and  tho  volatilized  prtMluct  Ih  o>uductvd  iiitu  a  lung  horizontal  pipf)  of 

Iarg«>  clHii<_>n«ioiu,  always  half  tllk-d  with  liquid,  into  whJL-h  the  fxtrcinjty 

nf  "<\rU  tii<pArat«  talM  t\ip^:  tUia  is  calh'd  the  hydraulic  main.     Ttiu  i;aa 

lii'l    It^i  a<H.v)mpanying  vaj^ors  art*  nt^xt  uioiK'  to  trnv<.*n«e  a  rt^frig(*rat'jr— 

i-(iaJiy  a  8*iri«(  of  iron  lupt^a,  ciioled  on  tlif  oulaidc  by  a  otrrain  of  watL*r; 

h-rv  the  uimdimflaiiun  of  tho  tar  and  thu  ammoniaeal   liquid  bcounu'ti  com- 

|)l<?t4\  and  th«^  gaM   pr(K'(**Ml]t  onwarrlH  to  niu'1.hi'r  part  of  the  apparatui*.  In 

which  it  ia  d>-priveil  of  xh*s  Hulphun-itcd  hydrogfu  and  carbonic  acid  always 

|ir<*eut   ill   tht'  cru<le  pnxluct.     Tlie  s«|Mirrtli(Ui  wa*  fonuorly  ttiTwrt^Ml   by 

lakrtil  Itriir,  which   readily  nlMorlm  lltr  (»tn|MtundH  in  qiic^ttion.     Tht?  UKe 

liiiK*.  howuv(*r,  lias  Ixmmi  ahimttt  HUpt>rh«jd(*<l  by  that  of  a  mixture  of  unvt- 

and  inuioxld^^    Thin  mixture,  after  having  bi*fU  ubed,  in  cxjiu'si'd  for 

vc  time  to  thu  atmoiipliLTis  and  ih  then  fit  for  nsn  a  second  time.     TIia 

fi(*rH  art*  large  iron  vi^tsolM  tilled  either  with  slaked  lime  or  with  thu 

nxidu  mixture.     The  gna  is  a^tmitti'd  at  the  Iwittom  «if  the  vessel,  and 

l«  to  pass  over  a  large  eurfjire  of  t)io  purifviug  a^entif.     The  last  part 

the  op<?ration,  whieli,  ind^^wl,  in  ofivn  omitted,  t^tjuHistti  in  passing  the 

thmui-h  dilute  Hulphiiric  aeid,  in  orilfr  to  remove  ammonia.     Tho 

iitity  thun  8i-purated  \s  very  kuihU,  relntivtdy,  to  the  bulk  of  the  gatf, 

It,  in  an  oxteti»ivt»  wr»rk,  l»eoomeB  an  object  of  iniportanoe. 

I'oal-gas  thus  manufactured  and  purilltMl  is  preserved  for  oho  in  immense 

'liitdrituil  rooeivers,  elonwlat  thL*top,tiUHponded  in  taukaofwatur  by  chaliiH 

whieh  rnunter poises  aru  ailaehud,  so  that  the  ga8-holder8  rise  and  sink 

the   liquid  a*f  they  l»ee*»tne  filled   fnun  the  purillent  or  finptie*!  by  the 

lainff.     TliPAP  latter  are  ina^le  of  lar;*e  iliaineter,  to  iliminiHh  as  much  as 

asible  tho  n>^ifftanco  t»xp«>rieneod   by  tho  gaji  iu  pntiHing  through  Huch  a 

iKih  of  pi^H!.     The  joint?)  4if  thene  maiii.^  are  still  made  in  ho  iiujKTfeet  a 

iBinnt*r  that  imroenrte  Iohs  is  experieuecd  by  leakage  wh«n  pressure  upon 

thfl  gas  exe^»odii  that  exerted  by  a  column  of  water  an  ineh  in  height.* 

Goal   pas  varies  very  miioh  in  com]v»sition,  judging  from  ita  variable 

initttT  and  illuminating  jmwers,  and  from  the  analyaea  which  hare  been 

Tho  ditCcalties  of  surli  inveAf  igatioiui  aru  very  great,  and  onluaa 

liar  precaution  lie  taken,  the  reanltM  are  merely  approximates.    Tho 

gitf  i«  believerl  to  Contain  tho  fuUowiiiK  sulwtancen,  of  which  th« 

tbv  luorit  abundant  and  the  seoond  the  most  valuable: — 

Methane,  or  Mar^h  gaa. 
Etheuu,  or  Olefiant  gas. 
Ethine,  or  Acetylene. 
Hydrogen. 

It  may  give  some  Idea  of  the  extent  of  tlili  ipe-lea  of  mnnnfAeture,  To  ncntion 
\nt  Id  ihf  y^-ir  1838,  for  IlKhtInK  I-onJon  and  the  ■tiTturtii  «lonf>,  there  were 
lehtceo  ptlfjlto  jfnt  works,  mul  £3,^".'^'  Invntpd  In  jHik-*  nnd  n|i|i«r<itiu.  Ttie 
jarly  revenue  nniouoted  to  frrtV*""!  ""''  '*"  consumiHiofi  of  ooul  In  thr  Dime 
■rlwl  le»  IW.seo  toim.  Ilrt'>  miUioM  nf  cuhlc  feet  of  rim  betnn  madp  In  thf  ye«r. 
irre  were  1. 11.300  |»rlvi*tP  liu'litn.  and  -l ',♦  •"  tlreel  Iwmnt.  »>•>  Umm  of  vat^\^  were 
rd  tn  the  rclnrls  in  ttio  aimcc  of  twent>  -four  hour.  «i  nudwlntrr  ;  «nd  T.IW.OX) 
Itile  fe<'t  of  gAt  oonHUined  In   the  looffcat  night.- L  re,  DicHanon,  of  Art,  cud 

Fsiuce  thnt  tlnie.lhe  production  of  g<w  »'«■  57"  .^""""?"'''T,,!"T"*'*':  J»'« 
'•iDnuntofooM  used  m'^I^ndon  for  r"-'«*''»»'f  »"  'i.'^'',.  r.y^^"      'J^^^^ 
ntim^ted  .t  40(1.000  too..  wlil.-h  m.  nn  '«V"'M,'«  *"   i^,>'X;  .  «^^^ 
«Qblc  f.-ct  of  K«V    In  the  fCKt  1^7  the  miioa  In  the  Loadon  iireett  had  roachcU 
'   I  tatraordlnary  length  of  3000  mlJcs. 
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Carbon  Mnnoxide. 

Vapors  of  volatile?  Uquld  H.vdrocarhoiw.* 
Vupor  uf  CarlMiii  Ui»ul|)hiilt;. 

Sejtarated  by  CondenMation  and  &y  the  /Vr(A'(T«* 

Tar  ftnd  Vnlatilf  Oilti. 

Amiiiouium  Sul|iliuiu,  Chloridti,  and  Sulphide. 

Uydrogvn  Sul|iliule. 

C&rboii  Dioxiile. 

Hydroc>nnic  ncid,  or  Ammoniam  Cyanide. 

Sulpliocyazkio  acid,  or  AuuHonium  lJulpbocyaniit«. 

A  far  Ix^tttT  illuminating  gas  may  be  preporuH  from  oil,  by  dropping  it 
iti)  a  red-hot  iron  rvUtri  I'lllfd  with  t-okr ;  th«  li«.iiiid  i»  in  great  part  do- 
ctiraposM  and  conrerl^-d  into  permanent  gas,  wlurli  retjuin^s  no  purifica- 
tion, n»  it  in  quite  free  from  tliu  uimnuiuo4:iil  uitd  sulphur  compoundH  K'liiuh 
vitiatv  gjw  frimi  i-nal.  Many  y«ars  ago  this  gah  was  prepared  in  Lundoii ; 
it  waa  couipredsed,  for  tliu  use  of  the  eonMumor,  into  strong  iron  vt^twels,  to 
the  extent  of  thirty  Rtuiospheres  ;  th*n»e  were  furnitilied  with  a  pcr^w-valve 
ofpPOtiliAr  coufttruotiun,  and  exchanged  for  others  when  exhausted.  The 
comj^arntively  high  price  of  the  iiuiterial,  and  other  circmuKtanceH,  led  to 
the  aliwtonuieitt  of  the  undertaking.  Ou  tbu  Continent  gaji  is  now  exten- 
sively prepared  from  w<:K>d. 

Combuaion^  and  tke  Structure  <tf  Fiame, 

When  any  Holid  9ul»stanco  capable  of  Ix^aring  the  Are  Is  heatwl  to  a  cer- 
t&ln  point,  it  emitit  light,  the  oh.'iraeter  of  which  deiK^iils  upon  the  tem- 
p«<rAlure.  Thu»,  a  liar  of  platinum  ur  a  piece  of  jxircelain,  rai.HtHl  to  a 
partintlar  temiteratnr**,  lM»or»mo8  what  ia  called  red-hot,  or  emiaeive  of  red 
light :  at  a  higher  degree  of  heat,  this  light  betoiut*  whiter  and  more  in- 
ten«e,  and  when  urge^l  to  the  utmout,  as  in  the  case  of  a  piece  of  lime 
plaiH«d  in  the  (lame  of  the  oxyhydrogen  blow-pii»e,  the  light  b«KMitne8  ex- 
oeo«Ungly  jHiwerfnl,  and  acquires  &  tint  of  violet.  Bodies  in  theee  states 
AW  said  l<»  !>♦•  inntiufrsci^nt  or  i^jmt^. 

Again,  if  the  same  experiment  bf>  made  on  a  piece  of  charcoal,  similar 
rfftvtii  will  Im'  olwerved  ;  but  something  in  axldition  ;  for  whereas  the  pla- 
tinum and  |M«ri'elaiii,  when  removed  fn)m  the  fire,  or  llie  lime  from  the 
Wow-pi|)e  flame,  Jh'gin  inimeiliately  to  oool,  and  emit  !(*«.«  and  letw  light, 
until  they  b«sx>nie  (Nimplelely  ob^cnre,  the  charcoal  maintains  to  a  great 
extent  \\»  high  tetiifHTature.  Unlike  the  other  Uxlies,  t(N),  which  suffer 
no  rbunf*  whntever,  eilber  of  weight  or  sulwtance.  tlie  charcoal  gradually 
wn  1  until  it  diHapi>ears.     This  ia  what  is  calteil  con^bxution,  in  eon- 

|r .  -  (o  men*  igiiitiou  ;  the  charcoal  burns,  and  its  temperature  is 

^riM  uy  lY  Ut<*  hwit  evolvt»d  in  the  act  of  union  with  the  oxygen  of  the  air. 
lu  ^»  IMNl  MMVal  sense,  n  body  in  a  tttate  of  combuHlion  Ik  one  in  the 
gvi  «l  wSiAtffWif  intense  ehemioal  actinn  :  any  ehemienl  nrlittn  whatso- 
•ttt^tf  ItoCMffzy  ^^  RufRHently  high,  may  produce  the  phenomenon  of 
■MhwCh^  1^9  IvtflibBy  tAe  'jof/y  '"  JCMcA  on  txUnt  that  it  turitutta  iuminotu. 
tedi  M^M^  caM«  of  combustion,  the  action  lie»  lM.*twe«.Mi  the  burning 
.A>  ij;»ip»si  c/  the  air  :  and  itimM*  the  materlaltt  eniph>yed  for  the 
m  ynitmfnm  «f  heat  and  light  <xin^ist  of  carlton  chiefly,  or  that 
;'WyMi^»4miitoaK«alk  ««ert«ln  proportion  of  hydrogen  and  oxygen,  all 


rihuMaaUag  powvr,  and  ooafer  oa  the  gas  its 
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vnUBOa  «ff«ote  of  tbiv  nutnrtf  are  cuies  of  tlic  rapid  and  vInIcDt  nxid«tii*u 
oCcftrbon  and  Ljrdrogeti  by  thm  aid  of  thii  free  nxjgen  of  the  air.  Tl>u  heat 
miMl  be  referred  to  Ui«  act  of  ohcuucal  tmiuu,  and  the  light  to  the  elovalod 
_lMB,peralur«<. 

l%y  thia  prinoipWs  it  ia  vhsy  to  understand  tho  ot^aoa  whicli  mtifit 
ipte<l  to  iucD'AM^  thi*  hvat  of  oniinarjr  firefl  to  the  puiut  ueLiii^arjr  tu  ui<diJ 
:li>ry  nietaU,  and  tu  hriii^  aU>ut  orrtaiu  <lfttirtMl  elfcots  of  oh«*iiiU'ar 
i)>4isitiun.  if  tlie  rato  of  cviiHuiupliou  of  the  fuel  can  Iw  iuert>aiiL<4lj 
hy  a  niuri?  rupid  intritdui>tion  of  air  iutu  the  huniiitg  iiiojut,  the  intfuail^j 
nf  thi-'  Uoat  will  of  ne<-4*sttity  tiav  id  the  euiuo  ratio,  thf  quantity  (if  heatj 
rvolvml  boiiit;  fixml  and  di'lluite  for  thettauu  ixinDtant  quautity  of  olieiuii 
[^tion.  Thill  increiuiod  aapply  of  air  may  hr  enVct«d  hy  two  diKtiuct  mo*! 
Lhoda  :  It  may  be  forced  into  the  tire  by  bellows  or  blowiognioohiiiea.  oa  in 
tilt!  Lyimmon  forge  ami  in  the  blast  and  cu})ota-furnai»ui  of  the  iruii-worker; 
ctf  it  may  ba  drawn  tlirough  the  burning  mad-rials  by  the  hi'lp  of  a  tall 
• '  '  V .  the  firoplace  Iteiiig  cliwtKl  on  all  videti,  and  no  entrance  of  air 
-ave  U*tw«vn  the  bfint  i.<f  thr  grate.  Snch  iii  the  kind  of  fnrnnc«< 
^.  ... ;...;_.  timployul  by  the  flcicntifu'  rhcmiftt  in  UBHnying  and  in  the  rwiutv 
t(f)U  of  uii'talii*:  oxidt^a  by  chartxuil  :  the  priui-iplH  will  be  at  onee  under- 
atood  by  tlie  aid  of  the  9*H*tinnal  drawing  (8g.  1(19),  in  which  a  omcihie 
repre^entjvl  arranginl  in  tlu<  lire  for  an  operation  of  the  kind  inentione«l. 

The  ••  revrlieratory"  furnace  (fig.  110)  in  onerery  mnoh  used  in  the 
when  sohstauoBa  are  to  be  exposed  to  heat  without  contact  with  tho  fu< 


Flf.  lOO. 
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The  fire-rlmiiibcr  ia  separated  from  the  bed  or  hearth  of  the  fnmape  by 
tow  wall  er  hriiiffe  of  brirkwnrk,  and  the  flame  and  ht^atptl  air  nrr  rrfl<'('ti»d 
^downwards  by  tlie  aroht'd  form  of  the  rottf.  Any  d^ree  of  ht^at  can  ite 
^obtained  in  a  furnace  of  this  kind— from  thn  temperatiin'  of  dnil  rodnosg 
to  that  required  to  nu-lt  very  largH  qnnntitii^  of  ra*»t-iron.  Thi'  fir*>  la 
lirpHi  by  a  (^himnr^  provided  with  a  slidiug-plate,  or  damper,  to  rcguli 
iihe  draught. 
IS 
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SoUds  aud  liquids,  as  melted  metal,  possess,  when  nufficicntljr  heated 
tlie  facnlty  of  Htuittin(r  li^lit  :  the  baiii^  pimcr  in  «*xlii1>iltNl  Uy  (•aivous 
boditat,  bdt  thu  Iriufnfruture  ri'ijuiretl  tn  r«?iiilfr  a  giu  lumitioiitt  in  iiicankpar* 
Bhly  higlu^r  than  in  the  c&b*^  alrendy  deaeritHxl.  (jat>  ur  vajwr  in  this  con- 
diliun  tviirtlitutefl  y/<imr,  tlu*  ftctnal  ti'mpfratari;]  of  which  gunerall/  excvefta 
that  of  the  wbito  hi*at  of  sniid  hodit?:!. 

TUp  light  emitted  from  puri<  lUnie  is  oftvn  exceedingly  feeble;  but  thd 
illiiiiiinating  ptiwer  may  \t*>  iiuiiifiiHely  inrroattcd  by  the  prt^senec  of  solid 
mailor.  Tlie  tlameuf  hydro}j;eu,  or  of  the  mi3C(?d  f^nj^es,  in  ficarody  visiitle 
iu  full  daylif^ht  ;  in  a  duMy  atm<>iiplitT«',  bowevrr,  it  beitimes  much  more 
lumiuouH  by  igniting  to  iuteuue  whitrnesa  the  floating  parti('l«*s  with  which 
it  cuiueH  in  ountaut.  The  piece  uf  lime  in  the  bhiw-pip<!  flame  cannot  havo 
a  Itight^r  ttfmperatnre  than  that  of  Uie  tiame  itself,  yet  the  light  it  throws 
otf  is  iiiduit4*iy  greater. 

On  the  other  hand,  it  ia  poBsihle,  as  recently  pointed  ont  by  Dr.  Frank- 
land,  to  produce  vi^ry  brij^ht  flames  in  which  no  solid  pariifle«  are  pn*srnl. 
Metallio  araenie  burnt  in  a  stream  of  oxygen  prodnree  an  intense  wliite 
flame,  although  both  the  nietnl  it»elf  and  the  product  of  il>t  combuHlioa 
(arsi'nions  oxide)  are  ganeous  at  the  temperatnre  of  the  flame.  The  com- 
bustion of  a  mixture  of  nitrogen  dioxide  and  carbon  bisjulphide  also  x""<>- 
duce«  a  daxzling  white  flame,  without  any  arparation  of  Motid  matter. 

The  c<mditiiiuit  mottt  <r9Rential  to  luminosity  in  a  tlnmi-are  a  high  tempe- 
rature, and  the  ]>ri«enoe  of  gases  or  va|X>rH  of  tNiiiHiilcrahle  den^ity.  The 
efl'eot  of  high  tiniipfiature  is  aet'n  In  the  greater  brightm-nH  of  thn  llame  of 
eulphiir,  pho5phoru.s,  and,  indp4>d.  all  sul^tances,  when  burnt  iu  pure 
oxygen,  as  wmpantl  with  that  which  ret'ults  from  their  touibuatiott  in 
common  air;  iu  the  I'nnner  carte,  the  whole  of  tht-  snlnitauceu  present  take 
part  iu  the  combustion,  and  generate  heat,  whereas,  in  the  Utter,  the  tem- 
pii-rature  is  lowered  by  the  presence  of  a  lar^o  quantity  of  nitrogen,  which 
ocmtributes  nothing  to  tho  efTeet.  The  relation  between  the  lumin4«ity  uf 
a  tlarar  and  the  ^-apor-deiisiti**  of  its  constituentti  may  W  se»'U  from  the 
following  l.tbb',  in  which  the  vapor-densities  are  rt^ferred  to  that  of  hydro- 
gen as  unity. 

lielalice  Denttttta  of  Gases  and  Va))or», 


Hydrogen 

1 

Arsenious  chloride 

909 

Water      .         .         ,         . 

.       9 

Phosphoric  oxide   . 

.  71,  or  142 

Hydroohlorio  acid   . 

.     181 

HetAllir  firsenic 

.    150 

Carlwn  dinxitle 

.     22 

ArseniouB  oxide 

.     198 

Sulphur  dioxide 

.     32 

A  comparison  of  these  numliers  shows  that  the  brightest  flames  are  thoM 
which  contain  the  densest  va|Ktrs.     Hydrogen  burning  in  cliU'rine  prndur«>a 
a  rapor  more  than  twice  as  heavy  tkA  that  resulting  from  its  cotnbur<tion  in 
oxygen,  and  at-oordingly  the  li;:ht  produced  in  the  former  carte  jn  ^tronger 
tlkan  in  the  latter;  rarltnn  aiwl  t«n1phiir  homing  in  oxygen  pri>duce  vu]f4)ra 
of  still  greater  deiwity,  namely,  carbon  dioxide  and  sulphur  dioxitle,  and 
their  oombustion  gives  a  still   bri>;bter  light;  lastly,  phosphorus,  which 
has  a  very  dense  vapfir,  and  likewise  yields  a  product  of  great  vnpor-dciisity, 
bums   in  oxygen  wilh   a   brilliancy  wbiuli   the  eye  can   scarcely  ciuluro. 
Moreover,  the   luminosity  of  a   flame  ]a  iiicreASefl  by  condt-nsing  the  hu 
rvumliug  gaat^ms  asmosphere,  and  dimini-^h^Hl  by  rarefying  it.     The  fln 
of  arsenic  burning  in  oxygen  may  be  rendered  qnite  feeble  by  rarefyiuj 
the  oxygen  ;  and,  on  the  contrary,  the  faint  flame  of  an  ordinary  spiri 
lamp  becomes  very  bright  wlnm  plae4Ml  under  the  receiver  of  a  condensin 
pomp.     Frankland  has  uIko  found  that  candles  give  much  le»9  li^ht  whe 
burning  on  the  top  of  Mont  Blanc  than  in  the  vatley  below,  although  th 
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rAt«  of  mmlmstion  in  the  two  cama  i»  nearly  tbe  B«m«.     The  effect  of  con- 

nsatjon  in  inorvaaing  the  briKhtntjes  of  n  llaiim  it*  also  »triktii};1jr  Heua 

ihi'  r<iiiilMi»ittoa  uf  h  mixture  nf  oxjr^t'n    ami    li  vilro^- n,   Hliitli   gives 

It  a  ffeblti  li^ht  when  burnt  umter  the  orUumry  fttnitinptuTic  iireuaure,  as 

till*  oxy-hydruj^en  blow-pi|M<,  but  a  very  bright  Uu»h  whvu  exploded  ia 

Cavtfnilish  «udioinMt**r  (]>.  lii^),  in  wUieh  the  wat<!r-vapor 

liicwl  by  ihtf  omubuBliou  i^  prevMUted  from  expanding. 

Ftames  burning  in  the  air,  ami  not  «iipplittl  with  oxygen 

another  souroi*,  an*.  a.H  already  atat«xi,  hullour,  the  etie- 

actiun  being  nuoMMarily  uouAued  to  the  sput  wheru  the 

two  bodies  onita.     That  of  n  Uinp  or  o&ndlo  whun  oarufully 

exAminML,  U  teen  to  consisit  of  thruo  BepArate  portions.     Tho 

dark  central  part,  easily  rendt^red  evident  by  duprctuinf^  upon 

th*f  Mama  a  pioce  of  finu  wirt^gaus«,  ot>nat«ts  of  combustible 

uiHiCer  drawn  up  by  the  capillarity  of  th«  wick,  ami  vulatiUted 

fy  the  heat.     Thia  is  surrounded  by  a  highly  luuilnouD  oone 

ir  ftnvt.-loi>«,  which,  in  contact  with  a  cold  boily.  dcjXK^itii  soot. 

^u  the  ouLstde.  a  8is:imd  couu  ix  to  Ikj  IructMl,  fei-bUi  in  itM  light- 

[iving^  pctWiir,  but  having  an  oxrt*<nliii^|y  hij;h  teni|»THtun.\ 

i«  moat  probablt'  explanation  of  thcHe  appt^uraneett  in  tm  lol- 

kwfl  :   Carbon  and  hyiir<>ir4.<ii  are  very  unequal  in  their  attrao 

ta  for  oxygen,  the  latter  greatly  exceeding  the  farmer  in  this  respect: 

lUDMiurntly.  when  both  are  present,  and  the  «npply  of  oxygen  is  limited| 

i«  hy«irn;;en  t:ik<>s   up  Ihn  greater  jmrtiun  of  the  oxy- 

■n,  to  the  exclufliun  of  a  groat  part  of  the  carlwn. 

h>w,  this  hApp«_*nii,  in  the  case   under  couttideration, 

dome  little  di!»tani-«  n  ithin  the  outer  t^urfatv  of  the 

lo — n.iiuidy,    in    tite    luminous    portion  ;     the   little 

:ygen    wbieh    ha:*    penetrat^sl    thuB     far    inwanU    is 

Illy  oousumed  by  the  hydrogen,  and  hydro-vnrbona 

re  separated,  rich   in  cartwn   and  of  great  density  in 

la    dtata   of   vapor    (uaphthab'ne,   chrynene,   pyrene, 

.).     These  hydro-carbons,  whiub  would  fnmt  Hmoko 

they  were  taxder,  and   are  <tepoMitei1  on  a  void  Uidy 

held  in  the  dame  in  the  form  of  soot,*  Ix^ooim^  inteiiKely 

ignited   by  the   burning  hydrogen,  and  evolve  alight 

wbcHe  wIiitfntwH  nt.irkH  a   very  ekival4^Hl  temperature. 

In  the  exterior  and  suaruely  viiiible  oone,  tUefte  hydro- 

oarbonA  undergo  eombuittion. 

A  jet  of  coal-gaH  cxhibiui  the  dame  phenomena  ;  but, 
the  gas  be  provlourtly  mingK>d  with  air,  or  if  air  bo 
>rcibly  mixed  with,  or  driven  into,  the  flame,  no  «ueh 
»paratinn  of  uarbon  oeoum  :  the  hydrogen  and  carUm 
trn  tnjjether,  furuiing  vapory  of  uiutii  lower  deimity, 
d  the  illuuiiuating  jKiwer  almost  disapiM-ant. 
The  common  month  bb>w-pipo  is  an  inntrumcnt  of 
reat  utility  ;  it  ia  merely  a  brasn  tul>e  fitted  wiUi  an 
rory  mouth-pieoe  and  termiuattHl  by  a  Jet  having  a 
ill  aperture,  l»y  which  a  onrrent  of  air  ia  driven 
the  flame  of  a  candle.  The  bi-st  form  in  per- 
that  iMutrived  by  Mr.  Popys,  anrl  Hhown  in  fig. 
1.2.     The  flauiH  «o  pniiluoeil  is  very  peculiar. 

ttUtMbd  of  the  double  rMivcUipi'  jiHt  de«i!ribeit,  two  long  pointed  cones 
obsQTved  (dg.  113),  which,  when  the  blow-pipe  ia  good,  and  the  aper- 

*  Boot  !■  not  pure  oarboOi  but  a  mixture  of  hesTy  bydro.«arboaB. 
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tnre  smooth  and  roand.  are  wry  well  dofln«d,  the  oat«r  oone  beinj^  yel. 
lowuU,  Aod  the  inuer  blue.  A  duabli*  ooiubudliuu  U,  iti  (act,  going  on^  by 
thu  blast  in  tb<*  insidL-,  oiid  Uy  tin-  exlmial  air. 
Tht)  f>|>aoe  between  the  inner  ami  i)Ut4<r  CDUe»  is 
(UImI  with  exntxiuigljir  hot  ci>uibui!>tib)c  luuttvr, 
poMeMin^  strong  riilueiug  or  dtHjxidixiUf;  ]Mtw> 
en;  while  the  hi^'hly  ht-ated  air  jUHt  In'voud 
the  [M>int  of  the  rxt trior  ittneuxidisi*!}  wilh  )j;ri*at 
fu'ility.  A  small  portion  uf  tuuttt^r,  supiHirlt'd 
on  a  piece  of  chanxud,  or  llxi^  in  a  ring  at  the 
end  uf  a  fine  platinum  wirt*,  l-ou  thus  in  an  in- 
stant be  expal»(<d  to  a  very  high  dogr(>o  of  ht^at 
tindor  iheAo  ooDtra«t«d  cirrunistanct-«,  and  ob- 
srrvalious  of  great  value  rnadr  in  a  wry  flhort 
thne.  The  aewof  the  instrunivnt  rt^uircs  an  wen  and  uninturriipttHl  bloHt 
of  aocH^  durntioii,  bv  a  uu-^ihtid  fAiftlv  acqiiirod  with  a  littlo  patif.'nc<>:  it 
conali^l:*  in  employing  f»ir  tin'  porpwe  the  niuiH-U«  of  the  cliM-kii  alont*, 
respiration  U'ing  i'onducti*d  thrixigh  thu  nostrilft.  and  the  niuulh  irxHu  tiiuo 
to  time  nopleniBhett  with  air.  without  iatvrmission  uf  the  blast. 

The  Argand  lamp,  a<lapt<xl  tu  burn  either  oil  or  spirit,  but  especially  th« 

latter,  18  a  very  useful  piece  of  rhentirnl  apparatui*.     In  thia  Innip  the  wick 

Is  eylindriual,  the  flame  being  suppliiHl  with  air  both  in.side  and  uutaide  : 

Ihe  iTtnihtrntinn  ik  greatly  aided  by  the  chimney,  which  is  made  of  vupper 

hen  the  lamp  is  iiHeil  o-s  a  ftoiiroe  of  heat. 

Fig.  114  exhibits,  iu  section,  an  cxuelleiit  lamp  of  this  kind  for  Imrning 

uUiibtil    or     wuod-«pirit. 
rifclli.  Fl».  116.  Ii  18  constructed  of  tbin 

oopper,  and  furniuhed 
with  ground  caps  to  the 
wiejE -bolder  and  ai^-r- 
lure,*  by  which  the  spirit 
is  inlrotiuci'd,  in  order  to 
prevent  loss  when  the 
inuip  is  not  iu  use.  (ilatis 
spirit-lam  f^ts  (lig.  116}, 
ttltivl  with  cftjis  to  pre- 
T<'Ut  evAjioratinn,  aro 
very  cfinrenient  for  occa* 
fllonal  UHe.  lM<ing  nlwiiya 
ready  and  in  order,  f 


rig.  11  A. 


When  In  um*.  ihJn  n|>efture  mutt  nlwnyi  he  open,  othrrwlse  nn  nrctdetit  fa 
B  to  liftpnon J  tl)r>  ht<«t  eapaods  the  4lr  in  the  Umm  Aod  the  ipirll  I*  forced  uut 
i  state  of  iDflamniAtloa. 

i  Tlir  •pIrll-lAmp  rejtrt>»entF<1  in  tig, 
ll«,  is  one  rontrlved  hy  1)r.  J  K.  MUrhel). 
*'It  (•  tnatU  of  tlnnvJ  Iron.  Thr  nkohul 
Is  poured  out  hy  mein*  of  the  holliiw 
hADdle,  noil  U  nilmlltrd  to  the  cj  lltidricnl 
burner  by  two  or  three  liihei  which  nre 
pl^cAil  ^r  thr  very  hofrom  of  the  fountsln. 
Il>  •iH-ti  nn  iirriinir(*meut  of  pitrts,  lh« 
ntrnlml  niny  be  ndiled  m  It  l«  ron«iimei|, 
nxu\  itii<  ntme  kept  uniform;  and  na  the 
|ii[M>"  uhlch  p«(«i»  to  the  burner  ure  tu  re- 
mote rrnni  tho  ftirne,  the  ulcohol  nevrr 
liecnrom  heated  urn  h»  Io  Bjt  off  throurh 
the  vent-hole,  nnil  fhitH  to  enuse  freairr 
wndf  «ni1  dnnecr  of  rxi'lnilon.'' 

\  •yltiuirio^l  chimney  ii  tta  sdvanta- 
Iteoiif  Addition  for  niAny  purpene*.  It 
may  be  mndr  of  tin-plate  or  oopper,— R.B, 
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In  London,  juwl  olhn*  Urge  toirns  whm^  co«l-^u  is  to  be  hjul,  it  it  con- 

lutlv  u«««l  with  tlitf  gmatcflt  euouomy  and  advuit«|t«  in  eyvrr  reepeot  m 

fioani*  tir  lit'aC.     ttetorls,  AmJu,  napsutca,  and  olhfr 
VkmvU,  can   be  IhuB  exjK*«i  t"j  an  vastly  mgulatrd  Fig.  III. 

and  iuvariable  Ic^nperaturv  for  nuiny  suoctwsivo  houra. 
Small  platinum  crucibl««  may  hv  ignited  to  rodnoss  hy 
plaving  them  ovl-t  tbt*  flame  on  a  little  wire  trianplp. 
Tbti  arraiipTiK-nt  »h'_iwn  in  fig.  117.  ooikaisting  of  a 
roiiituoD  Ar}:uud  ^ac-lnirut^r  tixml  on  a  hraTT  and  low 
fwit,  and  ojun«*<-l4-d  with  a-llrxihlr  tulM>  of  caoatchoUO 
or  oibcr  material,  i»  vt-Tv  a>nv«nii'nt. 

A  liigbtrr  tvmperrature,  and  a  ptTfectly  nnokelvea 
fluiii',  ar«,  however,  obtaiiiMl  by  burning  tht*  giu  pre- 
rionsly  mixed  with  air.  Such  a  flame  is  i>ftftily  pro- 
dao-d  by  placing  a  cap  of  wtrr-g»ui*t  on  the  chimney 
of  the  Argand  burner  just  dL>8crilM>d.  and  B*'tting  Are 
to  Ih*'  gaji  above  tb<<  wire-gauze.  Th*»  llame  dof«  not 
pi>n<^trat«*  Im'Iow,  hut  thii  gon,  in  p.vHsing  up  lht-<  cltim- 
ney.  beeomt«  mixe^l  with  air,  and  Xhii  mixture  burua  above  the  cap  with 
a  l>lue,  juiokeli-'M  Same. 

Another  kind  of  burner  for  producing  a  ■mokf'leAs  fl«m«  hag  Yieen  cun- 
trivrti  by  Professor  Uun»4'n.  and  in  now  very  grncrally  n«e«l  in  rhenihal 
laboratories,  lu  this  bunu-r  (fig.  US)  the  gas,  supplinl  by  a  flexibU  tube 
t,  pai>>8t«  through  a  Bot  of  small  holes  into  the  box 
at  fi,  in  which  it  mixes  with  atmoitpherie  air  enter- 
ing frer^Jy  by  a  number  of  hnlrti  nt-ar  the  top  of 
the  box.  The  ganeoua  mixture  paiisi^  up  the  tut*e 
b,  anii  is  iiiflaiu«-d  at  the  trip,  where  it  burns  with 
a  tall,  blue,  smokelnsfl  flame,  giving  very  little 
light,  bot  mui-h  heat.  By  arranging  two  or  more 
such  tabea,  together  with  an  air<box  containing  a 
finfficient  nnmtier  of  holes,  a  very  powerful  Imrncr 
may  be  ortnatmcted. 

Considerable  improvements  in  this  form  of  burner 
hare  been  mode  by  Mr.  Griffin,  who  has  al^  con- 
ttructed.  on  the  same  prineiple,  jH'werful  gns-furuaces,  afTonling  heat  suf- 
toent  for  the  deromposition  nf  silicates,  and  the  fiit^ion  of  ii>nBiderable 
intities  of  ropper  or  iron.*     The  prindple  of  burning  a  mixture  of  gas 

id  air  Is  also  applied  in  Hofmann's  gaa-furnaoe  fur  organic  analysis,  whioh 
will  be  deseribed  under  Organir  Chemistry. 

Th«  kindling-point,  or  ternperatarn  at  which  oombnation  oommenoM,  la 
▼ery  dilTereul  with  rliff-rent  tiiilwtauoes  ;  phfwphorus  will  ttonietiniee  lake 
fire  in  the  hnnd  ;  [lulphnr  rtMinires  a  temp«'ratureexreeflinp  that  of  boiling 
rater  ;  charcoal  mu5t  be  heated  to  re<lnt*s.  Among  gosc-ouK  bodies  the 
if  fact  is  observed  ;   hydrogen  is  inflamed  by  a  rt*<l-liot  wire  ;  light  car- 

irelled  hydrt>gen  requires  a  while  heal  to  effe<'t  the  same  thing.  When 
Bani*-  is  cooled  by  any  means  below  the  temperature  at  which  the  rapid 
oxiilation  of  the  rombn!«tible  gasorcnrs.  it  is  at  once  extingnlshtxi.  Vpou 
this  dep^fuds  the  principle  of  Sir  H.  Davy's  invaluable  safety-lamp. 

Meiilion  has  alrea*iy  Imvu  made  nf  the  freipient  disengagenuiil  of  great 
quantities  of  light  carburetted  hydrogen  gas  in  c<Mil  min*"^.  This  gas, 
miti'^l  with  »even  or  eight  tiniw*  its  volume  uf  ntni<>spheric  air,  beiomea 
highly  explosive,  taking  fire  at  a  light  and  burning  with  a  pale-blue  Ilame ; 
and  many  fearful  accidents  have  occurred  from  the  ignition  uf  large  quan- 

*  See  the  article  on  OM-buraer*  and  Furasces  In  Watti*a  DletioDsry  of  Obam- 
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m  alOP.      D>vf  ffBfWt<wlt  «t»  (nrMllgrjitum  willt  «  rirw  to 

ly  ;  Ills  lAbon  rcaaltcj  in  I 
/  lUuuf,  wUich  laJ  to  tike 


•M  fH(»|fMive  mixturv  are  ooanactcd 

.  _:.  1   ::;  I   *'»••   UtM   bjT  til*  Hevtiio  *p»rk,  «r 

otliMririw,  Ihc  datn*:  In  fvA  M^iumunicrAUvi  tutUcotht*/,  prtiviileii  tijv  «li«»' 
rtcT  of  thi^  tabf.  ill*  |i*ft;flli,  »ii'l  tti«-  i>iti«Jiiuttttg  puwtfx  fur  boat  uf  iu  '"n'-n 
rial,  tieftr  a  «>«rtjiln  |»r(iiKirt,iuD  Ui  <*ju;h  ullirr  ;  tW;  tluue  U  cjciinguUlaed  tix 
oot>tin)(,  ftfi4  lU  tfAiuuiiiiiiioD  mjd<T<-<l  iiui^cMsiMc. 

In  thin  frsi}*^r\in"nt,  lil^'i  (XfinliKliii};  IkiWit  uikI  diiniiitiihifl  diun«t«r 
oompfftttat*  for  •litiiinutt<m  in  Icii^tlt  ;  uiui  u>  hui-Ii  ati  fxl<'iit  fan  thia  b« 
carri'!«l,  that  rii'<talll';  ttntiM,  wliirh  iriay  )»>  I'irikfL  ii|K)n  an  a  H«'rU«  (if  Ti-rjr 
■  IiortAqtiArt*  tulN'».trrAii>;i'*l  nUl*)  by  «i«li-.  wli<>ii  at  ttufUt'it'iit  ilfj^rL**.'  tirilnniiiw, 
^f'Mt't  ill  til'*  tti'iitl  (M(m|ili'l«*  niAiiiiitr  tlii'  |>ujinjig<*  of  Haiti'*  in  L'Xjilmiivf?  taix- 
tartw.  Jiow  tlio  fln*-ilAiap  nilxtur*»  Uu  an  i'K  ntwliiiKly  IukIi  kiiulling  jtoiut ; 
a  ri>4l  li»>at  tlotrs  not  cauHc  lufliuiiiuatiou  ;  e<>u»«>qu«?Dity,  lU« 
rig.  119.  ii^Mit4:  vill  )h>  Hftftt  fur  thU  auUitAHcv,  wUca  lUtuv  would 

|)aR4  ill  nliiKMt  any  olh«*r  ca^e. 

The  miiirr'ji  aali'ty-lainp  is  merely  in  ordinary  oil-Uiup, 
tli<*  llniiu'  of  wliicU  ia  iiiuliiiHiii  in  a  eatcu  vt  wiro-gAiize, 
iiifvlt*  ilouMri  at  tlni  upptT  part,  containing;  alKxil  44K>npt:r- 
tiir<'!4  to  iho  ttquari)  iiiuli.  The  tubo  for  supplying  uil  ta 
lh«*  rtsHTvoir  ruat-tii^  uvar\y  to  th«  liutluiu  of  tlio  latter, 
whil**  tht<  wipk  Ailmitfi  of  hi_>inj(  triiiinuil  by  &  Ix'nt  wire 
pastfting  with  frltitiuu  tliruu^h  a  amull  tube  in  the  body  of 
thi?  lamp ;  tht)  flaoiH  can  thus  bo  kvpt  burning  fur  any 
liMigth  of  tim«3,  without  tin?  Ducv^ttity  of  uiMvri.*wing  tfa« 
ca^t*.  Whou  this  lamp  is  tAk<*n  into  un  txploHive  atmoa- 
phi.'r*\  altltou^h  thv  lir*!-dainp  may  burn  within  the  cag« 
WJlh  Hiich  (MitTf^y  an  Aomutimt^  tu  hoat  thi;  metallic  tiasuA 
to  dull  r)'«lii>*vu<,  th«  llaiue  is  out  cuuuuuuicatcd  to  tlw  mix- 
ture on  thu  outKiile. 

Thtitic  effects  may  be  ooDveaiently  Btndinrl  by  HUirpending 
the  lamp  in  a  largo  glas*  jar,  and  gradually  admitting  coaI- 
gaa  lu'low.  The  oiUtlamc  ia  at  first  elongated,  and  Ibon, 
HH  l\ui  pn)[Kirlion  of  gas  incrcaditi,  rxtingni^hfii,  while 
tht»  interiur  of  tht-  gauzv  cylindur  iMM-omtw  illl«'«i  with  the 
burning  mixture  of  gas  and  air.  As  thf  ntmosplwro  Ihi* 
coHH-e  purtT,  the  wirk  is  oncomon*  r*-lighti^l.  Tbitio  np- 
pfiarnnooii  are  «o  rumarkablo  that  the  lamp  lM>tx>nit«  an 
admirable  iiulioator  of  thn  ^tatt!  of  the  air  in  ditfervnt  parta 
of  tho  mine.* 
The  some  principle  is  ingenioualy  appliMl  In  the  constraotioo  of  Ilera- 
miug's  uxyliydrogon  snfoly-jvt  alrt-ady  nifutlnncd.  This  is  a  tube  of  braiui 
about  foiir  inL-bfS  long,  HUimI  with  Mrnighl  pitHv»  of  fln«  brasH  wirn,  the 
whole  being  tightly  wcdgrd  togi-thur  by  a  |)ointed  rod,  forrilily  uriven 
into  the  eeutre  of  the  buudle.     The  arraogumunt  tlius  presents  a  seriei 


*Thia  ti  the  true  uic  of  t1i«  lamp,  TiATiii'tjr.  to  permit  the  vl<*wpr or  Bupertntendpnt, 
without  rink  to  htiUKcIf,  to  c^tmlnc  the  itHleor  the  Kir  in  rvrry  pwrt  nf  ihr  mloe  ; 
Do(  lo  cti«hle  wurkmi^a  to  roriTiiiiir  their  lit>ori>  111  nii  iitntnii|i)if ro  tiifliltuitlly  f'X- 
ploAlr^,  whli'U  mu»t  he  unflt  for  humtn  rr«|>lr*iliiii,  nUhmiuh  thr  rvll  PlTrcl*  ran/ 
be  mIow  lu  ftpfW'ir  OMritrra  of  rotl-mlovti  Bhoiild  br  <)(im|it>l|r>i]  cilhrr  to  Mlnpl 
ptfloif^nt  menua  of  voatiutlooi  or  to  oloae  worklDgi  of  Itils  Uauyeraua  character 
altoKcLtior. 
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inetaltio  tvbw,  rerr  long  in  pn»|M>rtinn  to  tlivtr  A\- 

««^r,  lh*f  c«»«ilin(-  p«.»w»*rs  <if  whifh    sn*  fto  grent  na  to 

vent  the  [Rieiittliitity  of  Iht*  pna»iig««  of  ll&uio,  I'Veu  wllii 

auil   UvUrugi'U.     1'he  jt't  luAy  Ik*  u»«mI,  im  bt'furp 

**dt  with  A  (Mftiimuii  hlwlilt-r,  wllliotit  ilt«  (■lijinrt^ 

Mrptiv.iini.     The  fundaiufiital   fat^  uf   tfjitiK'  Ikmii^  rx- 

gubthtM  bj-  nmtju-t  with  a  witd  UxJy,  majir  U-  htrtkiii;:!/ 

owu  by  tvutliig  &  cijpjMT  wlru  iutu  a  ahurt  Hjiirjil,  alHiut 

0.1  lit.  ia  d.uuiu.*tt'r,  juul  then  piusiiig  it  m/r/  uv*<r  l)i*'  tliiiiiii 

uf    A  wax    candle;    Ihe   ljitt«:r    is    ejtliiigiimht*il.      If    tht? 

spiral  be  dow  hoated  to  reduesfi  by  a  spirit  lamp,  mui  llio 

cxporlmsnt  repeated,  no  such  vttwt  folluws. 


Compomnd  of  Carbon  and  JS'itrogen.     Cyanogen . 

Whi'H  ft  Rtn*uiii  of  ftir  in  \tMn*^i  iivi>r  a  niixturn  t*t  t'hnr- 
cual  iind  ix>tii{!>(>ium  ci&rlNjti»tt'  kt^pt  ul  a  bright  red  hcnt, 
thr  i)itn>g^rn  uf  the  air  unit<*«  with  the  cnrUm  niul  the 
potassium,  rurming  a  iMmptniTiiJ  oalhil  polassiiiiii  ryniiith', 
ouQlutiiing  :i<>  parlti  of  [K>tuiuiiuiu,  12  vt  carbi>ii,  niul  H 
of  nilr<*gt.*n,  aud  reprt'^nntiMl  by  th»  funiiula  K('N.     It  in 

rryHtalliiie  salt,  which  di.s8o|vt«  easily  in  water,  and  det-timptM 
forming  pottu»tuui  liyilrat«  and  mt*rcuric  rynnido  :— * 


2Kt'N     -I-     M/)    +     Hg<)     «     2KII0     -|- 
P<»Ur>f>ium       Water.       Mercuric       Put'^nium 
cyaalUe.  oxide.  liydruxtda. 


Mfrrtirfo 
oyiuilile. 


Now,  wbi-n  tlry  infTiMirio  cyanide,   which   U  a  whiu*  cryntnllinn  anb- 
intx,  is  Htroiit^Iy  hrntiHi  in  a  ({laitH  tulx',  f1(ti'«l  up  like  that  iiitml  for  th« 
•voliiliun  of  oxygon  frommMrcurirnxtdf  (p.  121),  it  flpUta  iijt,  tlkn  thfuxid**, 
inl'j  tufljiitic  ui«rt-ury,  ainl  a  ifAKiitiit)  Uxly  unlti^d  uyanofe'*n,  iviiiUiiiiny 
12  pArt»  liy  Wi'ifihl  "f  rnrljrm  nnil  14  of  nilro^cn,  and  ri>pri<«i-ijUw|  by  liiy 
fnriniiU  C\.      It  must  bo  colbirti'^l  nvrr  tucrmiry,  an  it  in  rapidly  ab»<jtrt»Ml 
by  wftt**r. 

Cyann^i'Q  w  a  mdnrloMi  ga»,  havln)?  a  pungont  and  rvrv  p«>(-ulia#  «4rjr« 
renuitoly  rt^t^CDhling  that  of  {H'ach-kcrnelfl.     Kxpoii«<d  Mhil<    nt  *h*-  t*<i*^ 
peralaro  of  l.'JP  C  (450  F.)  t(»  a  pnwi*urt«  of  3.>f  atiiM»-;<  .^^m 

to  a  thin,oolnrh*5»,  Irnnspamnt  liqiiiH.     It  l>t  ItdUrtMnaii  o  a 

l)eautt<ul  puq})-*  or  p<fAcb'bloaBf>niH<<dnre<l  flam*'.  .  .4^ 

auil  litK-raiinj:  nitrojron.     Ita  KiHwiAi:  gravity  in  1 
jforred  to  hyilropfn  as  iinily.     On**  rnluiuM  nl   ; 
tygt-n  yirMi*    1    vol.   nitro^rHn    and    2  vuU.  ivr 
ight«  of  (n|aal  vnluunr^  of  cyauojri-n    f'^tr...... 

2ti:l4:22.     C'onA#>qn«*ntlr,   2^  par' 
imbiiHtinn  14  (tarts  of  nitrog«'n  and  4-1  ; 
parta  of  carbon  ;  or  2G  cyano^*^  ^  iZ  vmtiiutt  ^  «v 
Wau-r  diiMolvo^  4  or  ft  tiinvn  it«  rolon*  «tf  ivmamff^ 
inch  UrpT  tiuan^ily:  the  tiolutf«m  rayMly  ^waany 
itim  nx.ilnt'*,  A  brown  tnsoliibit*  ntntt«'r,  afk4  etWtf  p»^ 
Cyanogen  unitoj'  (though  not  dir*sclly)  with  h/'tf'V7^ 
iiAiiiii>ntt  iMinpoiind  cnlh^l  hydrocyanic  or  proif 
M'talr*.  fonuin^r  cotn[Hiiin<l8  ralhsl  cyaniili<A,  atimL^'- 
id  fliarat'ter  to  tlio  idilnridev,  iodidi'x,  hr<.>iuiij«'*<.  > 
nU'mi-nt«,  rrprt-8t'iil«Hl  by  the  forninla  t'N,  r<Hii' .: 
Lii'fl.  anil  Ir  capable  of  paH!*iii^  fnmi  one  state  o( 
it  as  if  it  were*  itarlf  an  .di'iunutary  U^ly.     8u<di  A  jra,  , 
iLled  a  compound  raditle.     Wo  have  ninixflj  ^q  ^, 
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another  aiick  group,  vis,,  autiuoiiium.  Nll^.  C/aui>gnn,  however,  is  &»b1o- 
goiis  ill  its  chemii-al  n*lati(iii.H  to  the  iion-inetaUic  ulentMiits,  ehluhne,  bro- 
luiutff  oxygeo,  otc. ;  whtirvtu  aauuutiium  u  a  qoasi-uiet&l  aiulugoua  to 
putafMiiiiin,  etc. 

The  coiupouuds  of  cyanogen  will  be  further  ooiuiidurod  under  Organic 
CUciuidLrjr. 
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sumtancd  ie  a  uipuiber  of  a  very  iiapurtant  nattiral  group,  contain- 
Ing  ftltM)  imliiitf,  bruiuint*,  and  diiorinu.  So  great  a  degree  of  reeeniblAiive 
vxistB  t)vtw(Hm  thcHe  Itodios  in  all  th«»ir  chi*uiic.al  rolationH,  tiMpeoially  U*- 
tweeii  chlorine,  broniino,  and  iiHlim^,  tliat  the  hihidry  of  one  will  almofit 
serve,  with  a  few  littte  altt-'ratiuns,  for  tliat  of  the  rttit.  On  a<x:ouiit  of  tht; 
Oi!eurreuee  of  chlorine,  bromine,  and  iodine  in  sea-water,  the  elements  of 
Ihit)  group  are  called  halugeu- element  a,  and  their  metallic  oompouudi, 
haloid  roiiipou  ndH.* 

Chlorine  is  a  very  abundant  substance:  in  common  BAllit  exists  in  com- 
bination with  sodium,  it  in  mutit  easily  prepared  by  ]iouring  ittnmg  hydro- 
^loric  aeid  upon  Qiiely  powdertMl  black  oxide  of  maiignnefle  (MnO,)  iion- 

"ned  in  a  retort  or  flaak  (Og.  J21),  nnd  Applying  a  gentle  heat ;  a  heavy 
yellow  gaa  is  ditiengage<l,  which  its  the  suUitanee  in  question. 

It  may  be  collected  over  warm  water,  or  by  dietpliicrment :  the  mercurial 
trough  cannot  be  employed^  an  the  chlorine  rapidly  avtb  upon  Uie  metal, 
And  btxMmies  abttorbed. 

The  reaction  oonnifitA  in  an  interchange  between  the  2  atoms  of  oxygen 
of  the  mangani-se  dioxide  and  4  atoms  of  chlorine  from  tlie  hydrochloric 
acid,  the  oxygen  uniting  with  the  hydrogen  to  form  water,  while,  of  th« 
chlorine,  one-tialf  nniti«  with  the  uiangaueHe,  foniiing  a  ohloridv,  UnCl^ 
aud  the  other  half  is  given  olT  as  gaii  :^ 


MnO,  +  4HC1  =  2H,0  -J-  MnCl,  -f  a,. 


The  Fame  proof>8S  is  tised  for  the  preparation  of  chlorine  on  the  manu- 
facturing scale,  the  hydrnrhloric  ariil  which  ia  evolved  in  large  quantitiea 
by  heating  eommon  salt  with  Bulphuric  acid,  in  LeWane's  aoda-proeeMs, 
being  utilized  for  the  pur|Miae. 

The  waate-Iiquor  obtained  in  tho  chlorine  Tnanufactnro  conaiaU  of  an 
impure  solution  of  manganons  chloride.  MnCl,,  from  which  the  manganese 
may  be  arparnted  by  an  alkali  in  the  form  of  manganoua  oxide,  MnO. 
But  to  render  the  ninnganHge  thus  precipitated  again  available  for  the 
priKluctiou  of  chlorine,  it  must  firet  bo  brought  to  the  state  of  dioxide, 
and  thia  may  Ih*  elTccttMl  by  mixing  the  manganese  liquor  with  an  exceaa 
of  hot  inilkof  lime,  or  magncaia.  and  blowing  hot  air  through  the  mix- 
ture, hy  this  meanii,  a  crnn|>ound  of  niannantwe  dioxide  with  lirae  or 
agneflia'  «.y.,  f'aO.MnO,.  or  TaMnO,.  called  calcium  or  mngnHsinm 
anganile,  ia  form(?d,  which,  when  healed  with  liydroehiorio  acid, 
VM  off  chlorine  in  the  manni-r  alKive  described*  Tliia  ia  Weldon's  pro- 
s  for  the  regeneration  of  manganese,  which  ia  now  largely  used  both  in 
gland  aud  on  the  Continent. 

From  A\^,  the  ■?*. 
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fnr  till*  fit*par)itum  of  ohlorino  frtirti  hjr-  Vl^lIU 

Tacvi,  without  i)tt*  use  o(  any  iniinKiinMe 

m4,    liA»  Iwrii  intfiMtiic^ni   hy  Mr.  H.  Dcwoti. 

tU  in  pAitoing  «.  tuixlurt*  of  ImlnM-hlorir  lu'lil 

and  intXRvTi.  or  nir,  inr*T  niprir  xnlphiitP  or  other 

ipric  »iiJt  hr«i4>d  uy  a7»»-44MC  ('.  (t;iis-75L'0  K.),  th» 

ihlorie  acid  bfing  thou  rh'compottnl,  i\^  hytlro- 

iltiitLiig   wilU   th<-*   ftxvf'f-n,    and   1hi>  i-hloriin? 

'I  frr*-.     Thf  l««.»iit  wfty  itf  ouxlurting  the  j«n>- 

to  piuw  the  uiiXiMJ  gtu>ii4  c)v«<r  |>i(t<**«  of  (iri>'k 

in   •olutiou   of   i-ti]>ric    8ul]ihat«    Ami   driixl. 

Inaction  uf  ihu  <v)j|ier  suit  is  uot  wt*U  utxlfrKlcKKl, 

It   appo.-trs   to  UOdii^    In   lh»l   rhuut  of  pht'iiuiut-ua 

ktlnl  catalytic  or  couiai't  ai/tiuii^.     OthtT  mutJillic 

lit*  ai.i  in  a  siiuiliu  wny.  hut  h-s*  i^miph'tfly. 

I'hli)rtiiu   in  A  ri'tluw  L'-xsiiiua   Uidy,  of  ittl4ih*rahly 

ifl'.xatin;;  pnttwrties,  proiluHn^  Tirry  violent  cou^h 

til    irrilatioTi   wheu    luhakni,    evm    in   rXi-V4tl(ji(;ly 

mall  ijiiAiiiiiy.     It  U  soluhl**  to  a  ooutiiiti>rahl»«  ox- 

ritt  ill  MAttT,  that  )i<iuHi  ahvorhiiii;  at  }Z,CtO  hXumH 

nw  its  viilum*.*,  an«l  iMt|uirinK  thw  color   and  odor 

thi>  gas.     When  thm  tMluticm  in  ex|HMitl  (o  Li(;li1, 

is  «hiwly  chaiige^l,  by  dtt.'«iiiijM)«)tioQ  of  watrr,  into 

drorhlctric  ;u-id,  th«*  nxrgm  Ih'iii^  at  the  snme  tltue 

\Vh''n  luoiHt  rhiorinf  goa  \b  rxjMis^'ii   to  a  wdd  of  ff^,  yoJloir 
ore  lurnu**!,  whicli  coit5i5t  of  a  drfinitt^  nmiiMHiinl  of  chloriiit*  mkI 
^tvtiitaitiin^  It-'i..')  parts  of  thr  fonin'r  to  IMI  ..f  (in-  Utt»T. 
Clilorinc  haai  a  upttillc  gravity  of  2,47  ;  a  litro  of  it  weipltK  :^. 17344  pramR ; 
:|MMeil  to  a  pmuturv  of  ulKiut  four  atuioftpherca,  it  coudenM^it  to  a  yellow 
liuipid  liquid. 

t'Iduriiio  haa  but  little  atftaction  for  oxygPDf  its  ftnerglni  being  priari- 
pntly  I'xorte*!  t<iwardH  hydrogi-n  and  theuietaln.  A  lighti'^l  tn|M*r  plun^rttil 
iitto  thii  gan  i-ipntitiiiiw  to  burn  with  a  dull-red  li^ht,  and  rniitx  a  larg* 
ijuantity  of  «nH>ke,  the  hydrogen  of  the  wax  K'lug  ahatv  i-on^unml. 
and  llie  i-nrtMiit  ii<  p:iral<*d.  If  a  piece  of  jka|M'r  t>e  irett**d  with  oil  of 
turpentine,  and  ihrutit  into  a  bollk  filled  with  ehlnrine,  the  ehemical 
action  of  the  Intl^r  upon  the  hydrogen  ia  so  violent  ai*  tu  eaujie  tnflauiuia- 
ti<»n,  acixHiipanieil  by  a  €y)pioiis  drjioHit  of  soot.  Chlorine  may,  by  indirect 
int^anH,  lie  nDid**  t*»  i*»ml»ine  with  carbon;  bul  tliia  oooibiualion  ucvor  oo- 
cuni  under  the  mreuni^ttanctii  dewmlHMl. 

Phniphonis  takw  Hro  i.]HmUneoo»ly  in  dihirino,  burninp  wilh  a  pale 
and  fwjblv  liiminoua  flame.  Pevoral  of  the  tavtnU.  as  w.p|Kr-lear,  jm.w- 
derwl  anlimonv.  ami  arsentc,  und^rffo  cotnbnirtion  in  the  sauje  manner. 
A  mixtnre  of '.^nnl  meapuri-*  of  cblnrine  and  hydro^r^'u  exphx!.-*  with 
violrnrtr  on  the  pwf'ncr  of  an  electric  spark,  or  "n  Ihe  apphialion  of  a 
U^'ht.'il  tni^r.  hvdrorhloric  acid  pas  l^einj;  forao-d.  S^u^li  a  mixture  may 
Ih-  kept  in  the  dark  for  anv  Imjtth  of  time  withoat  ohanRe:  exposed  In 
diifuHe  .U»l(L»it.  the  two  Ka«e«  alowlj  unite,  while  ibe  dirwl  rayn  of  th« 
gun  indiif.-  iii^lAntaneoufi  explnnion. 

The  ?ni»l  rhAnteteri-itie  property  of  chlorine  la  iln  hieachlnp  fwwer  ;  (Jim 
niOHt  '•l.ibjf  or'^'Auir  i-otorinf*  prineiple*  are  iu«l.inllv  dti^oiniH^eii  and  de- 
stroyed hy  this  reinarkdble  ajjent  :  iudi;:o,  fnr  example,  which  reKists  Iho 
action  of  glrtiutr  oil  of  vitriol,  in  ci>nr^ri.-<l  by  ehl.>rin(«  int<i  a  bniwninh 
sul»l«n^*».  Ui  which  tlie  blue  i.v>lor  cannot  1m>  r»"«l'-r.*l.  The  pn^tutv  of 
water  W  i-<(«.Mifinl  to  thM«..  etiAii);i':«.  for  thegaa  in  a  ttatc  of  |»erf«cl  dryuraa 
la  lnea|Hihle  even  of  niri«4'litiK  lilmua. 
Chlorino  la  la/^vly  uswl  In  Uio  &rU  for  bleft«)itDg  Uiun  »&.  ccAtam.  %Qm&^ 


ita 
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ra)(a  for  the  manufacture  of  paper,  eto.     Fur  tbeae  purposes^  it  is  employed, 

Hoiuetiiiivs  in  llu*  statu  of  giui,  Humi.*tinus  iu  that  of  Kolution  in  walitr,  bat) 
tiMiru  fro4Uv<ull,v  in  i-umbiiiuLiou  willi  liuu',  furuiiiig  tlio  isuLtHtuucM  called 
blvjtchiug-powdt.T.  ll  U  aUo  one  of  the  U-ttt  and  uiu8t  potent  MuUitaucoi 
that  van  be  ust-U  for  the  purp^wv  of  tlizjiiitVi-tiun,  but  its  employinent  re- 
quir*:^  cartj.  blfuchiu^'-priwdir  mixed  with  wattrr,  and  expi«c*d  to  tlie  air 
in  sliaMow  veiutt-U,  becouini  eluwly  dtscttuijMML'd  by  tht*  carbtjnic  acid  of  thd 
attuotiphore,  and  the  chlorine  ut  uvulvtMl :  if  a  mure  rapid  dtaengagoiueut 
U*  HiHheil,  a  little  avid  of  any  kind  may  lw»  add<<d.  In  the  alMenoe  of 
bluuchiii^-puwdur,  vitti»r  of  Itio  melhodii  fur  ihu  produulion  of  Ihtr  gas  de- 
scribed may  be  had  recourse  to,  always  taking  care  to  avoid  an  ttxcesit  of 
acid. 

Hydrogen  Chloride,  or  Hydroohlorio  AoldillCl :  alao  called  Chior- 
hjfiirtv  iLiiil  Murittitr  Ariit. —  Tjii*!  Milistaiin',  in  a  stntf  of  snlutinn  in  water, 
hnx  long  bt>en  known.  Tlie  ga:^  is  jirepareil  with  the  utmost  eo^e  by  heating, 
in  a  llattk  fitted  with  a  cork  and  beat  tube,  a  mixture  of  couuuon  salt  and 
oil  (if  vitriol  diluted  with  a  smnll  quantity  of  water;  it  mu^t  Ik*  colIi<cted 
by  dJBplaeemeut,  or  over  mercury,  ll  i^  a  eohirleiiA  giui,  which  fumos. 
strongly  in  the  air  fnini  amdeiuing  the  alinoKpheric  ntoiHlurei  it  ha»  an 
acid.  Hiiirocating  odor,  but  is  much  iesA  otl'enaive  than  clilorine.  KxpoBud 
to  a  pressure  of  40  atmospheres,  it  liquefies. 

Hydrochloric  auid  ga«  had  a  density  uf  i.2tii)  compared  with  air,  or  18.25 
compared  with  hydrogen  oh  unity*  It  is  exceedingly  soluble  iu  water, 
that  liquid  taking  up,  ut  the  temp4-rature  uf  the  air,  about  418  timea  ita- 
bulk.     The  gas  and  solution  are  iMiwertully  acid. 

The  action  of  sulphuric  acid  on  common  ball,  or  any  analogous  substance^. 
Is  explained  by  the  ecjualion, 

2Nan  -f  UjSOj  s  Na^SO,  4-  SIICl. 

The  oompoHition  of  liydrtM-hlnric  acid  may  tje  determined  by  ajntliesis  i 
when  a  meuHurn  of  chlorine  and  a  meaiiure  of  hydntgen  arc  fired  by  titel 
electric  spark,  two  mea»ure«i  of  hydrochloric  ocitl  gas  renull,  the  oombino-j 
tion   being  unattended   by  change  of  volume.     By  weight  it  contains  3&. 
parts  of  chlorine  and  1  part  of  hydrogen. 

Scilution  of  hydrochloric  acid,  the  liquid  arid  of  comm»»r«»,  is  a  rery  im- 
jrftrtant  preparation,  and  of  extensive  ump  in  chemical  pursuits:  it  its  best 
prepared  by  the  following  nrrnnc^'m^'nt : — 

A  large  glass  flask,  containing  a  qnnnlily  of  «>mmon  salt,  is  fitted  with 
a  cork  and  b^nt  tulw,  in  the  manner  n-presented  in  fig.  122:  this  tul)e 
passes  through  and  belnw  a  setvind  tnbe  into  a  wide-neek»tl  liottle,  con- 
taining a  little  water,  into  which  th*>  open  tnW  dips.  A  h*'nt  tnl>e  in 
adapt^Hl  to  anut)i»r  hole  in  tho  cork  of  the  wash-bottle,  so  as  to  convey  the 
purified  gas  into  a  quantity  of  distilled  wat*»r,  Ity  wliich  it  is  instantly 
alworbi^i :  the  joints  are  made  air-tight  by  melting  a  little  yellow  wax 
over  the  corks. 

A  quantity  of  snlphnric  arid,  abont  eqnal  in  weight  to  the  salt,  is  then 
slowly  intr^t-lnced  by  the  funnel  :  the  disenpartKl   cas  is   at   first  wholly 
absorlh-d  by  (he  wat«^r  in  the  wii>.h-lK»ttIi*,  but  when  this  UHNmies  saturated, ■] 
it  passea  into  the  second  ve«**el,  and   there  dissolves.     Wlien  all  the  aeidf 
has  heon  added,  heni  may  Iw  npplte4l  to  the  flask  by  a  charc*»al  ohanfferi' 
nnlU  it*  Contents  app'smeBrly  dry,  and  the  evolution  of  gas  almost  cease*,' 
when  the  prnwss  may  ht*  stopiK-d.      As  mnch  heat  Is  given  out  during  tl» 
C4>ndensation  of  the  gas,  it  is  newasary  to  surround  the  eundcnslng  vessel' 
with  e»>lfl  water. 

The  simple  wa^h-lKHtle,  shown  in  figure  122,  will  be  found  an  exoeed- 
iogly  useful  oontrirance  in  a  great  number  of  chemical  operatioxia.     It 
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tftrrofl  in  th(»  prt^ptit.  and  in  many  Bfmilar  CMtes  to  rtftain  an.r  lEqnid  or 
solid  matUT  luecliiuucaUy  carried  ovrr  with  tho  gas,  and  it  may  bv  always 

Fig.  ISS. 


ed  irlien  a  gas  of  any  kind  ist  tr>  he  p&ss<m1  through  an  alkaline  or 
other  ADlntion.     The  op«n  lubi'  dipping  into  tlio  liquid  prvvvutti  Uit*  crea- 
tion of  a  partial  vacuum  by  alMorption,  and  thu  liquid  of  tho  second 
TesHol  fntiii  }iv\n^  driv<?n  into  the  fir?»l.  Fig.  123- 

The  arran):eni(*nt  by  which  th«  acid  ia  intmdncMl  alao  desnrrca 
LjA  moment's  notice  (fig.  123).  The  tube  ih  bent  twlcf  upon  itm<lf, 
■IJind  A  bulb  blown  in  one  portion  :  the  liquid  poured  into  the  fiin- 
I  BaI  rises  upon  the  opposite  Hidt^  of  thu  firal  bend  until  it  readn*ii 
I  tlMMeoud;  it  then  Hows  over  and  ruu«  into  th«  flask.  Any 
quantity  can  then  ht*  got  into  the  Inttor  without  th*^  introciuctton 
of  air,  and  without  the  cHcape  of  ^as  from  the  interior.  Tho  fun- 
Did  acts  alHo  aa  a  kind  of  safely-valvv,  and  in  botlt  directionn  ;  for 
if  by  any  ohanee  the  delivery-tnb4>  bIiouM  ht*  Btoppinl,  and  the 
iKsu«  of  ffSH  prevontod,  ita  InereaDed  (jlaHlIo  force  8*>on  drive?  the 
little  cnlumn  of  liquid  out  of  the  tube,  tbn  jfan  et*rapt>s,  and  (he 
vessel  is  saved.  On  the  other  hand,  any  abttorption  within  ih 
quickly  lYimpfinBated  by  the  entrance  of  air  through  the  liquid  in 
th*<  hulh, 

The  plan  employed  on  the  lartte  scale  by  the  mannfaoturer  Ib 
th«  iiame  in  principle  as  that  rlpsrrilM-d  :  he  merely  r^PilintituteH  a 
l&rge  iron  eylimler,  or  apparatus  made  of  lead,  for  the  flask,  and 
vwwel*  of  stoneware  for  those  of  glaxit. 

Pure  solution  of  hydrochloric  arid  i«  tram^parent  and  oolorless  :  when 
ttroog  it  fumes  in  the  air  by  «Tolring  a  tittle  gas.     It  leaves  no  reaidue  on 


sal- 
of 
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tfratx>ration,  and  gives  no  preeipitat*'  or  opa<^it^  with  diluted  solatlon 
baniiui  iililoriiiu.      VVheu  AAliirjilviU  witU  thu  god,  it  hab  u  f>pccific  gravil 
of  i.'Zlf  liiid  (umtjuiia  alKMit  4'1  [i**r  omiI.  of  real  ai-iil.     The  cuuuuurcial  arir 
wlUL-h  u  (tbuiiio*!  in  iiiiiut^uiirquiiutit/  tu,  a  si-couilar/  product  in  thv  uianu- 
faitturw  of  etudiuiu  btilphftte  by  the  autiou  uf  tttilpliuric  add  U]M>n  coatuion 
■,%lt,  han  tiiiiially  a /isUow  oiliir,  and  in  ver/  iuipur«,  tontaining  6alt«,  go]. 
ptiuriti  acid,  <<hloridc  of  trim,  and  urgaiiic  iDatti.>r.     ll  may  be  rendered  si 
lloiimtly  purt*  fur  uuMt  purpu&us  by  diluting  it  to  the  dvn»ily  of  1,1,  wbi( 
hJipjx'iut  when  th*9  Htruug  ooid  in  niixiMi  with  itri  own   hulk,  or  rather  h 
of  watiT,  au'l  ihuD   distilling   it  in  a  relurt   furuitilied  with   a  Liehij 
oondcniurr. 

Un  distilling  an  aquooaa  Roliitlon  of  hydrot'hlnric  add,  an  acid  h  pro- 
diicMHi,  builijig  at  UlfO  C.  (23*>0  K.)i  which  n>ntains  20.22  jht  evut.  of 
anhydrouK  hydrochloric  a«id  :  a  luon?  conci-ntralwi  solution,  wlifn  houtt.'d. 
gives  off  hydrof;hlorio  acid  gad  ;  a  WL-ak-T  Holuliou  lost-s  WHt<T.  U<i»ct  ~ 
and  Oittmar  hav>*  proved  that  thv  uomptj«ition  of  tb«  distillatt*  vams  wl 
tho  almii«ph«fric  pru^aure  ;  it  cannot,  thcrvfons,  be  viewed  aa  a  chemit 
ooinpi'und. 

A  crystalline  hydrate  of  hydrochloric  acid,  having  the  ootnpotiition 
HC1.2ll/>,  is  formod  by  paitHing  a  Atreum  of  iiifnrl/  dry  hy<lr<iclilurii>  acid 
gafl  through  thi*  oonc4)ntrat«d  aqueoiu  Add  c(K>lcd  by  a  frcvzing  luixturc  to 
—  22"^  (.'.  ( — 7.*P  K,).  Tlio  crystnU  dt»com|>o««  rapidly  in  tin*  nir,  uuiit- 
tin^  wliito  fuiui'ji ;  they  dissnlvo  vory  quickly  in  water  at  ordinary  teuipc*  ^ 
ratunit ;  very  hIowJjt  at  —  ISO  c.  (—  [)A  K.)  H 

Mixtun^uf  anow  and  Itydrochluric  add  fonn  very  powerful  and  econo-^| 
mical  r<!frigL>rantA.     With  two  parts  of  .snow  and  1  part  of  the  avid  a  lower- 
liig  of  temperature  to  —  320  C-.  ( —  25. 0^  V.)  in  readily  obtained.'* 

yitro-AydrorJtlorie  Arifi. — A  mixture  of  nitrlo  and  hydrochloHc  add  haa^^ 
long  Iwen  known  under  the  nam©  of  nrfwi  rct^ia,  from  its  property  of  dia-  ' 
fkdving  gnld.  When  those  two  nnbflt«ni<'S  ore  heated  together,  thev  bulli 
undergo  de(itmp(Hition,  nitrogen  tetn'xide  and  dilorine  W-ing  evolve<i. 
ThiM,  al  leaat,  ap|>eara  to  bo  the  llnal  reault  of  the  ot-tinn  :  at  a  certain 
alagn,  however,  two  piHTiiliar  fliibatane*^,  conalBtiug  of  nitrogen,  oxygen, 
uml  chlorine  (ehloronitric  add  gas,  N0C1,»  and  chloronitroua  gas,  NOC'l), 
app<*ar  to  U*  fornie<l.     It  Ia  only  the  chlorine  which  attaoks  the  uielal. 

The  presonet)  of  hydrodilorio  acj-i,  or  any  other  Holuhle  chloride,  !«  easily^ 
detected   by  tiolulitui  "f  silver  nitrate.      A  white  curdy  precipitate  in   pr< 
dueed,  inHohible  in  nitria  aoid,  fr<.'«ly  soluble  in  ammonia,  and  anbjoct 
blaukeu  by  exposure  to  the  light. 

OxuUs  atul  OsyaruU  of  Chlorate* 

There  jire  four  oxjaddn  of  chlorine,  which  may  be  regarded  as  oxides  ot,\ 
hydrochloric  add  :  thun-^ 

rromi>o»U!on  hy  wriRht 


Formula. 

Uydrugen. 

Chlorloc. 

Oxygen. 

Ilydrochlorlo  add, 

HCl 

4- 

Sfi-'V 

Ilyjiot-hlorttua  add, 

lino 

f 

35.  r. 

-f 

1(1 

t!hltiriiu«  add, 

HCHl, 

i- 

35.5 

+ 

32 

rhlnric  add. 

ncu>- 

h 

3.5.6 

+ 

48 

Perchloric  add, 

HCIO^ 

4- 

3.1,5 

+ 

U 

The  AnbydrottB  chlorine  oxides  onrregpnnding  with  hypochloroos 
obloroiu  acid«  are  also  known,  nnmely — 


■Pierre  and   P  u  chot ,  CotnptM  reoduo,  IxuLtl.  tt. 


m^kJk 


CnLOftlNB. 


1«I 


Ohlorlse. 
Chlorne  mmoxide,  or  TI^^hk  )      ^^  ^ 

ditorou  oxidf,  Cl/>     •     •) 
CUorinetrioxid«,  orChloniua  I      »,  r 


Olitarlii*. 

3.Vfl 

S5.A 


Oftygra. 

1<( 


48 


Also,  an  oxide  to  which  then  U  no  oorreapouding  &ciil,  nmnt^ly— 


ChlortD«  tetrozide,  ClgO^ 


Chlorlae. 
2  X  35.ft 


+       M 


The  oxides  oorrespondiugwith  obtorlc  and  pvrchlnrio  add  huve  not 

ilaiuvd. 

ll/poofalomafi  ind  ohlnric  a'-ids  urf  priwlurml  bjr  th*  Action  of  rhliirlno 
ctTiaiii  m*!taUic  oxides  iti  prvsfiic«nf  wnliT  ;  hyiHwIil'inMin  «nd  nlilnnjua 
•U  aUo  by  direct  oxidation  of  bydnn^bloriu  %cui,      IVrnblnrlo  Aoid  und 

duriou  t«troxide  roinlt  from  thu  ducoinpiMltiou  of  ohlorio  acid. 

Hypochlorons  Ozlde.  Acid,  and  Salts. — Tho  oxidu  La  b^-at  prcpartMl 
by  I  ho  action  of  chlnrine  paa  ni»oii>!r_v  irii-n'urio  oxidn.  ThUuxtd*',  pro- 
pared  by  procipitatiou,  and  dri*^!  by  expoNuru  U*  n  Hlroiig  lirjtt,  in  jiitrv^ 
duoed  into  a  gUuB  tube  kept  ooul.  and  will-waabod  dry  chlnriiii!  gju  l« 
)wlr  pastttid  over  it.  Mercuric  chloridt!  (Ilg^'l,)  and  hyiKwblor'mii  oxld« 
ihpndiy  fonn<*>l ;  tb*?  Utti-r  ii  oill^-ct.-*!  Iiy  dl^pl.-in'timnt.  Tb»«  ri^aptioti 
ich  it  id  pri>duc4yl  in  rcpn^^'ntAHl  by  the  equatlun, 

2HgO  +  a,  =  Cl,(»  +  HgCl^ 

The  n0mrift|MKii%  howAvrr,  Atma  nut  remain  a«i  mioh  ;  it  tynuMooft 

with  uolkv pvllMI of  Ifca  oxide  wlit*a  tiie  lattA^r  la  in  '^t'oxx,  foruilng  a 

paoaliar  famni  oeaponiwl,  an  oxycblortdti  of  lucrcury,  ' 

romarkabte  that  lli«  crptaJUne  merrarii:  oxtdv  prvpar- 

jttratc,  or  bf  the  diroct  oxidation  of  tU*i  untal,  ia  m*/*  <  1 1^ 

lorine  tttidiir  lAi«  ciream9tatu-«s  df-ftcrJU-d. 

Hypoohlor^u  oxide  U  a  |*alt>-yHUow  |^a»fM>uii  tnidy.  iHiutalcii 

meaiurta,  two  iD«a*ur«4  of  chlorin^r  aiid  one  of  (>x.>)£*'it.  hi 

analngovt  a  aoiustituiiun  to  waiT.     It  i-xplofl^*,  jilti^ui 

'at  rfnItfQor,  by  alight   «b'valHni  nf  trmpt'raturr.     Ii 

quite  ill  gin  ill   tr*na  tbM  of  rhlorintv      Wh<Mi    th. 

I  ich  the  g9»  te  rrvmi^ 

|r0  nf  iiv  aad  aaJ!.  lt<- 

»wly  solnlila  Im  mmLa.  an  i 

liypoehlormm mad  m  iiradu 

itrr :  alao  by  ^amam^  »ir  )■ 

A  aolutjun  of  petaHtea  pfirn 

jmd  ljeat«d  in  a  vafter-batli 

Id,  fomuid  hy  ondatino  vf 

a  metallic  hrpodiloril«  <• 

pasainft  thlornw  gaa  inl" 

ining  nbPtallic  oxidea,  hy.). 

.,  the  moat  vlTantaKeon^  f<>r  trj<'  [c 

carbnnat**  ObAlk),  ('a('<l„  tho  i 

cido.  caltnum  L-liloride,  and  hyiahili!  i     ..  ^..., 

CaCO.  +  H,0  -I-  C!*  —  CO,  +  CrtO,  4-  JH- 

Tbf  oquenua  Holutlon  of  hypor1i1orou«  nolil  ^ 
tt«>,  and   m  charaotrTiBtic   sweetish  emell. 
rapidlv  erea  wli«n  kept  Ja  ice.     The  dilut«  ^qa  ^^^ 
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ooinpoge<l  hy  long  boiling  Into  ohlnri'^  ncid,  water,  chlorine,  and  oxyg< 
HyiirooUlurio  add  deuuuiposus  it,  vritU  fonuatiun  of  cliturino : 

IICIO  -f-  U(J1  =s  H,i>  +  CI,. 

It  U  a  very  powerful  bleorliinp  and  oxidizing  agent,  converting  nian.v 
the   t'I«ii»*ntj< — iixlino,    selenium,    and    ar»«.mio,    for    (.'xani^lu — into    tlu 
highest  oxiili^,  and  at  the  aamo  time  liberating  chlorine*. 

Meialdc  h^ftwhhriiM  uiav  Iw  uhtAined  iu  IhH  puru  state  by  noutralizi] 
liypochloroiu  aci<l  with  inHia.llic  brdroxides,  sui:h  aa  thoae  of  Bodiuin,  cal- 
viuiUf  uopptir,  titi\  :  but  tlioy  aro  uduatly  prepared  by  pasifing  chlorinn  gas 
into  Holutioutt  of  Alkfilics  or  alkaline  carlmnati-fl,  orovrr  thcdry  hydrnxidf?a 
uf  the  ti^nrth-mittals.  In  thin  prooi^fl  a  luftallic  chluride  is  formixl  at  the 
satnti  timL>.  \Vilh  dry  ttlakt-nl  lime,  for  vxauipUs  which  is  a  hydruxiil*^  of 
flaloiiua,  Call/),,  tho  pruductfl  are  calcium  hyp(K:hh>rile,  CaCl^Og,  calcium 
ohluridu,  and  watiT : 

aCaHjO,  4-  CI4  «.  CaCljOj  +  Caa,  +211/). 

Tho  salts  thu?  obtainiNl  orjnstitute  the  blvinohinp  and  diitinfooting  fialts 
oominercv.     They  will  Xtv  mure  tuUy  dutcribvd  uuilur  tho  hvoA  of  C'alciui 
Salts. 


Chloroofl  Oxide,  Aold,  and  Salts. — Thn  nxido  is  proparod  by  heal 
in;?  in  n  lla^k  fill»'<l  lo  the  »t*ck,  a  mixture  uf  four  parts  of  potuiisium  ohU 
ratt>  and  W  part**  uf  ars^'nious  nxidu  witli  12  ]>artti  of  nitric  acid  provtoUhly 
diliiUvl  with  4  parU  of  wattT.  During  tho  0(>eration,  which  niunt  Im 
pcrformiHl  in  a  waliT-balh,  a  grwnish-ycUuw  gua  iii  cvohtsl,  wiiich  Ih 
permanunt  iu  a  fn.<L'xing  mbclitru  of  icti  and  Rult,  hut  Iiqn4-nablu  by  ^xtri-mu 
cold.  It  dUitolve:*  friM'ly  in  water  and  in  alkaline  ^oUitiunH,  fprming  clilo- 
r<ms  acid  and  m<'taUio  clilorites.  Th«  r«actiuu  by  which  chlorous  oxidr  iit 
fi>rmivl  iH  soraowhat  roinplicjitcd.  Tho  ars.'iiioufi  oxido  dcprirca  tho  nitrio 
acid  of  part  of  its  oxygen,  reducing  it  to  nitrous  acid,  which  is  then  reox- 
idiztid  at  thti  vxpuusu  of  the  chloric  acid,  roduoing  it  to  chlorous  oxide: 

2\\cM\   -f-    2rixOj   -»   2IIX0,   +    HjO   +   n,o, 

Uliluric  Nttrnua  Niirio  Chloruua 


noltl. 


acid. 


acid. 


oxlUe. 


Chlormu  And  may  be  proparod  by  pondenstng  ohlorous  oxide  In  wal«sr, 
or  by  d'-ivm^NTsinj^  a  rui-tallir  chloritu  with  dilute  sulphuric  or  phr«phorio 
acid.  Iu  ixmcontral»«l  solution  \a  a  grwniah-yellow  litiuid,  having  strong 
bloaclUng  and  oxidizing  properties.  It  does  not  docomp(.>i*e  carlK>natus,  but 
acts  atrongly  with  caustic  alkalies  and  earths  to  form  chlorilds.  ^1 

Chlorine  Tetrozide,  Cl^O^. — When  pnta^twlum  chlorate  Is  made  into  a 
pa-^Ii'  with  coii'^^-atralrd  :*iilphuric  a<iil,  and  oooI*hI,  and  this  paMe  is  very 
iiautioiirfly  hcitttil  by  warm  water  In  a  small  glass  reU»rt,  a  deep  yellow  gaa 
(Vulvt'd,  which  is  tht'  bcuiy  in  tjuestion  ;  it  mn  K'  ottllected  only  by  dis- 
4*Tnent,  since  mercury  de<^mp<»s*^«s  and  water  al»snrbs  it. 
Ehlorine  totrozide  has  a  powt^rful  odor,  quite  different  from  that  of  thej 
ding  Dompoands,  and  of  chlorine  its«*lf.  It  is  excwHlingly  exphMiv«, 
being  rcsolvtxl  with  riolcnoe  into  ita  elements  by  n  temperature  sliort  of 
the  boiling  pwnt  of  water.  Its  preparation  is,  therefore,  always  attended 
with  dang4*r,  and  ohonld  he  pi*rformeil  only  on  a  ftmall  nojile.  It  is  Mtm- 
poMed  by  meaaure  uf  one  rolume  of  chlorine  and  two  volumes  of  oxygoDi 
ooadMaed  into  two  volumtts.  It  may  be  liqa^^fityl  by  <yt1d.  The  iktlutiom 
'iiljiiii^—  in  water  hleaohts*. 

TM  mie/>ioriru  of  Dary,  prepared  by  gputly  Iw^atliiir  pitt4A«iiint  cltloral 
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with  dnate  hjdrockloric  ftcid,  u  probnbly  «  mixture  of  chlorine  tctrozide 
and  free  dilorinff. 

Tbti  productiou  of  chlorine  tetroxide  from  potassium  chlorate  and  sul- 
phuric ar.i(l  d«pt>nilA  u^kui  ibi?  i^iioulaneuUM  ttpltttiii^  nf  llit'  chlnrio  sold  into 
chloriuu  teU'uxide  und  |»crclilunc  uuid,  which  latter  reuiaiiu  as  a  potiifiaium 
aadt. 

PotaMium     Ujrdrocca  HydrogeD     Potiulum 

eblontte.       salphste.  pcrolilorate.    ■ulphftte, 

■Wht»n  a  miilore  of  potas.4]iim  chlorate  and  sugar  is  touched  with  a  drop 
of  oil  o(  vitrtiil,  it  in  iiititautly  i»<>t  on  liiv,  the  chlurine  tftroxidt^  diM.'iigagt*d 
beiug  de<.'jjni|K«*'d  tiy  the  rniiihiinlihht  8nlj9tan«-i<  with  such  vioh.'iici*  as  to 
lBllUAt>  intliLUiiuatiou.  If  cryritalu  of  potaifttium  diloriLtt.*  W  thrown  into  a 
gtaHri  id  w»lt'r.  a  few  Amall  fro^iuinitit  u(  plnniphortiM  addt*d.  and  t]i**n  oil 
of  vitrinl  ]>ourt^d  down  a  tiarruw  ftiiin«-l  rf-a<-hnig  to  the  Imttnni  of  the  glass, 
the  plicxiphoruA  will  burn  beneath  the  surface  of  the  wat>T,  hy  the  n»Bt!it- 

Uie  of  the  ox/gen  of  the  chlorine  tetroxidt*  dUengRge<l.  Tlie  liquid  at 
Hoiue  tiuu!  heootutai  yrlluw,  and  aequirus  thn  ulor  of  that  gafl. 

Chloric  Acid,  HCIOj.-— Tliis  is  the  most  important  compoand  of  the 
jrica.  When  chlorine  is  passwl  to  saturation  Into  a  moderately  Etrong 
hot  solution  of  potassium  hydroxide  or  carbonate,  aud  the  li>)uid  c«tiifrn- 
trated  by  eva{>oration,  it  yielils,  on  cooling,  flat  tabular  cryalata  of  a  color- 
leu  lalt,  oonsiflting  of  potatutium  chlorate.  The  mother-liqnor  contaiuH 
putamiium  chloride  :^ 

3K,0     -\-     C\ 

Fot«*«lum 
oxide. 


=     SKCl     -I-     KCIO, 
PotAMlun      PotiMlun 
ohlorlde,  ehloriite. 


m 


Prom  potassium  chlorate,  chloric  acid  may  bo  obtained  by  boiling  the 

t  with   a  solution  of  hydruHiKwilicie  acid,  wliieh    fumift   an   aluuwt   in- 

luble  jmtaiHium  salt,  det^ntin-;  th«!  clear  liijuid,  and  digesting  it  with  ft 
little  milieu,  which  remore«  the  excess  of  the  hydrofluoidlitiiti  add.  Filtra- 
tion llirough  pftlHT  must  l>e  avoide<i. 

By  cautious  evajHtration,  the  acid  may  be  bo  far  concentrated  as  to 
assume  a  syrupy  consistence  ;  it  Ij*  then  very  easily  deconip<*e<l.  It  Kouie> 
tiniei^  sett  tire  tn  paper,  nr  other  dry  ort'nnic  matter,  in  oftnst^quenre  of  the 
facility  with  which  it  is  deoxidizud  by  ctunbtistihle  Ixnlieg. 

The  chlorates  are  easily  reeoguized  ;  tbt-y  give  no  precipitate  when  in 
solution  with  silver  nitrate;  they  evolve  pnro  oxygen  when  beoted,  pass- 
LJig  thereby  into  chlorides  ;  and  they  oflord,  when  treated  with  sulphuric 

(I,  the  characteristic  explosive  yellow  gas  already  described.     The  dilnte 

ution  of  the  acid  hoa  no  bleaching  jKiwer. 


Perchloric  Acid,  nrio,. — MHien  powdere<l  potassiiim  chlorate  1b 
thriiwu  by  small  portions  at  a  time  into  hot  nitric  aeid,  a  change  takes 
plaet*  of  the  same  description  as  that  which  hapiM'ns  when  sulphuric  a^^id 
is  nsM,  but  with  this  important  difference,  that  the  chlorine  and  oxygen, 
iiuteadof  Iwing  evulveil  in  a  dangerous  state  of  ronihination,  are  emitted 
in  a  stale  of  rni>/«rc.  The  retnltof  the  actinn  is  a  mixture  of  |»otnB»ium 
nitrat4>  and  perchlnratc,  which  may  be  readily  separate*!  by  their  dilferenoe 
of  solubility. 

Perchloric  acid  is  obtained  by  distilling  pntftssinm  perchlorate  with  sul- 
phuric acid.  Pure  perohlnrif  acid  is  a  colnrless  licjuid,  of  1.782  ap.  gr.  at 
15..'»o  C.  (COO  p.),  not  solidifying  at  —  3.10  V.  (—  'MO  F.);  it  soon  becotnea 
ootored,  even  if  kept  iu  the  dork,  oud  after  a  few  wceka  decomposes  with 
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(*xpl<>;fiun.     The  vajmr  of  perchloric  aciii  ia  transparent  and  oolorlf»ti :  in 
oiintnct  with  moist  air,  it  piiKluc«w  dvusv  white  fum^.     The  acid,  when 
uiutiously  mixed  with  n  amaU  quaniitvuf  waiter,  Roliditle^  to  a  cryatalU 
uia»s,  which  in  a  cuuipound  of  pvrolilorie  Acld  with  ontf  molfcule  of  watc 


IICIO4  +  H,(>.  Wliwn  bitiiiglit  in  cuntaut  with  rarUm,  ether,  or  other 
organic  Biibstauofs,  jtc-rchloric  acid  expliMles  with  nearly  as  much  violence 
aa  chluridt*  of  uitrttguu 


Compound  of  Chlorine  and  Kitrogeo,  NCI,.— -Whvn  sal-amrooniav 
or  aniiiionia  iiitraU?  is  diasolvi^  in  water,  and  a  jar  of  uhh>rine  inrtrtetl  in 
thti  Botution,  tht>  gas  Is  ahuorbod,  and  a  deep  yellow  oily  Ilqnid  is  obsorred 
to  collect  upon  tbu  nurface  of  the  solution,  nltimately  sinking  in  globul 
to  thu  bottom.     This  Ih  nitrogen  chloridOf  one  of  the  most  dangerous! 
explottivf  fiu1w>tann*H  known.     The  following  ia  the  nafuat  method  of  co 
ducting  the  rX]iennii*iit  : — 

A  somewhat  dilute  and  tepid  solution  of  pure  sal-ammoniac  in  distill 
water  l»  i>ourod   into  u  clean    bikHiii,  and  a  Itottte  of  chlorine,  the  ]ieek  o: 
whicli  Ik  4uit«  friNi   from  grease,  inri-rted   In  it.      A   shnllnw   and    h 
leaden  cup  is  placed  benealli  the  mouth  of  the  boltle  to  ooUeot  the  produnt, 
When   enough  has   been   (ditained.  tlio   leaden   vessel  may  be  withdraw 
with  ita  dangeroUH  o(mtont«,  the  chloritlo  remaining  eovercil  with  a  stratum 
of  water.     The  operntor  should   protect  hiii  facu  with  &  strong  wire-gauze 
mftftlc  when  experimenting  upon  this  aubstanco. 

The  change  may  be  explained  by  the  equation — 


NIl.Cl  -1-  6Cl  =  NCI3  +  4nci. 


Nitrogen  chloride  is  very  T<»!atile,  and  its  vapor  is  exce««dingly  irritatinr 
to  the  eyes,  it  has  a  spectflo  gravity  of  1.UA3.  It  may  be  distilled  at  71^ 
C.  (ItJOO  F.)»  although  the  experiutent  is  attended  with  great  danger. 
Between  93<^  C.  (200b  F.)  and  HI[P  i'.  (2210  F.)  it  explodes  with  the  muflt 
f*"arful  violence.  Contact  with  almost  any  t-ombustible  matter,  at*  oil  or 
fat  of  nny  kind,  detennineit  the  explosion  at  common  lemiwralun>s  :  a 
vessel  of  jiorcelain,  gla8.s,  or  even  of  cast-iron,  is  broken  to  pietN's,  and  tho 
leaden  cup  reec-ives  a  di'i>p  indentulittn.  This  bo«)y  ha^  usually  been  sup* 
posud  to  contain  nitrogen  and  chlorine  in  the  pro]tortion  of  14  parts  of  lliA 
former  to  l(Hi..'»  parts  of  the  Utter,  but  n'c«'nt  experiments  upon  the  oor- 
ret4p4^»nding  iodine  compound  (p.  186)  induce  a  belief  that  it  oontaint 
hydrogen,* 

Chlorine  and  Carbon. — Several  componmlB  nf  rhiorine  and  rarlKin  are 
known,  num.ly,  1,(1,.  1/  I„  T/'l,,  and  fT'l,.  They  are  obtainwl  indirectly 
by  the  action  of  chlorine  ujion  certain  organic  compounds,  and  will  be  de- 
aeribed  under  Organic  Chemistry. 

The  Oj^vchloridf  nf  Carbon,  COCl,,  called  also  Carboni/l  Chloride  and  fftw- 
yene.  has  been  already  mentioned  (p.  1G4). 


I 
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Atomla  welcbt.60.    Symbol,  Br. 


BnouiRVt  was  dlseorerAd  \tr  BaUrd  in  1R2B.     It  \%  fnnnd  in  sea-water, 
and  is  a  frequent  cuui>tiluenl  of  saline  ttprings,  chiefly  as  magnesium  bro* 

*  Tndtrnil  of  ^Cl:b  It  mxv  In  renlitjr  bo  NHOl^  orini|01 
f  Prom  0piM9t,  I*  nolvuuir  aiuolL 
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a:  ft  oelebnil«d  apring  nf  iho  kiwi  tixista  neftr  Kreuxnooh,  in  Pnu^i^ 
online  may  be  obtiuiuti  piirM  hy  the  following  proctuis,  wlucli  depend* 

m  the  faot  that  rlhrr,  aj^ntAted  with  an  iu^u»out*  fiolutiou  of  hruuiiue, 
mores  the  greater  part  '.if  that  subsljuiue. 
The  tnolhurliquur,  from  which  the  leis  soluble  sails  have  sepAl'ated  by 
>  litaUixation,  ui  exjxwiMl  to  a  iitxcain  uf  chlunne,  and  then  ahakfu  up 
Ih  ether;  Lho  cUlurinu  deooiuiKMuii  the  uia^utwium  broiuide,  and  lh« 
her  di8?4oU(M  the  brotnino  thu^  net  free.  On  standing,  the  elhure&l  hoIu- 
n,  having  a  fine  red  color,  separates,  and  may  be  removed  by  a  faunel 

pipottfl.     Caufitic  potash  is   then  ailded   in  eK»-«*.H.s,  And  heat  apjill*^  ; 

mtde  and  bromate  of  polasi^ium  are  formed.    The  solution  is  evapuruted 

Irvness,  and  the  talino  matter,  aftvr  ignition  to  reduuss  to  decompo»Q 
V  liromate,  is  heat"*!  in  a  :imall  retort  with  manganese  dioxide  au<l  sul- 
urio  acid  diiut^l  with  a  little  water,  lh<?  neck  of  the  retort  Iwing  plunged 
to  oold  water.     Th?  bromine  volatilLies  in  the  form  of  a  deep  red  vapor, 

eh  condenses  into  drop!4  Iwneath  the  liquid. 
Bromine  in  at  common  temperatures  a  thin  red  liquid  of  an  cxceodingly 
luHisr  color,  and  very  volatile  ;   it  fn^ezea  at  alxiiil  — *J4.fi^  C.  ( — l^.l*^'  F.) 
A  bnils  nt  (;:30  C.  (HiJ'^  K.)-    The  density  of  the  Hqtild  is  2.Ji7ti,  and  that 

the  vajKir  5.M  compared  with  air,  and  80  coinpariMl  with  hydrogen. 
The  odor  i>f  bromine  is  very  sulTocating  and  offensive,  much  rpHttmbllng 
that  of  iodine,  but  more  disagreeable.    It  is  slightly  snlnbln  in  water,  more 

ly  in  alcohol,  and  most  abundantly  in  ether.  The  aqaeoua  eolation 
eaches. 


Hydrogen  Bromide,  ot  Hydrobromlo  Acid,  HRr. — ^ThiRsabstanw 

bears  the  vloae^t  r^ineimblanef'  to  hydrindic  nc'ul :  it  has  the  sanio  cy)ns1itu- 
tion  by  rolainn,  very  nearly  the  sam-"  pro]>ertios,  and  may  Im?  prepared  by 
moans  i?Xiw*tljr  similar,  substituting  the  one  UMy  for  the  other  ((*ee  pagu 
138).  The  solution  of  hydrobromic  add  has  also  the  power  of  ilissolring 
a  large  quantity  of  bromine,  thereby  acquiring  a  re<l  tint.  Hydrobromlo 
j        acid  contains  by  weight  80  parts  bromine  and  1  part  hydrogen. 

Bromlc  Actd,  HBrO,. — TauRtie  alkalies  in  presence  of  bromine  undergo 
the  •>anif  i-iiange  as  with  rhlorine,  a  metallio   hrnmide  and   Ifninintt:  Ixdng 

Roduc&l ;  these  may  be  Beparate<l  by  the  inferior  Holubility  of  the  latter, 
omie  afiid,  obtained  from  Imrium  bnmiate,  closely  resembles  chloric  acid  ; 
is  eaaily  deitimpofled.  The  bromates,  when  heatiMl,  lose  oxygen  and 
come  bromides. 
A  hypobromoua  acid  corresponding  with  bypoohloroua  add  is  Hkewisfl 
lown. 


IODINE. 

▲tOBle  welebt,  tS7.    Syinbol,  f. 

Iment  was  flret  notioe<i  in  1812  by  M.  Courtois,  of  Paris.    Minn^ 
icos  are  found   in  combinntion  with  sodium  or  potassium  in  •ea-walrr, 
oooAsionally  a  much  larger  proportion  in  that  of  rertnin  niio'Tiil  npnnv'S. 
seemd   to  be   in  someway  iH-neflcial    to  many  mnrin*'   phini?,  u*   th» 
ter  have  (he  p<twer  of  absLrnetiiig  it  fnmi  ih**  .;i.rr<..ii.,t  ,   ■  »At<rr, 
cumulating  it  in  their  tisanes.     It  is  from  thl.s  <  '  •> 

couuuerce  is  derived.     It  has  lately  been  fnnr  ftialiV^  Vn 

kine>  ahuninnns  slates  ofBwoden,  and  in  several  tarwltww  %A  ^rt^  mA  vwtV 
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KtJ}fj  or  tli«  half-vitrifieil  a»Ueti  of  Boa-wcedB,  prepared  liy  the  luhabf- 
t&nU  of  tUu  Weatt^ru  IftlandB  unil  thi*  uorthurn  shores  of  SwiiUnd  and 
Ireland,  btn^ttiud  with  wuTlt,  and  thcdotutiou  tillered.  The  liquid  iH  ihtm 
Oonet*iitraU*d  hy  evajiorntion  until  it  is  reducvii  U*  a  very  Hiuall  rolame, 
the  sodium  chluride,  tiodituu  carNiiinte,  potassium  chloride',  and  other  Malts 
bviug  ri'UiMved  an  Ihey  aucfoasivoly  cryfttallize.  Tht?  dark-brown  inotlier- 
liquur  l«rt  I'outaiiiK  very  nearly  ihe  whole  of  the  iodine,  as  iiKlide  of  sodium, 
lua^uehiuiu,  etc. :  lhi£  id  udxed  with  MuIphuricaLid  and  tuAn^'Anesetlioxide. 
and  geutly  heated  in  a  leudeu  retort,  when  the  iodine  distiU  over  and  coii- 
denxuif  iu  thu  reix-tver.  The  theory  of  the  operation  is  exactly  analogous 
to  that  of  the  preparation  of  chlorine  (p.  Hti)  ;  iu  practice,  however,  it 
rertuireft  careful  uinua^ement,  otherwisu  iho  iiupuritJiM  prenent  in  the  80- 
lutiou  iuterferti  with  thu  geueral  rcbtill: 

MnO,  +  2KI  +  21^30,  »  211,0  -}-  K^O.  +  MnSO,  +  I^ 

The  iuan};an«Bu  is  not  abnolately  ne<«fisary  :  ]H>tai»iuni  or  sodium  iodide, 
hoattnl  with  an  excetwof  oulfihuriu  acid,  orulveii  imiine.  Thi»  effect  itt  duo 
to  a  iff'eohdary  action  between  tlie  hydriodic  acid  Hnit  produced  and  the 
excetiK  of  the  sulphuric  acid,  in  whicli  liuth  siilfer  deLoui}H.>t»itiou,  yielding 
iodine,  water,  and  Kulphiirons  acid. 

Iodine  <*rystaUixeti  in  plntet*  or  scales  of  a  MuiKli-Mack  color  and  imper- 
fect metallic  lustre,  resembling  that  of  pUinilm^n  :  thv  crytilAls  are  Home- 
tiineji  very  )arfi;e  and  brilliant.  ltd  density  in  4.949.  It  melts  at  107^  C. 
<22:P  F.),  and  bnlU  at  1750  C.  (347°  F.),  the  vapor  having  an  exceedingly 
iM'autiful  violet  color.*  It  is  slowly  vulntiln,  however,  nt  common  tempi^- 
ratun^,  and  exhales  an  odor  mnob  rcftembling  that  of  chlorine.  The 
density  nf  tho  v.iiKir  is  8.710  «>ni|>ared  with  air,  127  conipnred  with  hydro- 
gen. Iodine  requires  for  solution  aNint  7i>00  parts  of  water,  which  never- 
theleitd  ac<jnir»?fl  a  hrown  color;  in  alcohol  it  is  u»u<'h  more  freely  soluble. 
8olutionH4if  hydriodic  acid  and  the  iodide*  of  the  alkali-metals  al.*iodi)*.-(olve 
a  Urj^'e  quantity  :  the«e  solutions  are  not  dooompnued  hy  water,  which  is 
the  caii<^  with  the  alcoholic  tincture. 

Iodine  staiuH  the  skin,  but  not  permanently;  It  baa  a  rery  UDergetio 
iUition  upuu  the  animal  system,  and  is  much  tined  In  niMlicine. 

One  of  tho  mn^t  oharaeterifftic  pro|»erlie(i 
of  ioiline  is  the  production  of  a  splendid 
bine  ci>lor  by  contact  with  ntnich.  The 
Iodine  for  this  pnrfK>se  must  \w  free  or  un- 
combined.  It  is  cajiy,  however,  to  make 
the  tent  ftvailiiMo  for  the  purpoise  of  recog- 
nizing the  prtrsence  of  the  element  in  ques- 
tion when  H  iHiluble  imlide  is  sufepected  ;  it 
U  only  ntw'ssary  to  add  a  very  smull  qaan* 
tity  of  chlorine-wster,  when  the  iodine, 
being  displaced  from  combination,  bi^oomcs 
capable  of  acting  upon  the  starch. 

Hydrogen  Iodide,  or  Hydriodic 
Acid,  111. — The  t^impU«t  proc*»*i  t«u  pre- 
paring hydriiHtio  ni'id  pus  Is  to  inlroducv 
int^i  A  glafs  1ul»e.  feAltKl  at  once  extremity, 
a  little  iixline,  then  a  »niflll  quantity  nf 
roughly-powdt-re*!  gla^s  moii»t<Mii*il  with 
water,  upon  thiii  a  few  fragmeula  <.f  phos- 
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s,  and  iuU/,  man  glass  i  this  order  of  iodine,  glass,  phosphorus, 
gliuu,  Unitg  rt}{M4ted  until  the  tube  ia  half  or  two-tlUrtiB  SIUhI.  A  cork 
,Aud  u&m>w  l>eiit  tube  aro  tUt;a  litltxl,  uuii  geutk*  livat  applitni.  The  gus 
!la  bt«t  colkcCml  by  tlisphu:>;iiu;tit  Lif  uir.  Thu  prot^tfeta  dt:pi-uib4  (111  Uif.  lur- 
rBiatioQ  of  an  iodiUi?  ul  pli*Mphoruii  autl  ita  Bul»iM|ut^Dt  aL*cvui[>u6itLoD  by 
kvater,  whereby  hydruguQ  phcwphite,  or  phoctphurouii  acid,  kl^l'Uj,  and 
hydrogen  ifxlidti  are  produced  :  P,  4-  I,  -f  6ll,0  «  tiHl  -f  aHjl'U,.  The 
globs  uitTiily  aorvcd  to  luoderate  thti  violt* ncv  ul  the  action  of  iho  iodine 
li[j<m  the  phoephuruH. 

Uydrioilio  acrid  goM  greatly  reaeroliles  the  oorreaponding  chlorine  com- 
pound ;  it  ia  colorleM,  and  highly  aiid ;  it  funifti  in  the  air,  and  is  very 
Eaoluble  in  water,  lu  dunsity  is  ntiuut  ■4.4  i-ompared  witli  air,  G4  couipart<d 
with  hydrogen.  By  weight,  it  ii>  cum|MJseil  of  127  parts  iuUnu  and  1  part 
'hydrogen ;  and  by  uicasure  of  e<|ual  volumea  of  iodine  vapor  and  hydro- 
gvn  united  without  coudunsation. 

Holutiiih  nf  hydriodic  actd  may  be  prepared  by  a  pn>rt(>«]i  mut-h  bits 
troabiesouie  than  the  aliore.  Iodine  in  fine  powder  Is  BUeipi^ndM  hi  water, 
and  a  stream  uf  washed  hydrogen  tiulphide  iMtdaml  through  the*  mixtun*; 
sulphur  i»  di'pnailcd,  and  tbn  iodine  cnnverl^rd  into  hydriotlic  arid.  When 
,the  )iiiuid  ha«  b<?com<'  colurlesa,  if  is  h<?ated,  to  expel  the  exeesa  of  hydro- 

?:t!n  sulphid*^.  and  tiitertMl.  The  Kolution  cannot  be  kept  lung,  ospeciaUy 
f  it  be  concentrated  ;  the  oxygen  of  the  Air  gradually  dei'iimpo«eii  Iht) 
hydrirnlio  arid,  and  Uxline  is  a(*t  free,  whiuh,  diasulving  in  the  remainder, 
outumunicat<»  to  tt  a  brown  color. 


luillne.        Uxyiren. 
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ComfxmntU  o/"  iuthne  tmd  Oxygen. 
The  most  important  of  these  are  the  lodhi  and  periodic  oxides. 

Compoflltlon  by  wrlffht. 

Iodic  oxide,        1,0^     .         . 
Periodie  oxide,  1,0^     . 

Both  thtfue  are  astd  oxides,  nnitlnj;  with  water  and  metallic  oxides,  and 
fomiing^  salts  callt^l  iodates  and  p«Tiodate«. 

Hydrogen  lodate,  or  lodio  Aold,  11,0.1,0^,  or  HiO„  may  he  pre- 

?ar«l  by  thf  direct  oxidation  of  iodine  with  nitric  acid  of  speeiflt;  graFlty 
.S.  Five  paru  of  dry  iodine  with  20<J  parts  of  nitric  aeld  are  kept  at  a 
boiling  tt^niperatnre  for  several  hount,  or  until  the  ifKline  hiui  dii^appenred. 
•  The^nlution  is  titen  cautinunly  diitlillnd  to  dryness,  and  the  residue  dis> 
■olved  in  watf^r  and  made  to  cryRtalliae. 

Iodic  acid  is  a  very  soluble  sulwtance,  cryBtallixing  in  colorleaa  fllx-itided 
tables.  At  107'^  it  is  resolved  into  wat*T  and  iodic  oxide,  which  forms 
tabular  rhomiiic  crratala,  and  when  heated  to  the  ttnnperatureof  Udlinp  olive 
oil,  i* completely  reaolred  into  ioilint*  and  oxygen.  Tliefolution  of  iiwlie  acid 
is  readily  deoxidized  by  sulphurouH  acid.  The  iodates  much  rcHcrnble  tlio 
cl)lomte«  :  that  of  potaasltun  Is  deeouii>osed  by  heat  into  potassium  iodide 
'And  oxyf^cn  gas. 

Hydrogen  Peiiodate,  or  Periodic  Acid,  H,O.I,0,.  or  HIO,. — When 
lutiiiu  of  4(»dii)ni  irxlat^i  is  nit\ed  uith  r.iiislic  ftoda,  and  a  cnrrent  of 
lorine  paftsed  throuj^h  the  liquid,  two  salts  arf*  fomunl — namely,  SLMliiim 
iorlde   and  a   sparingly  soluble  componnd   of    tMxiium   \H,'-tvx>Aa.\6  ■*\\.\v 
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■odium  hyilroxido  and  walw,  Nul0(.NanO.n,0,  or  Nft,I]|10f,  the  rea< 
taking  pl&cii  u  rvprt»euttMl  by  tUu  vquatiuu — 

NalO.  -h  3i\aH0  -f  CI,  —  2KaCl  -f  Na,H,IO,, 

Tilts  nndium  salt  is  separated,  converted  into  a  silver  saJt,  and  dls&oUed 
In  nitrlr  acid  :  tlu-  Nolutiun  yiehls,  i>n  (!vajM)ratiun,cr/8taUur>fUuw  silver 
IK'Tio^iato,  from  which  t)ie  avid  may  Ik  separatcnl  by  the  action  of  water, 
which  reaolvcti  tlio  unit  into  fre«  acid  *nd  an  iusoluble  basic  ]ieriodatc. 

IWiodiuacid  eryatallixes  from  its  aqueous  solution  In  deliquefiovnt  ob- 
llquo  rh<nnbio  prisms,  wliicli  m«U  at  131)0  c.  (2ti<P  ¥.},  and  are  resolved 
at  n**^  C.  (XJWO  K.)  into  wAlt*r  and  a  white  mass  of  peri<Kiio  oxide,  which 
At  180^  or  lltOO  C.  (3fiti-3740  F.)  gives  off  oxygon  with  great  rapidity,  &ud 
Judio  oxido. 

Tlifl  Bolution  of  periodic  acid  is  reduced  by  many  organic  snbstanoefl, 
and  instantly  by  hydnK'hIorio  acid,  sulphurous  ncid,  and  hydrogen  sul* 
phirlu.  Witb  hytlroohloric  acid  it  fctrina  water,  iodine  chloride,  and  free 
ehloriue.  Tho  tnetoUio  perlodatos  are  resolved  by  he&t  into  oxygen  and 
tnetallio  iodide. 

Componnda  of  Iodine  and  Nitrogen. — ^Whon  finely  powdorM  iodine 
Is  put  into  caustic  ammouin,  it  is  in  pun  dissolved,  giving  a  doop-brown 
aulution,  and  the  reriiduo  is  c<»nvtTt4fil  into  a  biack  powder,  called  nitro- 
gen iodidet  Nl|.  The  brown  liquid  couBists  of  hydriodic  acid  holding 
iodine  in  solution,  and  is  easily  separated  frum  the  solid  product  by  a  filter. 
The  latter,  while  still  wet,  is  distributed  in  small  quantities  ujton  sepa* 
rate  pieces  of  bibulmis  papor,  and  luft  to  dry  in  the  air. 

Nilrngen  iodide  i»  a  black  insoluble  |>owder,  which,  when  dry,  explodes 
with  tho  slightest  touch — evfn  that  of  a  ft'ather — and  somotinn^  without 
any  ubviuiu  cause.  The  explosion  is,  however,  not  nearly  so  violent  as 
that  of  nitrf^en  chloride,  and  is  attended  with  the  production  of  violet 
fumes  of  iodine.  Aoconllng  to  Dr.  (ilndstone,  this  substance  contains 
hydru];en,  and  may  \k  viewtni  as  NUl,,  that  is,  as  ammonia  in  whioli  two- 
thirds  of  the  hydn>gen  are  replaoed  by  iodine.  Atxjording  to  the  nscarobes 
of  Itunseu,  it  must  be  viewed  as  a  LX)mbiuation  of  nitrogen  tri-iodide  with 
ammonia,  Nlg.NU,.  It  appears,  however,  that  the  substancu  CAlled  nitro- 
^'n  iodide  varies  in  oompoHition.  Cfladslouc,  by  changing  the  mode  of 
luv^Mration,  obtained  several  compounds  of  nitrogen  tri-iodide  with  am- 
ittuoia. 

Componnda  of  Iodine  and  Chlorine. — Todine  unites  dlrocily  with 
■,  foriuing  a  mon-Kjlilnridr  and  a  trichloride.  There  is  also  a  totra- 
hUkfUbt  pnxlncitl  by  siKintanitMiS  dtxiomposition  of  the  uionochloride. 

mmor^oridr^  ICl,  is  uhtaiueil  by  passing  dry  chUirine  over  iodine  im 

U  liquefied,  but  no  longer;  also  by  distillini;  iixlino  with  ]H)ta»- 

Ho,  oxygen  In'ing  llifu  evolved,  the  nionorhl'Tide  distilling  ovfr, 

itttlliurs  of  chloride,  iodate.  and  peroblorate  of  potassium  remaining 

t,  +  3KCI0,  =  0,  +  ICl  +  KG  +  KIO,  +  KCIO,. 

HM!«MH^h>n(1t*  Is  a  r«*ddish-t)rown  oily  liquid,  having  &  suffocating 

:   taste  ;  soluble  in  alcohol  and  ether  ;  decomposed  by 

M  of  hydrochloric  and  indie  acids,  and  separation  of 

4»  ■  HoUdtfles  in  yellow  neiHll'.-s.     Sulphurous  acid  and 

.•iiii|MHo  it,  witb  separatiun  of  iodiTii- ;  with  aqu 

It  yields  A  chloride  and  an  iodate,  together  with 

>j  'Ifi.  wlU  |«jtAsh — 

Mi^l  +  r;Klh>  ■-  5Ka  +  KIO,  -f  3H,0  -f-  I^. 


I 
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The  tricMtoride,  ICl,,  U  prodaoed  bj  trrating  Iodine  tti  »  goDtle  liMt  with 
Jorin«  in  exo*sa.  It  urvxtallixeft  in  oraiigeyfUow  neinH^'a  ;  melu  Kt  2(lO 
iaO  C.  (t6-77^  K.),  giving  "fl  chlurino,  which  it  reabHurLw  ou  uuoltng  ; 
ltd  ou  nioet  other  salwtaiiajB  liko  the  iU4Jim<:hli>rk<lt;. 
In  cuiitiiut  with  «  small  'quantity  of  watt-r  it  is  partly  redolve^l  into  &n 
lolubte  jcltowt»h  body  (pruhaUy  a  mixture  of  the  triohlnrirjp  with  ioriic 
ide),  aoid  A  aolatiuo  oontaiuiug  hy druchloric  Acid  and  Ihu  monochloride^ 

4ICI,  +  5U,0  =  lOUCl  H-  I,Oj  -I-  2IC1. 

A  Urge  qaontity  of  water  dlft84ilvi.«  it,  pmKably  without  deoomposition, 
pHflkapfl  OH  a  mijcture  of  hydrochiorio  and  iodio  aolde  ooulaiuiug  frtw 
dintv— 

5IC1,  +  9U,0  es  15Ha  H-  3HI0,  -f  I^ 

The  trtrarhtoTulp^   ICl,,  protluoed    by  apontanenns  de(^mpn«ttion  of  the 
)Uochlorlde,  41C1  ^  ICl^  -{-  'ir  cryetalliatia  In  rod  ootohedroua. 


FLUORIKB. 

Atomte  weight,  It.    Symbol,  F. 

Tiiia  eltiment  has  nereir  iN^eii  iftiilatiil— iit  b'Ast,  in  a  state  fit  for  exi 
inntion  ,  its  prnpertit«t  are  eonst*()(i(*ii(ly  in  ^n<nt  luna-tiiru  uitkuuwii :  but 
nn  tlie  olts*>rvationii  made,  it  in  preitumtxl  to  bo  k(umh>u.i,  and  to  poatiuiui 
tor.  likf  t'hlortuu.  TIm*  compt^uiulii  containing  tluuriiiv  eau  be  vaaily  de- 
ra|»OR«Nl,  and  the  tOeint>nt  traiiiifr'rrt^l   from  onn  btwly  to  anothtir  ;   but  ita 

itiMiae  chemical  enorgitw  towardii  thu  nietaU  and  towarU  BiUdum,  a  com- 
ment nf  gtaatit,  have  hitherto  b.iffietl  all  aitt^uiptjt  to  obtain  it  purt*  iu  tbu 

»paratti  state.  Ati  caldum  Huoride,  it  i'xihIh  in  oouitidurahlv  quantllica 
lluiir-^pnr,  a  mineral  wbich  cryntallizf*!)  in  fiiKo  cubes  of  %'arioua  colors, 
d  in  nmftll  iiunntititii  in  many  animal  nubntances,  auuh  a»  tK>nea.     Sov«> 

\\  cbenuHlit  liav«t  i<ndt*avore<l  to  obtain  it  by  dfcompostng  silver  lluoride 
uioann  of  clilnrino  in  wsiwla  of  lluor-aparf  but  even  thetio  exp«rimunl« 
tre  not  led  to  a  diwisive  reanlt. 


I 


^by 

I       ext 


Hydrogen  Fluoride,  or  Hydrofluoric  Add.  UK. — When  powdored 
raU'iuia  ilunride  xa  lt*at«-*i  witli  ctmcutrati'd  Hul])huric  acid  in  a  rctorl  of 
plutiiium  or  lead  coniiectwl  witli  a  i*ar*ffully  i»h>UmI  rereiver  of  the  »ame 
nirtal,  a  rery  volatile  rolorlcwK  liquid  \n  obtaintnl,  wbich  emit«  onpioua 
white  and  highly  Huffocaliiifr  fumea  In  the  air.  This  itt  the  anhydroup  acid, 
not  howi*vor  r|iii(t)  pure.  It  may  U-  nbtAiiifd  in  a  slate  of  perfect  purity 
^by  distilling  byilrogi'npoiA.'^Riuui  lliiorith^,  HK.KK,  tn  redness  in  a  platinum 
res»el.  As  thua  prepannj.  it  U  nt  ordinary  t*'miH'raturea  a  colorleHa,  trana- 
__  kront,  mobile  liquid,  haviuga  Hiwriificgravityof  0.9S7W  at  12.8'^C.  (55*^F.). 
"extrenii'ly  volatile,  b<»iling  at  II'. 4^  C.  (66.HO  K.),  fuming  densely  at  ordi- 
nary t«'fiipt?ra!ure»,  and  alworhing  water  greedily  from  the  air.*  It  con- 
tins  13  parlH  by  weight  nf  Hnorine  to  1  part  of  hydrogen. 
When  hydrofluoric  a«*id  is  put  into  walnr,  it  anitt>H  with  tlH>  latti*r  with 
eat  violence ;  thu  dilute  aolnliuu  attaeka  glaaa  with  groat  faeility.  The 
DoaatraUMl  acid,  dropped  upon  the  skin,  oocasiona  deep  and  uialiguaot 


4 


•  Qore,  louruHiot  tji« CJiemloal Soo\c\y  V^VW  %U. 
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BDLPHCR. 


Hvdrollnoric  acid 


ultM^rH,  80  that  grent  care  is  requUiW  iu  iU  maiiagenieni 
containii  i'J  purls  tluorine  and  1  part  liyrlrogim. 

Iu  n  ciiluieil  ^t:ii.«?,  UiU  aL-id  U  u<:ca»ioiiaUy  U8P<1  in  the  analysis  of  sili 
ouA  uiin^rAlif,  wht-n  nlkali  it<  to  lx>  esttmalud  ;  it  U  uiujiloyml  nlso  fur  etch 
in;{  on  glaiis,  for  which  purposi?  the  acid  may  hv.  pr«'piirud  in  vf^HoU 
U>aii,  that  mutal  IminK  hut  iiluwly  attackfd  undor  lheii»»  oircum.slanci'4 
The  vA]ji>r  of  the  auid  in  also  vnry  aiivantaguou^ly  appliL>d  to  the  dame  pur- 
posi*  in  the  followiug  manner :  The  glass  to  he  ougravcd  is  eoatisl  with 
etcbing-f;rouud  or  wax,  and  thv  design  traced  in  the  u^ual  way  with  a 
pointed  infltruRifrnt.  A  shallow  hosin,  roado  hy  beating  up  a  piece  of 
ahtwt-load,  la  then  prepared,  a  little  powdereil  fluor-spar  pla<-^  in  it^  and 
enough  Kulphuric  acid  aflditd  to  form  with  the  latti^r  a  thin  paste.  The 
glasti  ix  plaLM>'i  upon  tlio  l>A.sin,  with  ihe  wuxed  hiide  downwar<l?),  and  gentle 
heat  ajiplied  heneuth,  witicJi  xpntdily  iliitengageM  tlie  vapor  of  hydrotl 
add.  In  a  very  few  mlitiitus  the  operation  is  complete  ;  the  gla^*4  in 
removed,  and  rh«aned  liy  a  little  warm  oil  uf  tur|H*nttne.  When  the 
periment  is  tmcrertttfiiK  the  lineij  are  rery  clean  and  Hmt*nth. 

^o  tMjmhi nation  of  lluuriuti  and  uxygcu  has  yet  been  discovered. 


ur-^ 


SU1.PHUR. 

Atomic  weight,  32.    Symbol,  S. 


luftrtc  ^J 

then  ^M 

10  ex-  ^H 


TffTi  li  an  elementary  bo4ly  of  great  imjHirtance  and  interest.  It  is  ofl«n 
fhund  in  the  free  Ktate  in  connection  with  de^Mibits  of  gypnum  and  rock-sail, 
and  in  the  finttures  of  volcanic  craterH.  Sicily  furniithefl  a  large  proiK>rtion 
of  the  sulphur  employed  in  KHroi>»^  Sulphur  aUo  occurs  abundantly  in 
e«tmbinati<»ii  with  iron  and  other  motaht,  and  aa  xulphuric  acid,  united  to 
llitK'  mid  iiini'iieHia. 

I'ure  sulphur  is  a  pale-yellow  brittle  solid,  of  well-known  appearance. 
It  melln  when  heated,  and'  distils  over  unaltered,  if  air  Ik*  excluded.  The 
<)r,v«laU  of  Anlphur  exhibit  two  dlBtinct  and  incompatible  fonuH — namely, 
finl,  an  ivlnhedron  with  rhombic  boae  (fig.  l^T))*  which  is  the  figure  of 
|vt<  aulphnr,  kihI  that  assumed  when  sulphur  AeparatcH  from  solution 
peraturett,  a^  when  a  solution  of  bulphnr  in  carbon  bieuU 
I  lo  rthiw  evap^ralion  in  the  air;  and,  (teeoiidly,  a  leiigth- 
iitg  no  relation  to  the  preceding  ;  this  happens  wlien  a  nuua 

.  Ptg.  ISO. 


of  «uluhiu  U  meSteil.  umt.  ftfier  paKial  oooUng,  the  omet  on  the  sarCaee 
i  m4  forilon  poured  out.     Pig.  126  ahova  the  reaaU  of 


SULPHtJB. 
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Tb«  s^ific  gr&Titjr  of  flnlphor  r&riefl  MoordiDg  to  the  fono  In  which  it 
b  crjT*UlliuMl.  Thtt  octobmlral  vari«tt/  hott  th«  Bpiwilic  grftvUj  2.045  ;  the 
pTtnmatic  v»ri»»tT  thf  i*p*wiflo  >;r»vitr  1.3H2. 

Sulj-hur  melu  «t  lll-<'.  (2;J::of;).— nt  114.5°  C.  (238.10  p.),  »cc«nllne 
to  Brodir;  at  tliis  t^^iiiiMTature  it  i«  nf  th<>  »iIor  of  aiiiWr,  and  thin  antl 
iluiil  ua  wntor;  vrht*n  furlhfr  ht-nted,  il  Inxins  to  thiekcii.  junl  tn  ao«)uirfi 
ft  deyfHT  v*AvT ;  and  Iwlw  wn  221-  C.  (43l>^  F.)  and  24i*^  C.  <4HJ0  F.J  it  ia 
flo  tt-nanouM  that  the  vt*tU'M  in  whinli  it  i»  contaiDird  xahy  hv  inrvrtod  for  a 
moment  without  the  hwa  <tf  lU  c*<>ntont«.  If  in  this  state  it  bv  ^^Hiurcd  into 
water,  it  retains  for  many  hours  a  rfiuarkahly  m.t1i  and  flexiblu  coudltioti^ 
which  may  be  liMiked  u(mid  as  the  aniorphuuH  state  of  Hut|diur.  Aft4>r  % 
while  it  again  K-cumeti  brittle  and  i-ryninlline.  From  the  tenipcrnture  lartt 
mrntioHfrl  tn  the  Iwiling-point — about  40tiCi  ('.  (7(>20  F.>^(il|diur  a^ain 
becomes  thin  and  liquid.  In  the  freparalion  of  comiuereia)  llowcrM  of  ttul- 
phur,  the  vapor  in  conducted  into  a  larj^e  cold  chamber,  whero  it  eondrnties 
in  ruinate  crystals.  The  (ipocifie  gravity  of  «nlphtir  rnpor  is  2.22  referred 
to  that  of  air  as  unity,  or  32  compared  with  that  of  hydn>gen  (Devill**). 

Sulphur  is  insoluble  in  water  and  alcohol  ;  oil  of  turiH-ntine  and  the  fat 
oilfi  dtfisulve  it,  but  the  U-stHulwtAnc-e  for  the  pur|M>se  i.-i  rarlK>n  bii>nlphlde. 
In  ita  cfaeniieal  relatinnit,  sulphur  bears  gre^ti  n>Aemblanee  to  oxyfien  :  lo 
Yvry  many  oxides  there  are  cornvpoDding  dulpbided,  and  the  ftulplifdea 
»fteu  unitu  among  themselves,  forming  orystallizablti  coiupounda  analogous 
oxysalts. 

Sulphur  is  remarkablo  for  the  great  number  o(  mcllflrations  which  It  is 
tpable  of   aa»uming.     Of  these,  however,  there  are  two  principal  well- 
taract^rizeil   varictic*,  nnc  flotublc,  and    the  other   insoluble  in  cnrlMin 
inlphid?,  and  many  minor  modifications.     The  fintultle  variety  is  distin- 
li^hcd  by  iierthelot  by  tlie  name  of  fJrrtro-m-^thrf-  Hutphur,  iMH^ausf  it  la 
tc  form  which  appcans  at  the  iHwdtivo  pole  of  the  voltaic  b.nttery  durinjg; 
l«  deoomponition  of  an   a<(U<xjua  itolution  of   hydrogen  sulphide,  and   ia 
ira1«d   from   the  comhinaliona  of    Milphiir   with    the    i-Uetro-positivu 
letals.     The  insolub|(»  variety  in  (litftinguitthtol   as  tJvrtnh-pimtwi'  guiiiMmr, 
cause  it  is  the  form  which  apprnrs  at  the  negative  pole  during  the  elerlro- 
Mnpofiition  of  nnlphuroDB  acid,  and  separat^'H  from  <«m|K)uiida  of  sul- 
lur  with  the  elcclnj-ni-Katlvo  clementfl,  chlorine,  l»roiuiui',  oxyp<'n,  etc. 
The  principal   mudifliuilions  of  aolublu  bulphtir  are  the  oiTtolo^lral  and 
'i.*«matio  varieties  alrea<iy  mentione^l,  and  an  araorphout*  variety  whieh  is 
^•••ipilated  as  a  ^jr^eiiifth-whitt*  i-mn)sion,  known   aw  mUk  of  Ftulphur.  on 
>ling  an  acid  in  a  dilntr  nolntion  nf  an  alkaline  j^dynulphide.  HUch.  for 
[ample,  ta  is  obtaim^d  fty  Ixiiliiifr  sulphur  with  milk  of  Uni*-.     Thin  .imoT' 
phoUA  sulphur  changes  by  keeping  into  a  roaas  of  minute  octoheilral  ery»- 
UUm.     Snhlimwl  sulphur  appears  alwi  to  bo  allied  to  this  mfMlinratitm,  but 
""'  alwavN  contains  a  small  portion  of  one  of  th."  in«oluhle  motlificatinns. 
The  chief  DHxlificatinns  of  insoluble  anlphar  are:    I.  Tlie  amorphooa 
IMoltible  variety,  oblain'?d  naanrtrt  uiaKnia  by  deroinpoeinp  tihlorinc  bisul- 
phide with  w.'»(t'r,  or  by  adding  dilute  livdrorlilnric  lul'l  \"  the  soUition  of 
Ihiosulphate   (p.  19K).     2.  The   plfiMti-'  Kulpbur  already  mentioned   as 
obtained   by  pourinti  viirid   melb'd    sulphur   into  water.     A    ver^*  ttimilar 
iriety  is    pndurc.i    by  btdllng   metallic  sulphides   with   nitric  or   nitro- 
inriatic  arid. 

When   solutions  of  hydrogen   sulphide  and  ferrlo  chloride  Ere 
fther,  a  bine  precipitate  is  sometimes  Conned,  which  is  said 
mliar  modifioation  of  auiphnr* 


I 


or   niiro-        ^i 
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SULPHUR. 


CompownU  of  StilpAur  and  Oryytn, 

There  are  two  oxides  of  salphar,  wbo«e  namea  and  composition  ore  as 
Hollows ; — 

Composition  ^y  wfijtht. 


Bulphnr  dinxide  or  Snlphorouii  oxid< 
Sttlphur  trioxide  or  Sulphuric  oxide. 


SO, 

SO. 


Sulphur. 
32 
32 


+  32 

-f         48 


Both  thns*^  oxidi'S  tinite  with  watf>r  and  mptallic  oxidtA,  or  thv  elmicnts 
thermr,  pnKlucitiji^  salts  ;  those  derived  from  sulphurouf;  oxidi>  an-  calltni 
sulphitfs.  aud  tbtwe  derivod  frum  itulphuric  acid,  nulphatos.  Thu 
fiompoaiiiou  of  the  hvdrogt-'n  salts  or  acids  ia  as  fullowg  : — 


Hydrogen.    Sulphur.         Oxjgeo. 


Hydrogen  Sulphite,  or  ) 
Sulphuruus  acid,        ) 

Hydrogen  Salphate,     ) 
or  Sulphuric  acid,     / 


-H       32      +       48 


33 


64 


Water. 

18 

Water. 

16 


Sulphur- 
ouii  oxtdc. 

4-    fi4 

SulptiMrle 
oxide, 

+     80 


The  formula  of  these  acids  arc — 


Sulphurous  acid,  11,30,  w=  H,O.SO, 
Sulphuric  acid,      H^SO^  s  H^O.SQ, 

The  rt*plac*monl  of  half  or  thi?  whole  of  the  hydrogen  hy  metals  ^ves 
rinc  to  luetallie  }(uli)hit<>:s  and  fiulphnti-^. 

By  the  combiiiB,iion  uf  tiulphuric  uxide  with  sulphuric  acM  In  the  pro- 
portion of  SO,  to  H^\  (or  80  parts  hy  weight  of  the  oxide  to  98  of  the 
aeid)  an  acid  is fonucd  called  dl:$ulphuric  or  pyrosulphnr  ie  aoid, 
having  the  oomjKMition  11^0,,  or 

Hydrogen.  Sulphur.  Oxygen. 

2        4.        &1        +        112 

Tliere  are  also  serpral  adds  of  sulphur,  with  their  corresponding  metallic 
B&lts,  to  which  there  arc  no  corresponding,'  anhydrous  oxides,  vir. : — 

1.  ffyposulphnrmtg  A'-ui^  H^O^  having  the  ct»TOpOBition  of  sulphurous 
add  auNM  one  atmn  of  oxygen.     Its  oompositiou  by  weight  is — 

OxyRco. 


Bydrogeo.        Sulphur. 

3        4.         32 


32 


2.  ThiomlpMurir  Acid,  HjB^O,,  baring  the  eompofiition  of  sulphurio  add 
In  which  one-fourth  of  the  oxygen  in  replac^rd  hy  sulphur.    Its  compoflitinn 

by  weight  is— 

Bydrogpo.         Sulphur.  Oxygen. 

2        -}-         64        4-         48 

Closely  allied  In  this  add  is — 

3.  SdntiMtulphurir,  Arid,  HgSSeO,,  having  the  oomposition  of  Rulphnrio 
add  in  which  mip-fourth  of  the  oxygen  ia  replaced  l^  selenium.  lU  oom- 
position  by  weight  ia — 

Hydrogen.        Sulphur.  Selenium.  Oxygen. 

2        +        32        4-        79.4        4-        48 
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4.  A  s«ri««  of  addfl  oaJM  Ihlgthnmic  AciiU*  in  which  the  ftiunr  qnuiti- 
tice  of  uxygvn  &nil  h/droji;i>u  lirv  united  with  quantities  of  sulpliur  in  tb« 
prci|iurtjuu  of  thtf  uuiubors  2^  3,  -4,  6,  vix. : — 


Uytlros 

BO. 

Sulphur 

0»jrgeB. 

l>ilhlonic,  or  Hypo*u|. 
phuric  acid   . 

I 

H^.O, 

2 

+ 

(H 

+ 

»(! 

Tritliioiiic  ftrid 

11^0, 

.       2 

4- 

»0 

4- 

Oil 

TetraUiionio  nold      . 

. 

"rV>. 

.       2 

+ 

IIW 

4- 

06 

rental h ionic  %ii\i 

IKS^O, 

.       2 

+ 

150 

+ 

Dtl 

Bolpbor  Dioxide,  or  Salphoroua  Oxide,  S<>,. — ThiH  in  the  oiil/ 
prfwliu-t  of  thr  (tiiiiliiistiot)  of  riiilptiur  in  rtry  air  or  oxvgcn  gas.  It  is 
must  oonvenit'ntly  propanMl  hy  h«*atiu};  Ktilphurio  ai'id  with  niftxlllc  invr- 
eury  or  copjwr  rlippin^.  A  porlit»n  ul  the  ftcid  in  decomp-iwt'd,  on. '-third 
of  ih«  oxy^tt-u  of  till!  Auiphuric  oxjilf  iM'ing  truiaft-rred  lu  thi*  luetal,  wbilH 
the  suiphurifi  oxide  u  redu(*«'d  lu  aulpliuroua  oxido  whirh  <McajM.->  a*  gu  : 

2<H,O.Si»J  -h  Cij  K  t'liO.Sf),  +  2H,0  -f  80^ 

ftcUt  sulphate. 

Another  vary  simpli*  tneihod  of  prpparing  ^ntphnmiM  oxidr  mnKiBtn  In 
htlng  concentrutc'd  sulphuric  acid  with  sulphur  ;  a  xvry  regular  rvolu- 

uf  aulpliun>u»  oxitltt  i»  thu.i  uhtainctl. 
5ulpliurou»  oxiilt'  in  a  rnliiiliitH  |:a»,  having  tho  ptMrulinr  sufTocnting  ftdor 
huniirig  hrimntonr  ,  it  inhtantly  cxtin^uinhns  tlanic,  and  in  qtiitv  irri'< 
ihle.  Its  (It'iiMty  ia  2.^1  ;  a  litn*  wrighn  l!.H(ili^  grniiis  ;  l(Hi  cubiu 
:h<«  vr<*i^h  H8.fi!)  grninH.  At  — 17.SO  (',  ((lO  K.),  under  the  nrdinar/ 
»ure  uf  the  atiitoitpliiTc,  tliiH  i;.-u«  coiidpn!«L>«  to  a  colorli'sa,  limpid 
d,  rery  expandiMe  hy  hi*at.  Cold  wAler  di.4Anlvi*fl  luoro  tiian  thirty 
ibi  viilnuitf  uf  Btilphuroua  oxldr.  The  BMuiion,  whiiOi  ouniainfl  hy- 
.>}Cen  0iilpliit>.i  nt  liiilpliurdiia  acid,  u\k.y  hv  kept  Unc1ian^<.t|  no  lung  oa 
is  oxcludei),  Imt  acorM  of  oxyp'ii  f;r:ulually  cvinvert;*  lIiR  »ulphumus 
>  sulpliiirii'  acid,  alt|i(<ii;*h  dry  Kulpliuroujt  nxifte  and  I'XVfiCi'n  »:a(i4<«  may 
iiA.in  in  <-(tntjii-l  fitr  .tny  h.'ii^'lli  of  tinin  wittuKit  rhnnift',  Wlii'ii  ntilplitiroua 
?  nod  aqtieoiiH  vHjKir  art<  pONtxtl  into  a  v«*i»<.*l  onded  to  Ih'(.>w  — ^.;j- or 
(*.  (17^  or  21^  F.)«  a  crvtiUlline  body  (iamw,  which  oontaina  about 
i.2  aulphuniUH  oxide  to  75. S  of  water. 
One  volume  of  sulphurous  oxidn  ;:ai*  containa  on?  Toltime  of  oxygen  and 
df  a  volume  of  »[ilpliur  rajHir,  utuiieUKt^ti  into  one  volume. 
Bulphuroutt  oxiile,  like  oilier  ^rutm  wliit?h  are  freely  noIuIiIh  in  wati-r, 
ifrl  be  eollecled  by  ilinplaccniMnt,  or  hy  the  uko  of  tlie  mi<reurinl  pneu- 
itie  trough.  The  manipulation  willi  the  lntti>r  in  fxm'tly  the  »niiie  in 
inciplc  lU  with  the  ordinary  water  trough^  hut  rather  more  trouhie«nnt«, 
)ra  the  great  density  of  the  uofroury,  and  it*  opa«dty.  The  wIioIm  ap]Mi- 
'M9,  \:A  on  a  nLueh  smaller  «cale.  The  trough  is  htwl  oonstruettKl  of  hard, 
iind  wood,  and  so  oontri%'e«l  hb  to  eixmomixe  MB  roueh  oh  possiulu  tlie  ex- 
!n»ire  liquid  it  ia  to  contain. 
Sulpliun>uK  axnd  lia«  hleaciiing  propi>rties ;  it  Is  used  In  the  arts  for 
"aching  wonlh-n  gorNJa  ami  (»!raw-pl.iit,  A  piiNM*  of  hlue  |{tmu»-paper 
iUeiHl  into  the  nioifit  gaA  Xi  flrMl  riildene<l  and  tlu-ii  hIkwIv  Mi>at-hi*cl. 
The  Bulphit4*a  of  tlu*  alttnlieH  are  soluble  and  i-ryMlalliiul>li< ;  they  are 
>i1y  formvil  hy  direct  ooniliinatinn.  The  emlpliit'*!*  (tf  barium,  ittrontium, 
d  calcium  are  in^ojnhle  in  wator,  hut  roImIiIm  in  hydrorhloHc  acid. 
The  atrong«r  tuids  deuompiwe  them  ;  nitrio  add  converts  UiL*m  into  sal- 
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phate*.     Th«  aolnble  salphitea  act  m  pnwerftU  redacing  agMits,  and  ar« 
macb  ummI  in  that  capacity  in  chi'iuical  Hnalxsifl. 

i^uIphuruuB  oxidti  anit««*  under  peculiar  cirt-umstanm,  with  chlorine* 
and  aliu)  with  indinL*,  I'urining  <.%)Uij*ouuil9  which  have  Ux>n  called  chluro- 
ami  iodo-f  ulphuric acids.  Thujr  art* d<x'(imp4«4Nl  hy  water.  It  ah>o coaihin«'A 
with  dry  Jtuinuniacal  gad  ;  and  with  nitric  oxide  in  pn-strJico  of  an  alkali. 

Bnlpbnr  Trioxlde,  or  Bulphario  Oxide,  SO,  (abo  called  Ankj/tfronJ^t 
Sttiukufi'.  u'-ni,  nr  >ul/iiiuric  ufif/tinjt).'^^ilnii  i*nni[tonnd  may  l«t*  rurniifd  ' 
4Broci\y  hy  pab^iUf^  a  dry  Diinture  of  sulphurous  oxide  and  oxygen  ga&i4 
or«r  lieatifd  hptmgy  platinum ;  or  it  may  l>e  ot)UiiiH<l  by  difctithng  the 
mnnt  cnnc*^ntrat<><l  suiphurir  at.-id  with  phosphoric  oxidf,  which  thuftj 
alwtrocta  the  wator  and  svia  the  sulphuric  oxide  free.  It  is  usually  pri»*! 
parted,  howvvt'r,  from  thu  fuming  oil  of  vitriol  of  NordhauKi*n,  which  mskXi 
N-  Ffgardt'tl  ah  a  Holution  of  Hnlphnrii?  oxidi>  in  sulphuric  acid.  Ou  gfiitlj 
heating  tliiit  liquid  in  a  retort  connecti-*!  with  a  rei-civcr  co<d**d  hy  a  fr***.'i- 
ing  mixture,  the  ttiilphuric  oxidn  di*lil»  over  in  grfat  nhundanrc,  nnd  cmi- 
dcniuTA  into  l*i*aiitirul  whiUf  silky  crystnltt,  roaeniMing  those  of  aitlK'Stos. 

Sulphuric  uxiilu  if(  aUo  produced  in  conBiderable  i^uAiitity  by  tlie  foUoi 
ing  process.  Vapor  of  ordinary  strong  «nlphuric  arid  i«  pmts^Nl  through 
white-hot  platinum  tnlxL',  whereby  it  is  aIwo»t  oompletuly  reaulved  int 
water,  oxygen,  and  sulphuromi  oxidu  : — 

These  mixvl  gfts<^,  after  parsing  thmngh  a  lt>Aden  worm  to  condense  th9<| 
greater  |iortion  of  the  water,  are  dfh>'drate<L  by  pansing  them  through  fl 
Icaitt-n  tiiwer  i]lU>d  with  cuke,  over  which  a  stremii  of  c<»ni'eiitrated  bul- 
phtjric  uciil  is  altowrd  li>  Irickli*  ;  and,  finally,  the  dry  mixture  of  oxypen 
And  tiulphnrouij  oxide  in  p.i«se<l  through  platinum  tabii>  heated  to  low 
redni-HS  and  i-untntning  fragments  of  plAtinizml  puraic«,  wherea|H>n  Xlu-y 
reeoiiiliiue  to  form  sulphuric  oxide,  which  ia  condensed  iu  a  tierii«  of 
Woulife'H  Itottles.  This  prooras  bids  fair  to  Hucoued  as  a  mauuCavlurlng 
operutiou.* 

Hulphurie  oxide,  when  thrown  into  water,  hiBsc«  like  a  red-hot  iron, 
from  the  viulencfi  with  which  combination  occurs  :  the  product  is  itulphuric 
aci<l.  Whi-n  cx^hmi^)  to  the  air,  tiven  for  a  f>'W  moments,  it  Hi|Ucn<tt  )>y 
alifiorpllon  of  moisture.  It  unites  with  nuinioniacal  gn^,  forming  a  salt 
ouUihI  Riiimonium  sulphamatc,  thu  nature  of  which  will  be  exiiiained 
further  on. 

Siilphurio  oxidu  ia  aoaceptihla  of  two  niodifie^tions  (a  and  0),  differing 
In  their  profHTtics,  though  indentienl  in  r*«niKwition.     Bodies  thus  related 
are  suid  to  be  inomeric  (from  mc,  equal,  and  /uMHtPart).     There  are  but 
few  nxituipUtt  of  this   ri'liition   unmu^Ht   inorgJinie  compounds,  but  it  is  of 
friMjuchl  ociturn-nee  inorganic  cheUiiMry.     The  «-moditlcatton,  formed  by 
C4Kilitig  the  liquid  oxide,  s«>liilifies  at  -f-lG'^  in  butg  coJnrli'HS  prisuih.  which 
inelt  at  tin*  same  temperature ;   it  Uiils  at  4i>0  ;  and  its  vu|K>r  at  ^U*^  has  a 
tension  re|infi"nted  by  "itiO  millimetr«%i  of  mercury.     B-Sti/phtihc  oxide  is 
yrodutwd  from  tlie  ■-modillcalion  at  temperatures   below    2;>0 ;  at>ove  27"^ 
thtf  iranaformalion  dmw  n(tl  go  on.      It  forms  extremely  fine  white  ntn^les  ; 
at  temperatures  above  .'((fO  it  gradunlly  liqueflen  and  possei  into  the  firs^, 
niodilication.     Liquid  sulphuric  oxide  andergoeit  yt-ry  great  expansion 
heat,  its  m«tan  ix^nfflcient  of  expansion  Indweitn  2.'>o  and  -iri"  being  U. 
for  1^'  C,  that  is  In  *nY,  more  than   two-thirds  aa  gre«l    as   that  of  gaa< 
The  two  niodillcatioua  differ  greatly  in  their  relations  to  solvents.     LiquI 
Bulphurio  oxide  mixes  in  all  proportions  with  hydrogen  sulphate,  U^O^ 
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lin  Rulphnric  aci<i  with  extreme  slownew,  and  ^adn- 

A  mixturti  of  lu  fwirta  t;(>,  aikI  J-2  parte  ll,!:Mk^.     W'ttli 

pn>[M>rliijn  uf  the  acid,  ni>  »iilid  oxide  S(-'|>arat«?tt.  nvvn  dii   C4N>lifig 

t4<uip«!ratartf  ;  if  the  pro|M>rtiuii  uf  acid,  llgSo^,  amounts  to  It  jmrla 

1(1  parts  ikf  uxid>?«  thtt  liquid  mo/  depoait  orjratala  of  pyruaulphuiiu 

d,  tM,Oj  or  Jl;S*),.SOg. 

Salphurlo    Acid,   H^O^. — Tlio  preparation  of  thin  important  acid 

U'pi-uds  upMii  Ui<;  liKi  tiiJii,  whi'ii  tiulpliuriiu8  oxidu,  nitrogen  tt-truxiUi*, 

d  wat'-r   av:   prt>*vut   together   in   curtaiu   prupurliuiu^   the  itulphurouii 

id«   beL^iurii  oxiduud  at   tho  exputuo  o(  tho  uitrogcn  ietroxide,  which, 

the  Uwa  of  oue-half  of  itA  oxygen,  aiiikfl  to  thu  ooudltiou  of  uitrogdl 

Iioxiil^.      The  opt'rHliuii  in  thim  i^iiuducttnl  :-^ 

A  large  and  very  loug  ctiumU^r  u  built  of  Khect-leail  8up]>orted  hy  ttni- 
bur  framing  ;  on  the  uutMide,  at  one  extreuiity,  a  small  furnace  or  oven  i« 
constructed,  liaving  a  wide  tube  leading  into  the  chanilx-r.  In  this,  sul- 
phur is  kept  burning,  thu  Hauie  of  whieli  heatB  a  t-rucible  containing  a 
tixture  uf  nilru  au<l  oil  of  vitriol.  A  bIiaIIow  atratuui  of  water  oMHipies 
tH  door  of  tlie  chauilter,  and  &  jet  of  ittoam  ifl  aUo  introduced.  Lastly, 
exit  id  provide<i  at  the  remote  eiul  of  tho  chauil>er  for  tlie  spent  and 
drM  gases.  The  eff^eut  of  thme  arrangement-it  is  to  cause  a  constant 
fupply  of  dulphurotia  oxide,  atuiospht^riu  air,  uitric  acid  vajwr,  and  wati-r 
the  »Uit«  uf  sleaiiif  to  be  thrown  into  the  ehaiubt-r,  there  to  mix  and 
i;t  np')u  rjuth  ottier.  ThH  nitric  acid  inniieiliately  giv<<ft  up  a  part  of  its 
:ygeu  to  the  sulphurous  oxide,  and  is  itself  ri*'luced  to  nitrogen  tctroxide, 
\fO^  or  >'0, ;  it  d<fv»  not  remain  in  this  state,  however,  but  sulTurs  further 
oxidation  until  it  hetouwa  reduced  to  nitrogen  dioxide,  N,0,  or  S<K 
!hu.t  substance*,  in  oontaol  with  free  oxygeu,  absorlts  a  portion  v(  the  latter, 
tmce  more  beuuuieK  tetroxide,  which  i.-t  agnin  destined  to  undergo  do- 
oxidation  by  A  fresh  quftutity  of  sulphurous  oxidi*.  .\  very  amall  {Kirtiou 
of  nitrogen  tetroxide,  iuixe<l  with  atiuu^pheric  air  and  aulphumua  oxidtt, 
I  may  thus  in  lime  oonvert  au  indi'finite  amount  of  the  latter  into  sulphurio 
I        acid,  by  acting  as  a  kind  of  i-arrier  b-twt.H-n  the  oxygen  of  tin-  air  aud  the 

EfUlphuriius  oxide.     Thn   jire^ence  uf  water  is  e^seliUai   to   this  reactiun, 
|rhioh  may  bo  lupn^enled  by  the  eijiiation, 
8 
pot 


i 

I 


KO,  -»-  SO,  -f-  U,0  «  NO  +  11^0,. 

Saoh  is  the  simplest  view  that  can  be  taken  of  tho  production  of  sul- 

burie  acid  in  the  leaden  chamber;   but  it  is  Unt  much  to  uffirui  that  it  Is 

icily  true  ,  the  reaction  may  lie  more  e«iniph>x.     \Vhi*n  a  little  water  Is 

at  at  the  liottom  of  a  largt*  glass  globe,  do  us  to  maintain  a  certain  degree 

of  humidity  in  the  air  witliiu,  and  sulpluiritus  exide  aud   nitrogen  tetrex- 

e  are  introduueil  by  separate  tubtra,  symptoms  uf  chemical  action  biHYime 

mediately  evident,  and  after  a  Utile  time  a  wliite  crystalline  matter  ia 

erve<l  Ui  condenite  on  the  aidi_*s  of  the  vei^sel.     This  suhatanctf  appeora 

to  be  a  oompouiul  of  sulphurio  acid,  nitrous  acid,  and  a  little  water.* 


*  Oiultler  (le  CUubry  HMlnned  to  this  8ubiiian<re  tlie  eomposltloa  exprMS«4l  by 
"le  forniulu  2(Njn,  7HjO,(.&S(X,  und  this  vlrw  htii  K<-uerjiIly  brrn  tPiTlveil  l.y 
•l>ul  fihemlCAl  writrrtt.  l>e  1*%  rruvriBlMVi-  ti<\«  stofc  «tiown  ttmt  «  comiiauuU 
up*^lnK  <vll  Itie  cus^ntlml  propertien  of  liic  ImUy  In  qiiratiun  mriy  l»c  formed  Ity 
riOKlDii  tnir^tlirr,  til  n  •I'tktl  Rlntn  tuie,  Uqiilit  HuliitiumuH  uxiile  nuil  liquid  nitro- 
(o  Trlroniiie,  IhiMi  frre  rroin  wAter  Tlir  wliUe  orystfiJIine  »««>ll(l  ionti  t>t'KlnR  to 
■m,  nod,  i*»  rhe  <-k|)irat)on  of  twenty-mln  lMiur«.  Ilie  rrnrlinn  rtpj>L-i»r»  ct»in|ilrtc. 
le  new  |>mduet  U  iic^rnnp'iniPd  by  nn  eHoenlinuly  votftTtle  ifrrcitlt^li  hquld  liAi  Ing 
le  cliirActcra  uf  [iilruim  'icld  Th«  wtille  eiih^liut'e,  on  nunlyaU,  wn*  fotmil  to 
lOt^ia  the  plrinrntM  of  fwn  mrtlrrulf*  nf  iiul|ihurtn  n\ldr,  miil  en<*  of  nitrniis 
oMde,  or  N\0^aSO,.  Ill"  K  Provoflnye  rxplAlnii  the  AfinmnllOR  In  th«  dtlTrreut 
Auilyiei  of  the  leiid«n-«hKmh«r  iiroituRt,  by  «howinic  thAi  the  )mr»  Bub8tKr)«e  forms 

Uhlm.  Phyi.  Ix^iii  3«  j    See  Hlnn  UVber  (Jnhrcslwricht  fir  CUeiii\e,\WA,V-T*  v 
Jrf^,  p.  eSi  Boll.  Soc.  Chlm.  iiv  Piiris,  I»6y,  i.  i&j.  1  r  », 
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Wljen  thrown  into  water,  it  is  rcsolred  into  volphtiric  add,  nitrof*en 
dioxide,  and  nitric  acid.  This  ciirinu»  Iwdj?  \i  oortainl.v  vrry  niwn  pn>- 
du^-^  in  largi'  ituaatity  in  tht'  li-adt*n  cljauilM-'m  ;  Imt  that  it«  {•nHluction 
if  inili«p«-iiaali)i*  li>  tin*  nucoesa  of  tlif  jiroct^te,  and  couiitaul  wbcD  thr  o|»e- 
ration  goes  un  wkM  and  tho  uitrogeu  tetroxide  in  not  iu  excess,  may  perhaps 
admit  uf  doubt. 

Thu  water  at  the  bottom  of  the  chaml>er  thujt  iHH.'omeA  loaded  with  «ul- 
phario  aoid  :  whon  a  certain  degree  of  strength  haH  been  reached,  the  avid 
i*  drawn  off  and  <v>nci'ntrat(«i  by  eraporation,  Brat  in  leailon  pans,  aiu 
aftt'rwanU  in  »tilU  of  platinum,  until  it  attains  a  density  (when  cidd) 
1.84,  or  tht^rcAlMiutji  ;  it  is  then  transferred  to  carboys,  ur  large  ^li 
hotlles  (itteii  in  bo^iketH,  for  sale.  In  Great  Britain  thin  manufacture  is  oi 
of  great  national  importance,  and  is  cnrrieil  on  to  a  va^t  extent. 

Sulphuriu  arid  is  now  nion*  fr».*<(uently  madf>  by  Iturning  iron  pyr)to», 
poor  copper  ore,  or  zfn(--blende,  int<lead  of  Sicilian  Puljthur:  am  thus  pi 
pare«l  it  very  frequently'  contains  arsenic,  from  which  it  may  be  freed,  ho\ 
ever,  hy  heutint;  it  with  a  small  quantity  of  soiiium  chloride,  or  by  poAsii 
through   the  heat^N)  acid  a  current  of  hydrochloric  acid  gaa,  whereby  the 
antenic  bt  volutilizinl  &s  trichloride. 

The  m«R*t  i-oncentratfvl  suljduiricacid,  or  oil  of  vitriol,  as  it  is  oft^'n  called, 
is  a  definite  eombiuatiou  of  40  parts  Hulphuric  oxido  and  9  parts  of  water, 
and  is  representee!  !iy  the  formula  H,O.S0„  or  H,SO^.  It  is  a  ct-th»rles9 
oily  liquid,  having  n>«pecifie  gravity  of  al>ont  1.85,  of  intensely  acid  taato 
a.nd  n->action.  Orif^imic  mutter  u<  rapidly  charred  and  degtroyofl  by  it.  At 
the  temperature  of  —  2uO  c.  <—  l.SO  F.)  it  freeze*  ;  at  327^  f.  0;2*iO  V.) 
it  bolls,  and  luay  In-  distilled  wilhtmt  deeomjMi^ition.  Oil  of  vitriol  has  a 
moKt  energetic  attraction  f(tr  water  ;  it  withdraws  aqueous  va^Kir  from  the 
uJr.  and  wh<'n  it  im  diluted  with  water,  great  heiil  is  evolviil,  »o  that  tlto 
mixture  always  requirt^  to  bo  made  with  caution.  Oil  of  vitriol  is  not  the 
itnly  hydrate  of  sulphuric  oxide  ;  throe  others  are  known  to  exist.  When 
the  fuming  oil  of  vitriol  of  Nordhause^  is  exjKwed  to  a  low  temp<-rature.  a 
white  crystaUiue  subittanoe  geparatos,  which  is  a  hydrate  containing  half 
as  inuL'h  water  as  the  rniinnon  liquid  acid.  Knrtber,  a  mixture  of  1^8  partA 
of  strong  liquid  acid  and  18  parts  of  water,  2H/XS0,  or  lljS<),.!!jO,  con- 
geals or  rrystallizes  at  a  teiiiperature  above  I'O  (.*.,  and  remains  solid  even 
at  1.'^  ('.  (450  F.>.  Lastly,  when  a  very  dilnte  arid  is  coutvutratcd  by 
ev.'L|»oration  in  a  va<.'uum  over  a  surface  of  oil  of  vitriol,  the  evaporaticm 
stops  when  the  sulphuric  oxide  and  water  bear  to  e.ach  otlter  the  prop«»r- 
tlon  of  80  to  54,  answering  to  the  fonmilA,  311^0.30,  or  HyS<*,.2H,0. 

When  the  vajfor  of  sulphuric  acid  is  pa»»e4l  over  reil-hot  ]>latinum,  it  is 
de«nii|MMed  into  oxygen  and  sulphurous  acid.  St.  Claire  Deville  and 
Dt'bray  have  recnmmendcd  this  process  for  tlie  preparation  of  oxygen  on 
the  liirgt'  Hcnle,  the  sulphunms  acid  being  easily  sei>aratod  by  its  solubility 
in  wafer  or  alkaline  {Solutions. 

Sulphuric  arid  acts  readily  on  metallic  oxides;  converting  them  into 
sulphates.  It  alsndei'omfioses  rarlinnntes  with  the  great<'flt  ease,  expidling 
varl>oii  dioxide  with  elfervebuenee.  With  the  aid  of  heal  it  likewise  dwom- 
jMisi»*  all  other  snU.s  containing  ae.i<U  more  volatile  than  ilholf.  The  sul- 
phates are  a  very  important  class  of  salts,  many  of  them  being  extt-n^ively 
used  iu  the  arts.  M^ist  sulpbat«-«  are  siduble  in  water,  but  they  n^'  in- 
soluble in  alodml.  The  barium,  calcium,  strontium,  and  lead  salts  are 
inwdublu,  or  very  slightly  solubb*.  in  water:  an<l  are  formed  by  pn-inpi- 
taling  a  soluble  Anlt  of  either  uf  tlutt-*  metals  with  sulphuric  acid,  or  a 
soluble  Dietallie  sulphate.  ItarJum  sulphate  is  quite  iuMoIubb*  in  water 
eunsequently.  iKuIphurio  Acid,  or  \\a  soluble  salts,  moy  be  delecled  with  tlu 
greatest  eaar*  by  solution  of  barium  nitrnto  or  chloride:  a  white  preeipital 
hi  iJjurebjr  formed  which  aoe«  not  difisolre  In  nitric  or  h/droclUoric  acid. 
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Diaulphatlc  ur  FyrOBOlphnrio  Acid,  H^S/),  (al^  called  f^min^  *SuI- 
phuricAciii  and  yordhua^tn  ."^uijtttanc  Avut)- — TiiU  ftcKl  contaiuK  th«  cittnenta 
of  rme  molcciilc  of  f>alpliurio  oxuio,  and  ont*  nuiletniU' of  fiulpburio  acid, 
or  uf  twu  luultiuuiua  uf  aiilpburiu  at-id  imuus  vno  molnrule  of  water: — 

It  may  bw  obtained  of  definite  c<'m|H>ftitton  and  in  tin*  crystallinp  form  by 

adding  liquid  sulphurir  oxido  t4}  stri»tig  Bulpliuric  arid  in  tht*  proporlionfl 

v,i   indicat«'(l.     The   n'sulting   cryKtalri   uielt   at   3£>0.     Thi»   arid  wim 

{(tmnllv  prvparvd  at  Xurdbaum'n.  in  Haxouy,  fnmi  in  iinpur**  ft*rrio  sul- 
pUaUi  nhiiiiMi<il  by  rx^Mising  ordinary  ft;rrnus  ■itilphati'  (^frtt  ritrio))  (n  a 
niodvrate  bi'-at  iu  cunUu't  with  tbc  air.  This  fvrrir  hiilpbatt*  ia  dintJlb'd  In 
■alpliur  retorti  arranf(«<<l  in  a  revorbcratory  fnriiactr,  and  the  di»»tillAl«*, 
eondiating  chiedy  of  sulphuric  oxide,  is  received  in  a  small  quantity  4tf 
water,  or  mure  fr^u«-utly  in  ordinary  AtroitK  sulphuric  ai-id.  A  brown 
filming;  litjiiid  i.<t  Ihux  obtaint^l  whii'h  a^reeit  nearly  in  compoallion  with  tlie 
formula  H/>S|Of,  bos  a  siwcific  gravity  of  l.lf,  e:o]idlfies  at  yO  c*.  lo  colorlt*»fl 
ory^ftats,  and  ii  resolved  at  a  gnntle  heat  into  SO,,  which  dialila  over,  an<l 
UyisOi  which  rmnaina  behind. 

The  mauufacturu  of  fuming  sulphuric  acid  iu  the  manner  jUEt  described 
was  flr»t  praetised  at  NordhaiiaiMi,  in  Saxony,  and  appears  to  have  l^ovn 
known  since  the  fifteenth  ci'ntiiry :  but  it  is  now  carried  on  almost  exda- 
Mively  in  Bohemia.  An  easier  and  mnre  prwluctive  meiho'l  of  obtaining 
th<^  sulphuric  oxiHt*  required  for  its  formation  is  that  of  Miwt^el  and  S(|uir«>, 
alreoily  dcsiTil>ed  (p.  VM).  Fuminp  sulphuric  acid  v&a  until  lalely 
euiploye<l  only  for  dissolving  indigo,  but  It  is  uow  useil  tn  very  large  quan- 
tities for  dissolving  onthraquinouo  for  the  maonfacturv  of  artificial  alisaiiu. 
(yet!  Organic  Cheniislry,) 

The  pyrosiilphatea,  that  of  pntas^um,  for  exnmple,  whidt  has  the  com- 
posiiton  K|i>,o,,  or  Kj.SO^.Ji<»„  arc  prepared  by  the  aeliun  of  sulphuric 
oxide  on  the  corresjionding  sulphates.  When  strongly  heated,  they  giv« 
oir  sulpburie  uxiile,  and  are  converted  into  sulphate's. 

Hyposulphnrons  Acid,  II^SO,  (niso  culled  Ilyiln^nulphnmus  Acii/),^ 
Tbitt  m-iil  i^  tornii'd  by  thi>  action  of  zinc  on  an  aqueous  snhition  of  sul- 
phurous acid.  The  zinc  disMulvira  wtthont  evoluliun  of  hydrogen,  merely 
removing  an  atom  of  oxygen.  A  yellow  soUitit-in  is  thereby  formed  which 
po:iSes.'*es  much  greater  decoloriiing  power  than  sulphurous  acid  itself,  and 
quickly  reduces  the  uietals  from  salts  of  silver  And  mercury.  This  solu- 
tion iri,  however,  very  unstable,  and  quickly  loAes  it«  bleaching  p«wer, 
A  mere  definite  prtnluct  is  obtainal  by  imm>-rbing  clipping:^  of  zino  in  a 
concentrated  solution  of  acid  sodium  sulphit**,  NallSO,,  contained  in  a 
okifted  ve*ise1.  whereby  sodinm  hy]»osulphite,  Na^f^O,,  and  sinc-aodium  sul- 
phite, Nap5n(S0,),.  are  produced,  the  latter  crystalliiing  out.  To  isolate 
the  byposnlphite,  the  liquid  is  decanted,  after  alMUJt  half  an  hour,  into  a 
flask  three-fourths  filled  with  strong  alcohol,  and  the  flask  is  sealed.  A 
crviitalline  pr«Krjpii]ii«  immediately  forms,  consisting  for  the  most  part  of 
ainc-sodium  ftul))hite,  while  nearly  all  the  hyfioHulphite  remains  dissolved 
in  the  alcohol.  The  solution,  decants  into  a  lla.^k  quite  filled  with  tt, 
well  closed,  anil  left  iu  a  c<m)1  place,  «oiidifiea  in  a  few  hours  to  a  maaa 
of  slender,  colorless  ueeilles,  consisting  o1  sodium  by  posul  pit  i  te, 
which  must  be  quickly  proased  lietwiM^n  folds  of  linen,  and  dried  in 
ft  varunra,  aa  it  becomes  very  hot  if  exposed  to  the  air  in  the  moist 
itt* ;  wfaou  dry,  howrver.  it  ia  not  affected  by  oxygen.  Tbif>  salt  is  very 
luble  in  wati^T,  aoluble  alao  in  dilute  alcohol,  the  Rolutiona  exhibiting  all 
"^the  bleaohing  and  reducing  properties  above  d^crib^d*     The  cryataU  when 
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exposed  to  tlie  Air  are  eomplet«l/  ooDTerted  into  acid  sodium  Riilplnt4 
NnllSOy.     By  heating  them  with  uxaliu  and,  liyposulphurouf*  acid 
taititid,  OS  a  dft.'p  tirang*'-i.i"lMn*d  hlmnglv  Mcachin};  liquid,  which  quickly 
dttcoinpo!^!*^,  U-t-ouiing  colorless,  and  de]Xttiiting  Bulphur.* 

Thioaulpburio  Acid,  IT^jO,  (formitrly  caIUmI  Hi/pondfthuraus  Add), 
B/  ili^'t!stiug  iiulphur  with  u  Dululion  of  (lotassium  ur  ftodiiuiu  snlphiU'.  a 
portion  of  that  aubHtauc«  is  ditiHulvvd,  and  the  liquid,  hy  sluw  uvaiiurution, 
funiishLit  crystals  of  thHwulpliati*  :  Na^SOj  +  **  ^==  ^"■rS^V  ''"'**'  ■*'''*^ 
Itst'lf  \n  swiretd.v  known,  fur  it  cannot  be  isolated  ;  whun  )iydrooliloric  acid 
id  addtKl  to  a  tiul  tUiun  (^f  a  thiiisulphalc,  the  aoid  of  th«  latter  ia  almost 
in!«lai)t1y  re^nlvH^l  into  snlpliur,  whii'h  prccipitaleA,  and  sulphurous  ai^id, 
eaisily  rvou^iixed  b>*  iU*  wlor.  In  a  vltj-  dilute  Holution,  however,  it  ap- 
pears to  remain  undecompcwe*!  for  (wxne  tinn*.  The  alkaline  thioMulphatea 
readily  dissolru  certain  ualti*  of  silver,  a.s  the  uhloriile,  whleh  artt  intioluhle 
in  water — a  proi^rty  whieh  h/u*  i^uiferred  ujMrn  them  u  eousiderable  tihart) 
of  impttrtunee  in  relalitm  to  the  art  of  jOioiivgraphy.  They  are  also  much 
used  aa  antiohlures  fur  removing  thu  laist  trai'4»  of  dilorino  froia^ 
hleaehtnl  giHids. 

Selenloaalpborio  Aoid,  M^SttSO^. — ThU  acid,  having  tho  composltio 
of  liulpliurie  auid    in  wliiiti  1  atom  of  oxygen   ii)  replacwl   by  huleulum. 
furineil  by  direct  addition  of  »elenium  tusulphurouB  arid.    When  seleniu 
is  iligeHtetl  with  a  solution  of  neutral   p>ta»«ium  aulphite,  and  the  eaail, 
dHiujiniMJrtiblM  liquid,  after  hein^  lUtert'd  from  the  Wfli-niiim  whioh  se|iara 
on  ctKtilng  and  dilution  with  watt-r,  in  h'ft  to  cvajHirate  ut  ordinary  tem[ 
niluretit  Ihero  cry»talU«et*  out,  Jii'Kt  a  upariti^l.v  stduble  seloniferous  ealt  in 
small  shining  ]>ri>iiii.s,  afterwards  n  mueb  iwiro  Holuhle  salt,  wliieh  is  the 
tfhief  produut  of  thu  reaolion,  whilu  the  uxctitia  of  sulphite  remains  iu  tho 
mother-liquor. 

Tho  more  aulublt*  soleniferouaaalt  ia  potassium  seloniosulphato,  K|SeSO,. 
It  is  likHwiso  furmeil,  tugutherwith  thiuttulphatu,  when  a  solution  of  }H>taa- 
siuna  selenide  is  mixed  with  sulphunniH  a»id.  It  i-rystallizeK  rewlily,  even 
from  small  quantities  of  solution,  in  large,  very  thin,  nix-sided  tables 
belougiu;;  to  the  rliouibie  sysletn,  whi<:lideliqui.tyee  inmoitit  air,  and  efHiprcJteo 
with  partial  hhis  of  water  over  oil  of  vitriol.  When  heate^i.  they  turn 
brown  and  yiuld  a  JH)1yl^ulpllide  of  potassium.  Water  separatcM  H«leniuui 
from  them,  and  thu  tUtered  solution  yields  by  evaporation  crystals  whieh 
again  rcauc  in  thu  gaiuo  way  with  water,  so  that,  by  repeated  crystalliui^ 
tion,  tho  whole  uf  the  seleuiosulphate  may  bo  dei:iom posed ;  the  liquid 
then  contains  «eleniutrithi4oiate.  Aeidri,  even  suIphurou^H  acid,  throw  down 
thu  whiile  of  tb(»  selenium  from  thcaqueiui'4  solution  ;  barium  chloride  and 
baryta- water  j>reetj>itato  barium  sulphite  and  selenium  ;  raleiiim  and  man- 
ganese salts  give  rise  to  a  similar  d^H-omposition.  With  ammoniaeal  silver 
solution  the  seluniosulphiite  forms  a  precipitate  of  silver  svleuide,  together 
with  puiaasium  sulphate  : — 

KiS«>Sn,  +  Ag,0  «  Ag,So  4-  K,SO,. 


The  tulphttes  of  swllum.  ammoniara.  and  magnesium  re»ct  with  s«l 
niutii  iu  the  same  manner  as  the  iM>ta»sium  salt,  Iho  magnesium  salt,  how- 
ever, very  shtwly.     The  seleniusulphatea  of  sodium  and  ammonium 
very  unstable, 

Dlthlonio  or  Hyposulphtulo  Aoid.  n^,Og. — Tliia  Auid  is  preparew, 
by  suspvudin^  fluely  dividwi  maugauusu  dioxidJu  iu  w<i<ir  artificially  vwk 
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and  then  trftnftmittiog  ft  stream  of  finlpltnmiifl  acM  gt»;  the  dloxMe  U 

rutues  louuuxiilt',  half  ila  cixygeu  iviivvrling  (ht*  >»iilpriun)ti»  into  dithioitU 
acUi  :  MnO^-f- *^0|^  Mm.?,0^.  The  man^auv!ii*  daiimimtv  tUu:*  j>r«|Mir«(|_ 
in  dMXitupuMMl  by  A  «>lutioti  ui  pure  b&riuui  hydralr,  aiuI  th»  bAriuiii  nalt, 
in  turn,  hy  c^mnigh  suljihuriu  iicid  (•>  pr*Tipitai*j  the  bat*«'.  Thf*  i>4>luti<m 
rif  dittti'-iiiii^  A4^id  may  i***  conciMitralfd  l>y  fvaptiratinn  in  a  VAfuiiin,  until 
It  acqairus  a  doiuiity  of  1.347  ;  mi  further  oouofutratiuu.  it  documptiSfs  int«^ 
auLphuric  and  9ulptiuruu»  AA.'i<U.  It  has  no  udor,  ih  wry  auur,  and  foruiaj 
auluhle  aallfl  with  barytu,  lime,  and  load  oxidu. 

TrithlonlO  Add,  IIt^/'«. — -^  *n!wtanroar«^i(It»ntaIly  formed  by  LungloU,* 
iu  tlir  prfparrtti(»u  of  ptitiL^sium  thiosulphatt*,  by  gt-nlly  heating  with  )»u!-'j 
phur  &  fiolutitni  of  ptjtattiitum  carbonate  8aturat)*4l  with  itulphurouH  ac-id. 
It  i»)  also  |iro(lur4-d  hy  the  nction  of  Mulphuroun  oxidf  on  ptitriMsium  tbi<w 
aulphato  :  2K,tigO, -f  ;j  St »,  sa  iJK^jOj -f- I'*  Its  ealttt  bfar  a  great  reninu-' 
blanot5  to  thnt(o  of  lhi<wulphuric  aviii,  but  differ  t,-ouipU*tfty  in  eompotiition, 
whilv  th«  ariil  it»f^\t  ifl  not  quitt?  ao  prone  to  change.  It  in  oUainM  b/ 
deoumpooiug  the  potofiHiam  flalt  with  hyilrofluosilicic  acid  :  it  may  lie  am- 
cenirattKl  ujxlur  the  rec«'ivi"r  of  tht*  air-pump,  but  is  gradually  diM'onipoiit 
iuto  -iulphur,  iiulphurouit  and  sulphuric  acid. 

Tetratbionio  Acid,  H^,Oj. — This  acid  wa«  discovered  >>y  FonioH  and 
Orlid.  When  iixliuf  irt  addeii  to  a  solution  of  barium  thloeulphate,  a  Iarg«' 
quantity  uf  that  ttuttHlanct*  im  duwolvml,  ami  a  clear  eoh>rhM)i  soluti*ill 
obtain**il,  which,  ))»<Mldes  barium  iiMlidu,  containn  l>arinm  tetrathlonale  : 
2BaS,<J, -^  if^  Ral| -I-  BaS,<)g.  Bysuitablu  mcanti.  the  aeideaii  be  elimi- 
natcil,  and  obtained  in  a  stntn  uf  solution.  It  v(>ry  elottvly  nm»^ibb*8 
dithionio  arid.  The  £uune  acid  is  produetMi  by  the  action  of  Hulphnrous 
acid  ou  chlorine  dUulphide. 

Fentathlonio  Acid,  II  .SjO,.— Tliis  acid  was  diacrivnrod  by  Wackcn- 
riKler,  who  fonnod  it  t>v  the  nction  of  hydrogen  HulphidH  on  Kulphurotm 
acid:  5H/*<>,4-  5M^  =  H^sOg+  911,0+  8j.  It  in  colorless  and  inodoroud, 
of  acid  and  Iillt4>r  tAste,  and  rapableof  b«*ing  conLwntrat«td  to  a  oouaiderable 
exti'Dt  by  cautious  evaporation. 

rndcr  the  inllnenoe  of  heat,  it  in  deooniposod  into  sulphur,  sulphuroud 
and  sulphuric  avtds,  and  hydrogen  Hulphide.  The  ffaltA  of  [xitnluthionio 
aoid  are  nearly  all  siitubb*.  The  bariuni  vail  rrvNtalliziif  froia  aI».ihol  in 
aqnarfj  prLtiit>«.  The  acid  is  aUo  formed  when  b-ad  ililhionnt*>  is  deiv)m- 
poaed  by  hydrogen  sulphide,  and  when  chlorine  muiioHulphtdo  la  hoatMl 
with  Bulphuroua  aoid. 

Sulfthfir  trith  TlydroQen, 

Hydrogen  Monoaulphide — Sul/ihtfiric  Add;  ITydrosHlpkurie  Acidf 
SuifiAurftlrti  Jiydfvgicn,  M^. — Thrro  an;  two  metlioild  by  whit'h  tliis  import- 
ant ooui]>ouud  can  \k  readily  prepared,  namely,  by  the  action  of  dilutv 
sulphuric  acid  ujMn  iron  monooulphide,  and  by  tlie  deaim]>oHition  of  anti- 
mony trifiulphld<:  with  hydrochloric  acid.  Thu  flrst  muthud  yi«ddii  It  uii>t>t 
6flj4ily,  the  Hect)Md  in  tbu  purmtt  state. 

irrm   monortulphidu  is   pnt   into  thr  apparatus   for  hydrogen,  already 

.Several  tiniC9  mentioned,  together  with  water,  and  oil  of  vitriol  is  Added 
by  thp  funnel,  until  a  enjootm  disengagement  of  gn.s  takea  place.     This  ia 

■la  bu  oolU'Cted  over  Ivpid  water.     The  roaciiun  '\a  thus  explained : — 

Fe8         +         H,SO^         =         n,s         =         K.-f*0, 
Uyilfogea  Hydrutcrn 


Ferroui 

dultitiUJo. 


■ulphnte. 


tulphlde. 


Ferroui 


BVLPUUa. 


Br  tUu  utlipr  plan,  Oucly-powderod  aniimonv  trisalpliide  is  put  into  a 
fla&k   to  which  a  i^^rlc   ahil   lirnt   tube  can   be  ailapttxl,  and   strong    Uqui 
h/(lnx*hloj-iu   acid,  {mured   U(>oa  it.     Ou  tht;  applieatiuu  of  Itent,  a.  d 
inlvrchaugu  occurs,  hydrogvu   sulphide  and   autiiuuuy    trichloride 
formed.     Tbt*  autioo  \m^u  only  while  the  heal  ii*  maiutaiued. 
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Hydrogen  sulphide  ie  a  colorlpsa  ga»,  having  thv  odor  uf  putrid  eggg  ;  U 
Ifl  most  ulfeiutivu  when  in  tiiuull  quantity,  when  a  turn)  truce  is  preAvnt  iu 
the  air.  It  ia  iiul  irritaul,  hut,  uu  the  contrary,  powerfully  uarootii 
Wh«n  set  on  fire,  it  biirus  with  a  hlue  tiiiiue,  pioduuiug  tiulphuroua  aci< 
when  tlie  tiupply  of  air  is  abundant,  and  depositing  nulphur  when  the 
oxygon  i«  delicient.  Mixed  with  chlorine,  it  lit  inataiitly  decomposed,  with 
separation  of  the  whole  of  the  butphur,  ^^_ 

This  gas  has  a  8peeiilu  gravity  of  1.171  referred  to  air,  or  17  referred  tj^| 
hydrogen  aa  unity  ;  a  litre  weight)  l.MSyX  graiiu$.  ^^H 

A  presflur)^  of  17  atuio&pherufi  at  lOO  C.  (6liO  F.)  reduoea  it  to  the  liquid 
fonxi.     Cold  water  iliMiiolvea  ILb  own  volume  of  hydrogen  sulpliide,  and  the 
finltition  iH  used  aa  a  tent  ;   it  ifl,  however,  aoniewhat  prone  to  dfooiupoftitioa, 
by  the  oxyg«-'n  of  the  air,  and  should  therefore  be  kept  in  a  tightly  clo9< 
bottle.     Another  mode  of  U-ating  with  hydrogeii  sulphide  in  to  keep  a  lit! 
apparatua  fur  generating  the  ^a»  always  at  hand.     A  tinmll  lioltle  or  flosl 
to  which  a  bit  of  btnt  tube  ia  fitle»l   by  ft  eork,  in  t§u] 
pliiHl  with  a  little  iron  ttulphide  ttiid  water  :  when  it 
re«iuiriHi  for  uae,  a  few  ilropHof  oil  of  vitriol  are  add* 
and  the  gad  is  at  onc^  evolvi*d.     The  experiment  eoi 
pleted,  the  liquid  in  poured  from  the  buttle,  replat 
by  A  little  clean  water,  and  the  apparatus  w  again 
ready  for  use. 

Potassium  heated  in  hydrogen  snlphide  buma  with 
great  energy,  lieo<iraiiig  converted  into  Hulphide,  while 
pure  hydrogen  remaiuii,  et|ual  in  volume  to  the  original^ 
gas.     Taking  this  fact  into  accxtunt,  and  comparing  thM^f 
deiuiity  of  the  gas  with  iho^e  of  hydrogen  and  tiulphur^l 
vajHjr,  it  appears  that  every  volume  of  hydrogeu  sul- 
phide I'ontains  one  volunni  of  hytlrogen  and  half  of 
volume  of  aulphur-vafKtr,  the  whole  condensed  into 
Tolnme,  a  oonstitntinn  precisely  anahigous  to  that  of  water-vapor.     ~ 
corresponds  wiili  Its  eonip<»ition  by  weight,  determined   by  other  m( 
namely,  IB  parti*  sulphur  and  one  part  hydrogen. 

When  a  mixture  of  HH)  nit*aHure!iuf  hydnigen  sulphide  and  150  meaaori« 
of  pure  oxygen  i«  expbMled  hy  the  eletrtrie  spark,  complete  comhusltozi 
onsura,  and  I*H)  mea.<turra  of  Hulphiiroua  oxide  gas  are  produced. 

Hydrogen  sulphide  is  a  frequent  product  of  the  pnlrefaclion  of  organio 
matter,  lioth  animal  and  vegetable;  U  occurs  also  in  certain  mineral 
springs,  as  at  Harrowgato  and  Msewhere.  \^^»en  accidentalljr  present  In 
the  atmosphere  of  an  apartment,  it  may  be  iustanlaueouHly  destroyed  by 
a  small  quantity  of  chlorine  ga.s. 

There  ure  few  n'-agents  of  greater  v.ilue  to  the  practical  chemist  than 
this  !)ub»tauee  ;  when  brought  In  contaot  with  ninny  metallic  ;»olatione,  it 
gives  rise  to  precipitattw,  which  are  often  exo'edingly  eharaetfristic  in  ap- 
I>ear»nce,  and  it  lre«juently  affords  the  means  of  separating  metals  frum 
each  other  with  the  greatest  precision  and  certainty.  These  prtK-ipitales 
are  insoluble  sulphides,  formed  by  the  mutual  decomposition  of  the  metal- 
lic oxidea  or  chlorides  and  hydrogen  sulphide,  water  or  hydrochloric  add 
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:ing  prodooed  at  th?  samn  time.     All  Win  inptAla  ar»,  in  foot,  procipitatiKl, 

9ulpliiilHs  are  inftolubb*  in  writ<>r  nnA  in  ililutit  ai-iiU. 
miv  an<i  (AdinJum  8oIuii'»nw  iliii.-*  lr*'ftlt"I  giv*^  brif-ht  yellow  prtHitpl- 
I,  tlio  rMrin<_*r  tMiliihli\  tlu*  UlU*r  in<(uhiU)>>,  in  nniii)<mtuiii  bulphulo  :  tin- 
^alU  fprt>  a  brown  or  a  yellow  pri^Mpitatt*,  nriMirding  aa  tho  m^'-tal  i»  in  the 
vrm  of  a  stannons  or  a  Btntitiic  Halt ;  liotli  solublH  in  aininoniiim  snlphtdi*. 
[Antiiu<'>uy  soluiitms  givo  nn  oran^c-rinl  pr(>cJpitAt«  iM>1uble  in  amnion iuiu 
mlphido.    0-oppcr.  lead,  bi>tinath,]noroury,aiid  ail vcrsallA^iro  dark-brown 
blark  prH;ipitAt«^,  in>i(>1iiti|«*  in  annnonium  fiulpbtde;  j^Hd  and  platinum 
KalM,  bliirk  prtM'jpitHt^,  Holulibi  in  amnuniiuTn  siilpbido. 
lIydro<^>*n  Hu1pbid«  pos^t^scs  the  propertii's  uf  an  add :  it«  aulutlon  in 
'Wfttvr  r«*ddfiH  litmUH-pjipcr. 

Tht^  \tvAi  test  for  ihr  prf-tonce  of  th!a  com{)ound  U  paper  wottfd  with  solu- 
m  of  lead  aoetatt*.     Tliis  aalt  lit  blackened  by  the  aiuallefft  trace  of  the  ^oa* 

n^tlratffn    Pernulftkidr. — ThiR  T«ry  unHtablc  8Ul»itAnoti  i^i  prepared 
iy  tlu'  fullawing  moau^  : — 

!v|iial  woi^ht't  of  tdaktHl  lime  and  flowon  of  j>ul]*biir  are  lioilfd  with  5 
ir  (>  parlA  uf  WAtt-r  for  half  an  honr,  wiuTiby  a  <k't'p  orangu-color<<d  a^ilti* 
lion  id  produced,  ountaiuiiij;  among  othrr  tUiu(;B,  cjilriuui  lUuulphidt*.     This 
filtt*rt^,  and  nlowly  added  to  an  ^xottaa  of  dilute  aulphurio  arid,  witti 
instant  agitation.     A  white  prtwipitate  of  8<^'parnted  sulphur  aud  calcium 
ilpbatn  then  makes  its  app«*Aranre,  U%*-\.\ifT  with  a  quantity  of  3-ellow 
ity-looking  matter,  which  collecta  at  the  bottom  of  the  vessel  :    this  in 
lydrojien  jK-rsiilphide. 
ThiH  compound  \*  t»tfnerally  r^pftrd^d  aa  a  diBulphido  of  UydrojjeJi,  H^, 
kalo>;ous  to  tho  dioxidis  but  \\a  great  iiutability  prevents  the  deii^rmiua- 
in  of  its  compoiiition  by  dir<.*ct  annlvr^ii^.     llormann,  liowever,  by  treatinj^ 
Lryehniim  in  alr-oholio  fiolntion  with  ammonium  sulphide  containiuf;  free 
ilphur,  haaolrtainuii  an  orange-red  iTyj*tttllinei)omp<mnd,C„U„X,0^. 11.^,, 
rhicli  is  resolved  by  sulpliurlo  aeid  into  snluble  strychnine  aulpiiale  and 
yellow  oily  liquid  resembling  the  p*;n)u]phide  of  liydrogen  obtained  as 
kttuve.      Menr-e  it  rai^ht   bo  iufcrn*«l   that  this  jtentulpliitle  is  really  a  B4*d- 
|uiitiilphitle    IljH,:   but   Ih^gins  to  deri-nnjMihe  aii  rtomi  aa  separatt.'^l.*      (>n 
other  hflii'l,   K.  .Sfbiuidt,  by  treating  an  aU^hoUu  solution  of  Btn-rh- 
me  with   Hulphuretted   hydrogen,   hast  iibtolneil   a  c^-m{K«und  ccmtnining 
.'j,ll„N,0..;illjS,.     The  o(mi[kmitiun  of  hydrogi<n  jierHulphide  must  there- 
ire  Iw  regard<*il  oAKtill  undtMiidwl. 

llydr^gpn  perBuIpbiilo  dissolveB  plinftphoruA  and  fixline,  forming  a  phoe- 

thoruft  sulphide  and  hydrogen  i^idido  rtw|H)ctively,  with  erolutton  of  sul- 

»huretLt«lhydri>g  'n.  With  uhtorine  it  forms  hydrochloric  aeid  and  »ulp]iar 

'iloride,   ^|'-'l].      Bromine  acta    in    a  similar    manner.     Ammonia,   eitbvr 

e«>u.i  or  in  aiinoooH  (tolutinn.  decomposer  it  instantly,  b*aving  salpbur 

a  fK'Culiarly  brittle,  bliKteriTd  st;ite.      it  U  r«-markabl«  that  Hulpburouii 

'id,  which  rapidly  deoomptwefl  hydrogen  monoHulpliide,  with  separutiou 

■ulpliur,  haa  acarcely  any  action  ou  the  pemulpliidcf 
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Carbon  and  Sut/ifiur. 

Two  omnponndt  of  th«ee  elenientH  are  known,  tIz.  :  the  dlsulphide  pro- 
luewl  by  the  dir*¥^  combination  of  it:<  elemenl«  at  a  high  temper  at  ore,  and 
"le  monosulphide.  pro*iuci.iI  by  riHliictioii  of  the  dieulphidu. 

Carbon  Dlanlphide,  or  Blanlphldo,  Cfl,.— -To  prepare  this  componnd 
wiJo  porculaiu  lulio  tilled  with  pt*'i'.es  of  charcoal  which  havo  Ihhsu  r^ 

•  Brrtpht*  dfr  ileuttch  Chcm.  OeMllielmn,  IB08,  p.  it. 

f  t«tcM«;*i  AnntiUn,  cUxx.  2*7- 

i  W.  BMatM.iy,  t'hem.  Sac.  Journ.  1871,  »7. 


cuully  livatod  to  redness  In  a  oorer«d  oradble,  is  fixed  noroM  a  ftiraaoe  in 
a  tilightly  inclined  )>ntiilii)n.  Into  t)t»  lower  exlr«*mitv  a  tnli^ratily  vrulty 
tnbo  U  secured  by  the  aid  of  a  Lvrk  :  tliiii  tuFw  beniiB  duwnwardi),  and 
pa-sse^i  uvarly  to  Uio  bottom  of  a  bottle  filltnl  witb  fraguieutii  of  ice  aud  a 
littlu  water.  Thtf  portviain  tube  U-ing  lioatcd  to  bright  rwlncds,  fraguifiilA 
of  aulpbur  are  thruwu  iutu  the  upcni  «ud,  which  is  iuiui(.>diately  afterwards 
alopjMil  hjr  a  cork.  The  itulphur  inelta,  and  l>e('onu'^  convortt^l  into  vajHir, 
whioh  at  that  high  temperature  (Miubiueti  with  tbe  carbon,  fomiing  an  ox- 
Oeedinjjly  ToUtilu  wnuiwunJ,  which  is  umdenstMl  by  the  ice  and  oollecttt  at 
tbe  lM>ltom  of  tbe  vcnitcl.  Tbiii  ia  collected  and  redistilled  al  a  very  gontle 
heat  in  a  ri'tort  connected  with  a  good  oondenMT. 

For  i>r»'paratiun  on  the  Inrge  scale,  a  tubiitalrd  parthen  retort  is  filled 
vith  charcoal,  and  tht>  salphur  \a  droppcnl  in  throii<;h  a  portvlain  tul>e 
passing  through  tbe  iubuliia  and  reaching  nearly  to  the  lirjllum ;  or  thti 
charntal  U  contain<-d  in  a  large  iron  cylinder,  aud  the  sulphur  introduoed 
throi]<*h  a  pii>e  fitted  into  thct  lower  part. 

Carbon  di^ulpbide  is  a  transparent,  color1e«B  liquid  of  great  refractive 
and  diapt'ntivn  pnwer.  Its  density  19  1.-72,  that  of  itd  ra|>or  in  2.G7>  U 
Ixjils  at  4^iO  <•-  (lU'O  I''.),  and  emits  vapfir  of  consideraMo  elasticity  at 
common  temperatures.  In  its  ordinary  state,  it  has  a  very  repulsive  oilor, 
due  p45rhaps  to  the  prenencu  of  smnll  quantilien  uf  other  Tolatile  Hulpliur- 
com}>ouitd!t ;  hut  when  these  are  reinored  by  agitating  the  liquid  with 
mercury  till  it  ceaaos  to  hlaokon  the  bright  surface  of  the  metal,  it  la  enid 
to  luLVu  a  pure  elhert^al  odor.  When  set  on  fire  in  the  air,  it  burns  with  a 
blue  flame,  fonuing  carbon  dioxide  and  sulphur  <iioxide;  and  when  its 
vapor  lA  udxeil  with  oxygeu,  it  beoomea  explosive.  Carbon  disulphidu, 
when  hoatetl  with  water  in  a  seaknl  tulw  to  almut  li»!>0  C.  (3U7^  F-),  IH 
oonvcrtiNl  into  earlion  dioxiile  ainl  liy<lrogen  fliilphidu.  In  contact  with 
nascent  hydrogen  (when  h(iat^*d  with  zinc  and  dilute  salphnric  acid),  it  is 
converted  into  a  white  crystalliite  suttstanue,  liaving  tbe  oomposition 
CII^,  crystallizing  in  square  prisms,  insoluble  in  water,  akxthol,  and  ether, 
but  soluble  in  carlH>n  disulpbide,  subliming  at  l&t^  C.  (301P  K.),  and  dv~ 
oorapoaing  at  2m/3  C.  (Ili>2'^  F.).  Carbon  dtKulpbtde  freely  dissolves  sul- 
phur, and  by  spontaneous  evaporation  deptwits  the  latter  in  beautiful 
crytitals  ;  it  also  dissolves  phosphorus,  iodine,  camphor,  and  oaoutcbuuc, 
and  mixes  easily  with  oils.  It  is  extensively  used  in  the  vulcanization  of 
caoutchouc,  aud  in  the  laanufocture  of  gutta  p4*ri:ha ;  also  for  extractiug 
bitumen  from  mineral  sulwlanci'S,  and  oil  from  seeds. 

Carbon  disulphide  unites  with  metallio  sulphides,  forming  salts  called 
sulpbocarbonatefl,  whii-h  tiave  tho  oomposition  of  c&rbuuales  witli 
the  oxygen  replaced  by  sulphur. 


Calcium  rarlwnat*?, 
Calcium  snlpbo4?arl)Oiiat^, 
Hydrogen  sulphocarlwnste, 


CaCO, 
CaCS, 
H,CS, 


CaO.CO, 

CaH.CS, 
U^.CS, 


By  treating  tb^  ammonium  salt  with  dilute  sulphuric  or  hydrochloric  acid, 
an  oily  acid  liquid  is  precipitated,  consisting  of  hydrogen  sulphocarbonat 
or  sulphocarbonio  acid. 


Carbon  Monoaolphlde,  CS,   recently  discovf*rod  by  Sido).*  is  oh- 

taint'd  by  exiHrsing  tbn  iliMilphide  in  sealed  lutx<s  for  a  considerable  tiiue 
to  din^a  sunHhine.  It  is  then  precipitated  as  a  brown  jwiwder.  wbi<'h  may 
be  puriAe*!  by  distilling  ofT  the  undeuom|>oseddisulphide,  anil  washing  tho 
re^iidnnl  mixture  of  monosulphide  and  free  snlphnr  with  pure  djsalphide 
till  all  tho  free  sulphur  is  removed.     It  is  a  marooivwdored  ]M>wder,  with* 


b 
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oQi  UaU  or  smell,  and  having  a  nprciflc  gravitj  of  1.66.  It  {■  fnsolable 
In  watvf,  ftlwliol,  lurjwntinij-oU,  and  bt-nsine,,  elij^htly  BolnMe  at  tUv  \toiU 
\ng  hfjLi  in  t-arlmit  ilinulpbiiie  aiiii  iu  I'thiT.  It  (liKmutrf*  aUu  in  aitititici 
pnta^h  Mul  in  IntiliMfj:  niirif  acid  ;  thi?  §lr.nifrf»t  nitric  ticiti  i^a\i»*  i(.  At 
»tw»ut  :ftMio  i.'.  (Jiijo  K.J  it  tH  r«iK>lrvd  into  its  elmDenU,  a  bmall  quantity 
of  thf^  dt.sulphido  Itoing  formed  at  the  »Ainc  tiiu*>. 

Aeoordiiig  to  S.  Kern,*  cartM>ii  mnnofliilj>hidt'  i»  nl#<»  formed  by  the  pro- 
longed action  of  iron  wire  on  tbu  dii#ulphidv  in  9H*-aled  ItiU:*. 

CarboD  Oxyaulpbide.  COS.— -Tbis  oompaand,  dinrovHrrd  by  Than,  in 
prtKliii-'Ml  by  diriH;l  combiuatinu  when  carl*on  mmioxidc  nilk*«rl  wUli  vul> 
phar-rapor  is  jm^Piil  through  a  n-d  hot  jHtrct-Iaiu  tnU-.  As  thnft  prcpari-d 
it  i*  iiux«*il  with  free  cart HMi  nioni*xiik*;  but  on  ^m{i»iii}-  thi<  gas  through 
akidudtc  pitla^li,  the  oxy^ulphiit*.*  Is  uhifit<*  alMorUnl,  ami  umv  W-  liU<rat(.'«l 
iu  ih»'  purn  Rljit-  by  Irrntiiig  tlin  iiOutiun  with   hydriHhlorio  aciil. 

Carlwn  oxy*iilphidtr  is  al:*o  prodiioil  by  gently  hraling  thp  diitnlphide 
with  an  nfuivab'nt  quantity  of  sulphur  Irioxidp;  f'>^ -f- H4»j  ^  (>^) -|- 
B<>,  4"  H  ;  and  by  detomiiosiug  jMjtiiH?.iura  Kulpbocyanato  with  Diodt-ratf^ly 
dJlal«v«4ii(U  :  anlphocyauic  atid  IH'.NtJ  ia  thi'U  liUT&tt'd  and  d<.'roiiipQe«d 
by  the  wator  pre»eni  in  thu  maunor  rcprcsonitHi  by  the  vquativu — 

ucsN  -I-  H/)  =  Nil.  +  cao. 

Carlioa  oxysnlphide  is  a  ga**  of  up,  gr.  2.1(Mfi,  and  may  rnslly  Im'  ponrpd 
from  oni>  voi«:ti<I  l«i  anotlit*r.  It  has  ati  arouiatio  odor  like  ttiat  of  souw 
r-Ttinift,  ali^'htly  aLno  that  of  hydrogen  sulphide,  and  a  fr<-hlrr  arid  rrartion 
than  carlxin  dioxide.  At  a  luw  rml  huat  it  ia  pnrlly  ri-nnlvt'd  into  carbon 
monoxide  and  nulphur-vapcir ;  by  a  fine  plalinum  wirt*  ijjnitisl  by  the 
el^'^trlc  cormnt,  it  iff  slowly  but  completely  dii'onipoffcd,  yielding  an  iM|ual 
volume  of  carUm  monoxide.  It  bnriiH  in  tb**  air  with  a  faint  b)u*>  flouie, 
producing  carlM'n  dioxide  and  sulphur  dioxide;  with  1^  rol.  oxygen,  it 
forma  an  explosive  mixture,  burning  w  ith  a  B>bining  blutith-white  dame.  It 
Is  not  aetetl  ufHUi  by  rblnriiio  or  funiiug  niliio  aubl  at  ordinary  t^aipfra- 
turea,  and  dm>a  not  form  an  explonivu  mixture  with  nitrogen  dioxide. 

Water  aboorbii  alwut  ita  own  vutume  of  carlion  oxrtfulphide,  acquiring 
a  sweetish  and  aflerwards  a  pungent  taste,  and  det-omiHwing  it  after  some 
time.  It  appi'ara  to  exiAl  in  some  sulphur  spriiigb  and  in  the  solphuroua 
gaii*<!t  of  rolcanoe.  I'otaflh-solufion  almortie  the  ^n»  a»  rcmpletely  aa  carU>n 
dioxide,  though  b«!)  quiekly  ;  the  Boltition  exhibitn  the  rcaetion  c>f  nii'inllic 
Bulphifles,  and  when  treat»^l  with  aeidtt  giveti  off  lirdrogen  ttulphide  and 
cartton  dioxide.  Harrta  water,  and  lime-water  act  in  a  Kiniilnr  m.iiiner. 
Neutral  or  aeld  solutions  of  lead,  c«ipper.  cadmium,  and  HiUrr  Balte  ore 
not  precipitated  by  the  gas,  but  when  mixed  with  ex<*4*ss  of  nuiutonia  they 
yield  vith  it  characteriBlio  precipitatee  of  metallic  snlphidea.f 

Sulphur  antf  Chlnrinf. 

Three  ehlorid4«  of  ftulphur  are  know^n,  represented  by  the  formula, 
e,ri„  SO,,  and  SCI,. 

The  mttnorkloriiif ,  S<'1  or  S,C1-.,  which  may  alf*n  be  regardeil  as  a  disul- 
phide  of  rhlorine,  analogous  in Compowllion  tn  hydrogen  dioxide,  i»  pnv 
pared  by  pavaing  dry  chlorine-gaa  into  a  retort  in  wlii*.'h  ttiilphur  is 
sublimed  at  a  gentle  heat.  It  then  <liHtila  over,  and  may  lw»  eolleetecl  in 
a  receiver  sarronnded  by  iyiM  water,  and  freed  from  exei>»s  of  sulphur  by 

•  (liemippil  Xcwn,  xxxni.SM 

♦  See  njrtti^r,  \V«tta*i  Ulctloonry  of  Chemistry,  First  Supiilemant,  p.  400 ;  Secood 
Supplenivnt,  p.  202. 
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r**cliftoatiun.     It  is  .ilso  produrotl  bjr  distilling  a  mixture  of  1  part  sulphur 
with  i)  \>url»  BtiiiiuiL-  chl(jriiJt<,  vr  8.5  j^arta  lucrcuric  cliloride. 

DiNiilpUiilti  uf  chlorint*   is   a   moliilti   rtsldish-jrelluw  liquid,  having 
poculiar,  penetrating.  didagriKiablo  odor,  aud  fuming  vtrongh*  in  thv 
Specific  gravity  =  1.637.      Jt  UnU  at  lao"^  C.  (27U.80  K.).     It  dis»o 
in  carliou  dtsulphidf,  aK-vliol,  and  ether,  not  howover  witlmul  dt-tx>ui|' 
lion  in  the  two  latter.     It  diioulves  ttulphur  in  largo  quanlitii^,  uvpciiall 
when  heatud.     Wliun  Halurnti'd  willi  siiljdiur  at  unUiiary  teinpi-raturt.'?!, 
it  forms  a  oIoju*  yelluw  liquid  of  8]it>cilli-  gravity  1.7,  and  containing  alto- 
gether 6tJ.7  ptT  coat,  sulplmr.     The  aulutiou  of  cUIurinu  disulphidr  with 
HXCt-^Hg  of  autphiir  in  crude  bt*iizol,  is  ut^til  fur  vulconixiug  or  8uli>huri£iiig 
caoutchouc.     It  i.i   iiirttaiilly  deci^uijmhwl  by  watur,  with  foniiatiuu  of  hy- 
dnKdiloriu  aud  t}ituHulpiuirio  acid^,  niid  8t^>paratii>u  of  sulpliur,  tho  thio- 
BulphuriG  aoid  in  in  turn  d(M!om{ro»ing  into  oulphur  aud  uuLphuroufl  aciiH, 
id^n,  4-  aH,0  =  41101  4-  S,  +  H,i?jO,  (or  lljriO,  -I-  i^). 

Thti  tiicAlnriiir,  SClj,  ix  ]in»(lnci^l    by  pansing  chlorini'  to  saturation  into 
the  prec<»diug  oompound  coolwl  hy  a  mixture  of  ice  and  Bait,  and  exindling 
tho  vxwm  ot  cUloriuo  by  a  tttreaui   of  carl*uu  diuiide.     The  pntduet   ia 
doup  rod  liquid   bi^iliiig  at   l)>-]0  C.  (3*27. 2P  F.),  and  itmtaining  30,5 
cent,  of  sulphur,  iJIt.O  of  ohlorine,  agrt^iug  nearly  with  the  formula  S 
whieh  nMjnirea  31,07  per  cent,  tfulphur  aud  ()I:>.1*3  uhbtnue. 

The  tfitrachlofide,  SClj,  ia  pD'-jiarod  by  saturating  chloriufl  disutphide 
with  uhlorine  at  — 2(lO  C.  ( — 1'^^  K.),  The  prtMluct  ooutaina  81. Mt  |Hr 
i>'at.  ohliiripi^  aud  18.41  sulphur,  the  unutl>er8  calcuIattMl  from  llie  fomiula 
SCl^  biMug  81.01  aud  l!S,39.  Sulphur  tetraehloridL'  is  acted  uix'n  hv  buI- 
phuric  uxide,  protluciu;;  nuljihuniud  chlurido  together  with  cliloriuo  and 
Aulphuruui)  oxide  :  thu» — 

SCI,  +  SO,  s=  SOCl,  +  CI,  +  80,,» 

Oicyohlorldes. — 1.   Sulplinrous  Chluride,  S<^>ri,. — Tliifl  oompound.  also 
oilh'd   i'hiuritif  of'  ThioHifi,  ih  derivfd  frtmi  Bulphurouti  arid,  HOjU,  or  KO,^^ 
HO.tIO,  by  the  Mulmtttution  of  i!(.*l  for  2H(>.     It  i»  formed  by  the  actioi^H 
uf  water,  ah^ohnls,  adds,  etc.«  on  the  sulphid>3«  of  chlorine  ;  but  is  moa^| 
eAMily  prepartvl  by  the  ai-tion  of  pltoapboru*t  iH>utai-liloride  on  sulphurotas 
oxide,  or  by  that  of  phtrnphortis  oxyoliloridu  ou  nlphito  of  calcium : — 

SO,  4-  P(M,  =  pon,  4-  son,. 

3CaS0,  4-  2PCKlj  —  CajP,t\  4-  SSOa, . 


■--•o 

m 


It  i»  soparat^fd  by  distillation  from  the  fixeil  calcium  phoHphate  prodo 
8imultan*.H)uiily  in    thn   ait^ind,   and    by  fraetional    dibtillation    iruiu 
phnttphnruti  Mxyohloride  pn^iuood  in  the  first  reatlion. 

Sulphurous   ehlnride    is   a   c«»b)rltsis,   utrtmgly  refracting  liquid,   whi 
boila  at  H:iP  I'.  (179. <j'^  P.).     It  is  d«'or)mp*iN.*d  by  water,  yitdding  hydr»>- 
chloric  and  Aulphurouti  adds;  and  by  alc(diolH,  with  foruiatiou  uf  aluoholio 
ohiurldud  aud  Hulpburous  a<.nd,  thus  : — 


ioi^ 


son,  4-   2n,o 


80C1,   4-    2((ui..)n*)   =: 

Ethyl  alcohol.      Ethyl  chloride 


2nci   4-   H^, 
2r.H.n    4-    H,so, . 


J 


Stdfihnnc  chloridf,  or  Sttlphuryl  rUoride,  B0,C1,  (alao  culled  Chlorofulphuric 
arid),  is  fonnt?d  by  prolonsed  «X(K>tture  of  a  mixture  of  chlorine  and  aul- 
phuroufl  oxide  ga(>*«  to  strong  sunshine;  also,  together  with  plioHphoroB 

•  RFftp«<*tlng  other  reitrtlons  of  ihr  ehlnrldrt  of  nulphar,  and  p»(>eelnlly  their 
ilernmpoffUioa  by  bent,  tec  Wattft'i  Dtctioaary  of  CbeniUtry.SeooDd  Sunblcineat, 
p.  lltK 


BULtrUUR. 
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II       oKrchloridoi  lijr  the  aotioa  of  phoephorue  p«nUcUlorid«  on  lulphurio 

till*  ;— 

Bp,  +  PCIg  I-  POCI,  +  SOjCl, ; 

it  It  u  bust  prepaiwl  by  dislilUnft  fftroni;  itulpbnria  acid  with  the  |wnt»- 
loridu,  or  lead  ftulpliAte  with  Uiu  oxyeliloridB  of  phoaphoruH  : — 

Leml  phuupbat*. 

Salpburio  rhlnride  is  a  oolorlf^a  faming  liqnid,  of  speciHr  g:rnv;tj  1.A6. 

[I  l»i>iU  Rt  11-C.  (1T(*.*PF.),  and  mar  hv  distille*!  uneb.inpnl  ov4«r  rntmlio 

[luu  or  bar^ia.     U'licn  poari'd  into  iiratt*r,  it  fiinkn  in  llii<  form  of  oily 

>jiA,  wliU'b  RriMluatly  di«ap]>ear,  being  cunvertetl  iiitu  hydrouliluric  aud 

ilphario  a^tids : — 

80,CT,  +  2n,0  Bs  2HCI  +  H,SOj . 

'ith  alrokol  it  brbnreit  in  a  aimiUr  manner,  tltiiH  : — 

80,(1,  4-  2(C,Hj)H0  -»  2(Vli^'»  4-   "xf«\. 

tb<»   at^tual    rraction,    how»*vcr,   tlin   sulpburic   bcid   i»  converted 
LhybiUpUunc  acid  by  the  intorrcntion  of  anuUmr  atom  of  &lt»bot  :— 

H,so,  4-  (f\n,)m  =  ii,n  +  (f.iijnso,. 

Snlpbnrio  Hydrozyohloride  (>r  Chlorhydrate.  HCldO,  or  m,.no. 
M  (:iUu  calit'd  Cftittrfii/tlrxtmiphurnuit  Aciti). — Tbis  '"nnii'iiund,  diKotiverfil  l»y 
~  illianunn,  is  intenii»*diAt«  in  tvimptiAitinn   tn-twren  RiilpbuHo  actd   and 

ilpburiu  ublurid'%  id  dt-rived  fruiu  sulpbiirio  acid,  HO4II,  or  SO,. HO. 110, 
ly  thi4  aulMtitution  of  HI  for  IHU.     It  i»  i\u-  Gr^t  pnMluct  uf  the  action  uf 

lusphorufl  iH'UtacliIoride  on  strong  sulphuric   acid  : — 

8o,.iio.no  4-  PHj  =  poci,  4-  Hci  4-  so,.Ho.n. 

tbna  propared  It  U  mixed  vltb  snlphario  ohlorldo ;  but  It  may  bo  ob- 

lined   pure   by  treating  Aiilphnric    otid  with    pbospborua    oxycbloriil*?, 

lydrochlorio  acid  and  ractaphutiphDric  acid  bving  prtxluriMl  at  Iho  same 

2(so,.iio.HO)  4-  pon,  —  2(so,.iio.a)  4.  nci  4- 11  po,, 

l8  bIbo  formod  by  the  aotioii  uf  water  on  Eulpbnrio  chlorido; 
SOjCI,  -f  11,0  =  IICI  4-  IKISO,. 

Bulpfanrio  bydroxychloride  te  a  eolorletia  liquid,  which  bolls  at  about 

C  (3tf20  F.),  bt'ing  at  the  same  time  partially  rt^nlvinl  into  ttulphurlo 

!i.i  and  fiulphurio  chloride;  2HClSO,=!  H,S0,4- l.l,SO,.     Whwi  poiirwl 

ito  wattT,  it  sinks  t*>  tht-  iMttUmi  and  gradually  dissulves,  with  rornintlon 

byilrr>()iluric  and  i^nlphurir  fU'ltlH.      [t  bnm  dt>cidt>d  aiid  proportit*!!,  and 

irnui  d*finiti>  flalta  in  which  iLn  hydrogen  \a  replaced  by  nielaln.     Thus  it 

r>lvt«  0i*'liuiii  chloride  at  a  gentle  heat,  with  evolution  of  bydnx'hlwrio 

jid,  and  formation  of  the  salt  NaC'm<^>g. 

f^mtttlphtinr  fVtfritie^  S-OjCl,  or  (90jn)|0. — ^TJifa  compound  ia  fnmiod 
heating  together  phnfipbnnirt  pentaeblnriilo  and  ftnlfthurio  oxide  : — 
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PCI,  -I-  230,  =  a,o,a,  +  FOCI, 


•ftumicic 


oa  aslpkttrir  bjdrcnEyohkK 

.l4tiO  C  Ot04.tf3  p.>«  U  mm  wkUk  ii«l«r  ft  4m«u«m  shmlv  and 
ka»teel0nKj,  ami  ta  tliw  aiMtB««MMl  taa  HOfMrit  lijrdraaET.faforuir, 
lyhoah.  b  npUly  dMMntM«<  vMk  iliiiiH  Mc^lMtv«  TiolvMe.  when  Uirowti 
Into  VAt«*r.  ^Vh«.ii  h««t^  »Str«  te  Wlfa^  poia^  tl  k  nmArt^  into  vbio- 
ziou,  suiptiimHM  uxiAb,  ab4  tttlplkwW  mUiW  : — 

u 


I 


ilWd  U  lib*  «r«iMi  «r 


Carbon  Sulphoekloddt^  CdlV^^^  tampammi^  tlM  »a1phnr<ami. 
loKuu  uf  carUiii.^  I  ,  hl.«^i|«  «r  yfcwt^tai  (».  IM),  b  pr«tMekl,  tov-fili«r  with 
ciilorint^motiLVNu  ,  tk«  »rtiMi  vT  iby  dilwiB*  oa  «arb>n  dbolpbkle ; 

CS,+n,«s^t  I  r|ypawla^a»tactMwarh3Pitnigm«tplka»>M 

vapor  of  .:»rU.u  ^  -  -^-rti^tll  ft  ndW>tmb»i  Cn,-f  H^«SBa-f- 

C^'Lj.     It  U  a  >  "  Af  »  vv«y  terftatiaiE  odnr,  imt  *cl«4  vpaa 

woiifr  ur  acia~.  ■!  ^  pxHiifc  jWMing  |>i»liniMiM  iii? 

UQi  carLwouw,  uwl  c&rK«  lv(r»rbKw«4#  . — 


2r?n,  4.  sK,o  »  aC|S  -f  KjO)^  +  en. 


|pM|^ 


Sulphur  and  BTomlia*.*4traMtMft4b*alr«ia«l^ar,  foming  a  bmwa 
f«»d  liquid  probably  i-^ini^irtkiic  a  »Ht|sh»r  bffwiila  analogoiu  to  valph^ 
^^kWocliloHtEo  ;  but  it  h««  ib'A  U-i-m  olHAtawi  pan. 

Sulphur  and  Iodine.— T1i*im  ^ImhmiU  rombine  when  h'*At«il  together, 

^^-rt  iLU.Aor  WttUT.     Tb-'  r>'»uUinn  «a»|»uiKl,  S,!^  containing'  32  porta  of 

«Ma«^Hr  Anil  VJ7  part*  o(  n-liuo.  la  a  hUeUsh-grajr  nMiio-cry»t*Ulne  maaa, 

_j^^Mint  native  antimony  5ui|»hM^      ll  fl<<oonipnw«  «t  hijfhijr  t«tup<>r»- 

M|y«k  pviikc  uff  iiHiine  on  oxi)«>»iir»*  bt  tbi*  air,  and  ia  in»olubIe  in  water. 

ac  iV4  parta  of  it^Iine  with  32  parts  of  sulphur,  a  (•»<ni(K>nnd  la 

*kxli  »uu)l»  Ilk*'  iiKlin»\  and  is  said  to  be  a  iw.wprful  n-niwly  in 

4l9a^v»s     A  cinnal»ni'-r«.'*l  »»lpbur  itniide  is  nbtahieH,  Rc<Tor»ling  to 

%  arvduiuUttg  iodin«  Uichlorid«  with  hydrogua  aulphide. 


weight,  TO*.    Syn)t>oI,Sft. 

mtich  rvs(?inlilin^  sulphur  in  its  cht'tnicaL 

ion  with  that  fb;ui«'iil  in  tt^iuii*  few  bHaliliefl, 

cumbin&tiuni*,  as  in  tb*'  It-ad  m-lcnide  of 

ttLf*ri^^  >*•  *****  pui^*'"****  "'■*-'  **  trvated  with 

liv  rorlionob'-^,  «u*l  tlic  wnftb»il  aiui  driMd 

«tlh  an  equal  quanlily  of  Mnek  flux  (a 

^^  charcuftl)'     1*h«  ivleuium  u  thvr«hy 


SELENltM. 
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eonTertod  into  potaAfritim  fleloniiM,  which  hy  treatment  with  boiling  wator 

iliitsolve<l  away  fniui  tlie  uxiilett  ruruied  at  tht*  sanit'  tiuiv.     This  solution 

'iiftii  **xptiHed  Ut  tiift  air  altHfirbn  oxr^n,  an<i  yirlrlA  tht>  Helptiiuin  an  u  f;ray 

•posit,  Mrliicli  mar  be  purillptl  by  wuaUiiig,  drying,  and  diaiillMion.* 

St'KMiiam   la   a   r>'<ldi!*h-biMwn  rutVui    brtdy,   Hc)iu<*what    trniHlmMjut,    and 

laving  an  )iup4^rft>cl  niolAlliL-  lustre.     Iih  H|HHMtio  f^raTJly,  wh*^n  rapidly 

"U.»  i  ndi-T  fuHion,  U  4.3.     At  1<K»^C.  (2VJP  K-).  or  a  littU*'  alwve,  it  melta, 

id  Untri.     It  is  ttutoltible  in  water,  and  i>xhnl'*H,  when  lH'at«-d  in  thi?  air, 

[M  pi^citliar  and  disagreeable  odor,  which  has  Um>ii  cuniiuirod  to  Ihftt  »f  de- 

kyinj;  hno4*-radisti. :  it  li  iiiuulublu  in  aUx^iiul,  bul  iliitsolvL'M  slightly  iu 

carbon  butulphidu,  fram  which  solution  it  crystalllaes. 

Ozides  of  Selenlam. — Two  oxides  of  soU^nium  are  known.     Tli**  nne 

wtitaiiiin^'  tb**  *mrilK-ht  proiiorliou  ui  (txygon  is  foruiod  by  thu  iuiperftnit  etiut- 

bustioii  u{  eteluaiuin  iu  air  or  oxygen  gna,    it  is  a  colurleus  gnfi  which  ih  tbu 

luroH  of  Uie  puouiiar  liorAo-radijah  odur  above  inenUouod.   Itt»  compo«ition 

nut  kuown. 

The  higher  oxide,  SeO,,  called  selenious  oxid«,  is  produced  by 
burning  fitilimiuia  in  a  stream  of  oxygen  gan ;  it  contains  7U.4  iiarta,  liy 
weight,  of  selenium,  and  3i  of  oxygen.  It  la  a  white  sulid  vubslaucti  which 
absurUi  water  rapidly,  furming  a  liydroxide,  vi2. — 

Selenium.   Oxjtkod.    llydrogan.  Selealoui oxide  Water. 
SeIeuiou«  aoid    or        )        ^j  ^     4.      46     +        2  or  111.4     +     18 

Hydrogen  aelcmte,  f  ' 

This  acid,  ll^SeO,  or  Il,0.3eO„  analogous  In  composition  and  properties 

Aulphuniu.'s  aciil,  ii  likewiite  produced  hy  disfiulving  tu.deninin   in   nitrto 

nttroiuiiriatio  acid.     It  i»  depoeittMl  fruia  Its  hot  a<jue*>UM  Holutlon  by 

)W  iMHding  in   prisinatiu  cryHtal8   like  those  of  ftnlt{>etre  ,   but  when  tbu 

tltitioii  w  erap<-irati»<l  to  drynL-sH,  the  ueli'iiioiiH  aeld  in  ruHoIved  into  wat«'r 

d  selenious  oxi'le,  which  aul>Iimi>rf  at  a  liigher  teiuperatiire. 

SelenioU)*  acid  is  a  vi'ry  powerful  a<*id,  approximating  to  aulphurio  acid 

the  energy  of  its  rt-^aetions.     It  reddens  litiuuH,  decompoftt«  carlKmates 

rith  elTorveaeonce.  and  de»w>mpfrtiea  uitrateit  aud  chlorides  wiUi  aid  ttf  heat, 

\te  solution  precipitate:!  lead  andsilrer  saltH,  and  is  decomposed  by  hydro- 

m  sulphide,  yitddlug  a  precipitate  of  iteleuium  Hulpliido  : — 

IljSeO,  +  2n,S  ^  3n,0  +  SeS,. 

The  metallic  selenitea  resemble  thesnlphiten.  When  heate<l  with  so<!ium 
^carbonat*'  in  the  inner  blow-pipe  flame,  they  emit  the  rbaraeteristiu  odor 
•lenium.  They  are  not  deeompose<l  by  boiling  with  hydrotrhlorio  acid. 
3ol«nio  acid,  Il^ijet^,  is  a  more  highly  oxidiz*^!  acid  of  selenium, 
lalogous  to  sulphuric  acid,  and  'xmtaining  19.4  parts,  by  weight,  of 
tleuium,  tt4  of  oxygen,  and  2  of  hydrf>gen.  The  corresponding  anhydrous 
:ide  i»  not  kuuwn.    Selenic  acid  is  prepanM  by  fusing  {wtossiuinor  KOfHum 

titrate  with  Helioiium,  precipitating  the  nelenate  t«o  pro<iuced  with  a  len>l 
lit,  and  then  deo«imposing  th*!  compound  with  hydrogen  sulphide.  The 
lid  strongly  re8embU*s  oil  of  vitriol ;  but  when  very  much  conwntrated, 
isdecompoAed,  by  the  applloatton  of  heat,  intOHeleninus  acid  and  oxygen. 

*he  seleuates  bear  the  closest  analogy  to  the  ftulphati«  in  almost  every 
articular.     They  are  decomposi*rL  by  boiling  with  hydrochloric  acid,  chlo- 

Ine  being  evolved  and  a  salt  uf  selenious  acid  twing  pnxiucvd 

Hydrogen  Selenlde;  Stfftiht/tlric  Afi/i:  St^imiftted  //tfifrtHjm,  I[,Se. — 
Tlii»  buljbtiince  i.s  prtKluced  by  the  action  of  dilute  ^^ulpiiuric  acid  U|K>n 

•  For  nirther  (teiiillt,  nnd  for  other  methods,  see  Omelln't  Handbook  of  Ohem- 

ry.  EiiRllih  £>lltiou,  vol.  it.  t>.  -232. 


4 

n 


stUenide  of  poUuMlam  or  inun.  It  very  much  rcctembles  salphar«tted  bjrc 
gvu,  l)fiu|t  a  culurleas  gfts,  free]/  soluble  iu  wattT.  and  dtxxiui{»<Miiig  mtitnllio 
BolutiouH  Like  that  MibHtuice :  iniioluMt*  ttt«lMiiit4j»  tire  prodiieiMl.  Thifi  gaa 
id  said  to  ant  wry  iiowfrfiiUj  npon  the  lining  membrane  nf  tln.^  noav,  **x- 
cilini;  catarrhal  svuijtionu,  and  dt^slruyin;*  the  auuue  uf  uiuuU.  It  ooutaiua 
li^A  porta  Buluuiuiu  oud  2.  purtit  liydru^eu. 
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TELLURIUM. 

Atomic  wtlj^lii,  l^H.     Symbnl,  Te. 


This  element  pof«)*«<«>H  many  nf  tlin  rh.iraclore  of  a  tnMal,  bat  it  liears 
BO  oluno  a  rL'dcniblaiKH*  to  Holoniiiiu.  Ixuh  in  Its  physical  properties  and  ltd 
chomical  rtdutinuiit,  that  it  is  must  appropriatfly  pUced  in  tUt!  samv  group 
with  that  liody.  Tellurium  ia  found  in  a  few  nearce  niiniTalii,  in  aAsocfa- 
tion  with  gold,  itilvcr.  load,  and  bliiuiutb^  apparently  replacing  aulphnr, 
and  in  must  efidily  extrauted  from  thn  birtinulli  »«ulpho-t<eUiiridcf  of  Cliemnitx 
in  IJungnry.  This  finely-powdered  oru  ia  uiixiHl  with  an  equal  weight  of 
dry  H).Hliuiu  L-arlM>nal4',  the  Diixture  ui»de  into  a.  pn-itewith  oil,  and  heatiKl 
to  whiteneK.H  in  a  clAHi>ly  t'overed  rrtirihb*.  Sodium  telluriiln  and  Hulpbidt^ 
are  thereby  produced,  and  metallic  tii»muth  is  set  free.  The  fuse<l  mass 
18  disaulved  in  water,  and  the  solution  freely  expostMl  to  the  air,  whi'U  the 
aodium  and  sulphur  oxidizo  to  sodium  hrdrato  aud  thioaulphuto,  whilo  the 
tellurium  Beparat4.ia  in  the  metaUie  Htate. 

Tellurium  hnit  tlui  eolnr  and  liiHtre  of  silver  ;  by  fusion  and  .slow  cooling 
it  may  1m>  made  to  exhibit  tho  form  of  rhouil>ohedraI  crystala  »<iinilar  to 
Ihime  of  antimony  and  ar»eniu.  It  is  brittle,  and  a  I'lmiparativtdy  ba*l 
mndui ii>r  of  hrat  and  elcctrieity  :  it  had  a  density  of  (i.26,  uieltii  (it  a  littlo 
below  a  r(>d-lu'at,  and  volniilizt.^  at  a  hif;;her  temperature.  Tellurium 
burnn  wli^n  heat*^!  in  t)ie  air,  au'l  i^  oxidizeil  by  nitric  acid. 

Tellurium  form»  two  oxides,  anntogomt  in  c<»mtMisition  to  the  oxidcfl  of. 
sulphur,  and  Ukewiao  forming  ouida  by  wmbinatiun  with  water. 

Compoiltlnn  by  wripht. 


Formula. 

U^rUtugeu. 

Tellurium 

OxyueD 

Tcllnrona  oxide, 

TeO, 

128 

+ 

32 

aeid, 

U,TeO, 

2        + 

1^ 

+ 

4H 

Telluric     oxide, 

TiO, 

12« 

+ 

48 

avid. 

H.TeO^ 

2        + 

128 

+ 

64 

TellnrOQfl  Oxide  may  \v*  preparfHl  by  heating  the  precipitated  add  to 
low  rt'tliie»s.  It  also  Mo[>araLi«  in  ^euJi-e^ystalliIle  grainx  fnun  the  aqueous 
aoiution  i»f  tb*>  acid  when  gently  heate«i  ;  more  almndantly  and  in  well- 
definetl  iM*tnheflrona  from  the  jiolulion  of  telhirona  aoid  in  nitric  acid.  It 
ia  ftitiible  ami  rolntile,  wlightly  siiliible  in  water,  but  doett  not  rvdden  lit- 
mus. When  fused  with  alkaline  hrdmxiib-a  or  earbonat^v,  it  forms  tella- 
rites. 

T*llurnMt  An'ii  is  hwtt  nbtain#*d  by  deooni]Vwtng  tellurium  tetraebloride 
with  water.  It  may  also  l*e  prepared  by  dissolving  tellurium  in  nitric 
acid  nt  sp.  gr.  1.2ri,  and  pouring  tlie  hobitinn,  aftf-r  a  few  minutest,  into  a 
largi-  quantity  of  water.  By  either  prrx^iffiH  it  ia  obtainefl  as  a  sonit*what 
bulky  precipitate,  which,  when  dried  over  oil  of  rttriol,  appear*  aa  a  light, 
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white,  cArthj  mas*,  having  a  bitter  mptallio  taflt^.  It  is  slig:htly  nolnble 
water,  mor«  fasilv  soluble  in  alkalit^  ami  Aciild,  tlit*  nitric  Hoicl  holutjon 
mt*  Inking  unstable,     tiulphumus  acid,  xinc,  phoepliorati,  and  other  rcK 

tudng  agi'iitJi,  procipitate  metallie  tellurium  fruui  the  addilic-d  ttolution  of 
itiir4.iua  aeiil.  bike  ^eleiiimi:^  acid,  it  i§  dw^iniposed  hy  hydrogen  »iit- 
lide  and  alkalino  hjrdnx^ulpUidefl,  with  furmatioii  of  a  dark  brown  tidlii- 
iiu  aulphid*.',  which  diitHulvvsi  n^adily  in  trxcv»n  uf  alkalinv  hjrdroHutphido, 
ining  a  «ulpho-tt+Uurit*'. 
TelluroiM  acid  Is  a  hydroxide  in  whii-h  tht^  acid  and  basic  t^ndf  nrif«  are 
'ly  balanctxl  ;  iu  uthor  words,  thu  tclluriuui  of  the  coiupuuiid  can  rc- 
\r^  the  hydrogen  of  an  acid  to  form  ttillurous  salts,  and  the  hydrogen  of 
IV  compoond  can  be  replac«d  by  the  boaylous  metaU,  to  form  luetalllo 
Uurit«3. 


TifU4TBitr>i  Salts. 

Trixpbitm. 

Te(Sl»,),         Sulphr.te. 

HJeO. 

Hydnifipn  tuUnrite. 

Te(NO,)^        Nitrato. 

UKTeO, 

Pola.ssjum  trllurile, 

Te(C,Oj),      Oxalate. 

Hydrogen  and  potaealnro 

Tea4             Chloride. 

tellurite. 

H|KCT.O,), 

Trihydrnpotaesic    Icllu- 
rite. 

The  t^Uuritoa  of  potaaBinm,  sodium,  barium,  strontinnt,  and  ralrium* 
fwrmed  by  fujaiug  tullumua  oxide  ur  avid,  with  Ibo  carUtnalva  of  the 
rrerul  met:»ld  in  tiie  ntqiiirml  proiturtions.  Theete  telluriti-ii  ore  all  more 
LetiS  soluble  in  water.  The  ti'lluritee  of  the  other  metala,  which  are 
duble,  ore  obtained  by  precipitation. 

Telloric  Oadde  and  Actd. — Ktiunl  parts  of  tf^llumtisaxidr  and  sodium 
buuuiu  ant  fiiaed,  and  lue  product  is  dlflbulved  in  water  ;  a  little  fttidium 
drate  is  added,  and  a  Htream  uf  chlorine  paitsud  through  the  solution. 
e  liquid  ia  next  aaturateil  with  ninnionia,  and  mixed  with  solution  uf 
ium  chloride,  by  which  a  white  innoluble  precipitate  of  barium  tellurata 
thrown  down.  This  is  washe<l  and  digcnited  with  a  quarter  its  weight 
sulphuric  acid,  and  dilut4Ml  with  wati-r.  Tlie  filtered  suhitian  gives, 
evaporation  in  the  air,  large  crystals  of  telluric  acid,  which  have  th« 
position,  l!,T.?<»j. 211,0. 
Cr^titalltziHl  tflluric  acid  is  freely,  although  fdowly,  soluble  in  water :  it 
a  mHtallie  taste,  and  re<lden8  tlliiiuft-pa]>er.  The  eryntals  give  off 
ir  water  of  crystallization  at  l(HiO^  and  the  renAining  aiiil,  lljTt^Oj,  when 
rongly  heated,  gives  off  more  water,  and  yielda  the  anbydroiis  oxide, 
rf*,,  which  is  then  Insoluble  in  water,  and  even  in  a  Iwiiling  alkaline 
At  the  temperature  of  ignition,  telluric  oxide  loses  oxygen,  and 
into  ti*llur<itift  oxide. 

U-Uoratw  of  the  alkali-metala  are  solwble  in  water,  and  are  prepared 

^Iwolving  the  rM)uir*<il  qnantifiw^of  telluric  acid  and  an  alkaline  car- 

uato  in  hot  water.     The  other  tellurat4'«  are  insoluble,  and  are  ubtainvtl 

precipitation. 

Tlio  oomposition  of  the  alkaline  telluratcfl  is  exhibited  by  the  following 

iormulv  : — 


I 


Neutral  or  Bipotasslc 

tellurate  .... 
Acid  or  liydn>-potassiu 

t«dlnrat«  .... 
Quadrneid  or  Trihydro- 

potassic  tellnrate  , 
ilnhydruua  Qnadritel- 

lurate 


I  KjTeO,  or  K,0.TeO, 

I  HKTeO,  or  H,O.K,0.2TeO, 

I  HKTeO,.n,Te04  or  3H,O.K,0.4TeO, 
J  K,TeO,.3TeO,     or  K,0.4TeO, 
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TeUoxium   Sulphides. — Ttillurium  forms   two  sulphidofl,   TeS, 
TeSj,,  analogous  iu  coinings  it  ion  n.>  tUt!  oxides  ;  they  art  furiuwi  by  tli«  ad 
of  hvdrugwu  Bulpliiiio  on  ftulutiuu^  of  Ullurous  unci   t4illuric  acid   r«i| 
tiVflV.     Thisy  are  brown  or  biack  subsUiuceti,  which  uniu*  with  mel 
Bulpiiides,  formiug  sulu  willed  yulphoteUoritoa  and  Bulphoullurattfj*. 

Hydrogen  ToUurlde,  li^Ti}. —  TtUwhjfdric  Acid^  il^rutdiuric  A* 
TcUurrtUii  //^/iv»i/«n.— This  foniiwund  in  a  gas,  rest'iubliug  aulphurtjtlwl 
and  bvlfuioUwl  hydrogen.  It  U  prepared  hy  Iho  action  of  hydrochlciric 
acid  on  zinc  UjlliiVidf.  it  diiwolv.»  lu  %vater,  formiug  a  oulurlecs  IhiuuI, 
which  prMriiiitatea  tuoift  uietahi  from  thvir  itoiuliuuii,  and  dupotiila  luUuriuiu 
on  uxpotture  to  the  air.  ^ 


Tellurium 

t«(rat:lilnriile,    »i.-u.ij, 
the  latter  lifinj;  iHiiiiir 
TeCl. 


Chlorides. — Tellurium  forms  a  dichloride,  TeCl,,  and  V 
TL*t.;h,  Iwtli  volatilH  iiud  dt'ccmpitsible  hy  uxcesd  of  water, 
■w\y  rt-Hulvod  into  tcUurouii  and  hydrochloric  auidii: 
.^  -f-  3HjU  =  41II.1  +  UJetJa- 
Th«  tetraohloridi^  iiuilw*  with  tlie  chlorideH  of  the  alk&li-mctala,  to  form 
OTTstallizablt!  ilouhlu  gaits. 

The  hrumule*  and  ioilitia  of  teiluriuiH  correapond  with  tho  chlorides  in  pro- 
perties and  composition. 


Comimundd  of  tho  halo^en-acida  with  tellurouB  oxidu  are  oIao  kno 
Whi.'U  tbiw  oxid«  in  »«x|xwi?<l  to  tht*  action  of  gaseouii  Ayrfroywi  hramutr  in  a 
vt*flfiol  coolt'd  to  — 14  -',  ilic  compound  Tel>2.3HBr  iit  formifd  in  p-oups  of  smuU 
nnurly  blark  scah-a  rfHt^mbllnji;  iodine.     At  40^  ihia  »xtmi)»>und  givet*  off" 
I!  Br,  and  is  re<Iu<)od  to  To<V''i'lP*'.  which,  when  heated  to  'MH^,  is  re»olr 
into  water  And  a  yellow  oxy  brom  Ide  :    Tef>,.2nBrsBn,0-|-TeOBr,  ; 
at  a  still   hjghyr  tmuperaturw   this  oxybromide   in  defompos<?«l  into 
tetrabromid«  and  tt'lluroiis  oxido  :  '2Tt'0Br,  =  TeBr^  + TiO,.     Tho 
trabroniidle  panst^s  off  in  bbok  vapors,  and  crystallizes  on  uooHng  in  d 
brown  needh*». 

TfUiiroiiH  oxide  is  d*»compos<si  hy  AyrfriWiV  arul  at  nnlinary  tcimpcratnn>a, 
but  abtturlM  it  at  —  IfiO,  foruiiug  a  oouipound  which  dt^compoera  as 
temperaturo  rises.     Tvlluroos  oxide  likewitie  absorbs  anhydrous  kydrttfi 
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BORON. 

Atomte  wetght,  ll.    Symbol, 


Thib  Mpment,  the  basis  «f  boric  or  boracio  acid,  is  prppaT*>d  hy  hpating 
the  doultln  duortdtt  of  Iwron  and  p«)tasstQm  with  niHallic  ]Kitassiuni  in  a 
small  iron  vessel,  and  washing  nut  the  soluble  saUh  Mritli  wntfr.  It  is  a 
dull,  greenish-brown  powder,  whii-h  bums  in  the  air  when  heat<^,  pro- 
ducing bi>ric  oxide.  Nitric  acid,  alkalies  in  the  fused  state,  chlnrlnv,  and 
otlier  agents,  attack  it  readily.* 

Bosic  (>xiDB  AKD  Acm. — There  is  bnt  on«*  oxide  of  boron,  namely,  liorio 
B|<)j,  containing  'I'l  part**  of  Uinm  and  4*i  of  oxygen.     It  unites^ 
with  water  and  metaliio  oxidee,  forming  boric  acid  and  metalUo  borates. 

•  W6lil*r  find  Devllle,  In  19-'*,  by  fu^lnir  boric  ojiMe  witli  Aluminium,  oMsiM 
Tcry  bir\l  uotohrtIrM  crystnU  adiI  /t  grAptilt*^  likr  ■uttHtAnce,  which  flioy  r^rnriU 
as  oiodiHcBtloni  of  boroa  nnnloKoui  to  the  ill«monil  ad<1  frm|ihUp  mr^fiie^ 
ei%rt*«n  ;  but  Mubtequvnt  nttMrvKtiooB  hivv  shown  Ihnt  butli  tbesesubsfikticei 
cimpiiiiniU  of  boron  nn<l  ulunilniuni.    (S«e  ALfiKiiiinr  ) 


SILICON    OR    SILICIUM. 
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jB^nie  or  Boracic  Acid,  or  Uydrojfen  Itoratt,  il,BO,  or  3Ii,0.B,0j|,  oniitainii 
boron.  4jS  oxy^K'B,  aud  3  hxtir<»gou.  ur  7u  p»ru  boric  Mxi'lu.  nail 
ll  is  rtiund  iu  dolutiuii  iu  tUv  wuii-r  vt  iUv  liul  vulcanic  Ia^ikuu 
r,  whriut-  a  lar>;''  supply  ia  al  iirtwiit  iWrivul.  U  is  nitKt  vtuiiy 
xupuHiiig  Willi  BUlptiuriu  acui  a  hut  aoluiion  of  burax,  which 
twraU*  uf  Huiituiu,  uecurrtti^  ahuuiiiLuU)r  iu  cvrt&iu  Milt  l«k«ii  of 
tdia,  Thihi;t,  atiid  utbur  purU  of  AiU«. 

Uorio  JU'id  cr>Htalliii'a  iu  truiup&ivnt  colorlcu  plaUw*  wlnblv  Id  alwut 
psrU  of  uold  waWr,  and  iu  k  uiiirh  Hiiialli'r  quautitjr  at  th«  bulling 
ea,i;  tb«  acid  ban  but  little  tatftc,  and  fccbljr  air<H:tri  vi'gttablc  oulorv. 
*b«.*n  lieated,  it  lo^;^  wat4*r,  and  meli^  to  a  ^laMjr  transparent  ittaitM  uf 
ihydruiu  buric  t>xidv,  which  dtitsulvct)  uiaay  metallic  oxidiw  wiiii  ^roat 
JLti  crvstiUd  duuKiWv  iu  ak'oliul,  and  tha  aolutiuu  burua  with  a 
*n  flanw. 
OUaty  bono  oxide  in  a  Btato  of  fusion  rcqairm  for  \ia  diiMiipatinn  in 
ipor  a  vury  inten»«  and  luuK-i*(»itinnt<fl  h«?at  ;  tbo  aiiiKituit  wdation  cnu- 
ot,  howeT<*r,  Ur  ttvaporattnl  without  very  apjircdahht  Unm  by  vuUtilixa- 
in :  hence  it  ia  probable  thai  the  acid  i«  lor  more  ToUtil«  IkAn  lh» 
tJi/ilroiu»  oxide. 


i 


Boron  Nitride,  BN. — Thi:i  romponnd,  oontalning  11  parts  of  Uvrrm 
d  14  tif  Tiitrf>jjt-n,  is  prxin'.'t'd  by  htrating  burjc  oxid»;  wtlb  metallio 
ranidrs.  or  by  hfatin^  to  bright  nilnt'sH  a  mixtun:  of  nab  ammoniac  and 
irv  auhydruuH  borax,  or  liixlium  bilx>rato,  Na,0/iItjO, : — 

Na,0.2B,0,  +  2MI,C1  =  2BN  +  B,0,  +  2NaCI  +  4H,0. 

It  Ib  a  wbit«  amnrphoutt  jxrwdiT.  inaoliiHc  jn  waiter,  infudibln,  nni  non> 
datile.  Whi>n  h*>nt^t  in  a  curntnt  of  titrnin,  it  ri(*l<ls  amnioiilA  and  borio 
:id«^ :  2BN  -f;  3H,0  »  2NH3  -f  B,t\.  and  lilcewUe  givea  off  a  large  qunn- 
ly  of  ammonia  wIihu  fosod  with  potaah. 

Boron  Clilorlda,  BCl,.  was  formerly  bclievod  tn  hw  a  pcnnam-nt  gas ; 
but  r»*c«'nl  rwpi.'arvhi'H  have  proved  thai  it  in  a  liqnid,  Imilini;  at  17"^  C, 
(H'i.HO  K.).  according  to  Wohb^r  and  Deville.  at  18.230  (;.  (fi4.80  p.) 
un4i«r  a  preaieure  of  27tiO  millimtHnw  (Rt^giianlt).  It  in  decompcwLMi  by 
water,  with  production  of  liorio  and  hydrochloric  acids,  and  fuming 
atrongly  in  iht*  air.  It  is  moftt  easily  ohtainM  by  exposing  to  tho  action 
of  dry  ("hlorint*.  at  a  rtrry  high  temperature,  an  Intimato  mixture  ot  glassy 
boric  oxide  atid  chart-nal. 

Th»*rt'  i»  also  n  Ilnrnn  Bmmide  of  similar  coniitltution. 


4 
4 


Boron  Flaorlde,  BP,,  i«  obtained  by  h«ating  In  a  glass  flask  or  retort 
1  port  of  vitriliiil  lK)ric  oxido,  3  of  fluor-fipnr,  and  12  of  oil  of  vitriol.  It 
Is  a  transparent  gnd,  very  soluble  in  wat«r,  very  hoary,  and  forming 
desue  fumes  la  the  nXt, 


SILICON  or  SIt.ICIUM. 

Atomic  wcliftit,  28.     Symbol,  hi. 

Tins  element  In  union  with  oxygen  oonstitutes  silica  or  the  earth 
flints,  1q  which  form  it  «ut«rs  largely  into  the  composition  of  many  of  the 
raofct  and  mineral  masses  of  which  the  surface  of  the  earth  Is  uompntHHl. 
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The  following  process  yields  uilicoii  most  readilr  :    Tho  donhV  fluoridp  "rf 
Kiliooii  ami  |M>tAsiiuiii  in  ht-aUMl  in  n  glosu  tiilH*  with  nearly  itA  own  wtii^lil 
of  iimlalllc  poliiHHium  ;   Tiohmt   ivnriiitit  ennuea,  and  silicxm   is  avl  I 
Whf'ii  wUl,  th«  c^tiiti-nla  of  i\w   tulw  are  put  into  cold  wntrr,  irhich 
miivv«  tlK'snlitiH  iiiflttor  And  »uy  residual  polniisiiim,  aud   leat'es  the  sil 
oui  uiiloui-htMi.     Su  pn-^iarwl,  fiili<xju  is  a  rtark-bniwn  [Kjwdtr,  dfstilu 
of  lutitre.     Ueattid  iu  the  air,  it  buriiH,  aud  biH-um^'ci  Hupi>rll<-ia]Iy  corivvrl 
into  Htlica.     It  ii  also  actfd  upon  hy  itnlphiir  and   hy  clilnrine.     Vth 
Biliooii  it)  Btrtnigly  bt^ated  in  a  oovert-d  crufiblc,  its  ppopertics  are  grratl 
i:liai)p?il  ;  it  lM'L'4iiin-n  darker  in  color,  duiiaer,  and  inoonibustible,  fefiiiit 
10  burn  evi.rn  wlu-n  huaUMl  hy  the  llam«  of  the  oxy-hydiojjen  blowpjp.*. 

:jiliaHt,  like  carbiiu,  is  capable  of  exititing  iii  llmv  diHVr<'Ut  tnudifira- 
tion:4.  '['\w  UKKlilic-ation  above  nientionttl  oorrt*i4]M>nd»  with  i\iv  Amorphooff! 
variety  t»f  carlwn  (lamp-blatk).  The  reseurt'hi>H  nf  WobhT  and  Ot-rill* 
have  eHtablt>>hed  th^  vxtsteute  uf  mudiflcatiuiia  corrrttpoiuling  with  the  dia- 
mond, and  with  the  graphite  variety  of  carl>ou.  The  dituuond  uiodifica- 
ifiin  of  Bilioon  ib  most  readily  obtained  by  jnlr(^luoiiig  into  a  r«d-hot  cru- 
oibl«  a  mizturu  uf  3  partfl  of  potassium  ttUico-tluoridv,  1  pari  of  sodium  in 
small  fra^ientri.  and  1  partnf  ^Tanulated  zinc,  and  heating  to  perfM^t  fnaJooi. 
On  slowly  txmling,  there  is  formed  a  button  of  zinc,  covered  and,  inl« 
spersed  with  nL>edle-tihai>ed  ery^ttalH  cousintinf^of  ooto}iedroiis  joinetl  in  lb 
direction  of  the  axia.  This  crystallized  hilieon,  which  may  be  readily  fi 
from  jtino  by  treatment  with  acids,  ntsembles  crystallized  ha'matite  iu  ci*i 
ami  appearance:  it»oratrhea  glajiH,  and  fusi-sat  it  teiiiperntureapproarhi 
the  melting  point  of  cAKt-iron.  The  g^raphito  modillcatiouof  Biliei>n  in  pr«^ 
pared  by  fustn^,  in  &  Hi>s8ian  crucible,  U  parts  of  noluble  glaMn  (pi*ta»Bi 
nilioate),  10  parts  of  cryolite  (iiodium  and  aluminium  flnoridv),  and  1  part 
of  aUmiinium.  On  treating  tbti  resulting  buttonof  aluminium  with  byd 
tfhhirle  add,  thcj  siliuon  remains  iu  the  form  of  scaly  crystals,  re^enibli 
f^rni>hitt*.  but  of  somewhat  briffbter  color,  scratching  gla^s,  like  the  pi 
viutis  moiliticAtion.     It  ts  infut^ible.     lia  specific  gravity  is  2.4^. 
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Silica,  or  SilioioOxida,  SiO,. — This  Is  the  only  known  oxide;  it 
oontuinK  lis  parts  siliooii  and  ;^2  parts  oxygen.     Colorless  Iranspurent  rock- 
crystal  »:onsJBta  of  silica  very  nearly  pure;  common  quaris 
a^ate,  chalcedony,  flint,  and  several  other  uineralSf  arv  alao 
ohietly  composed  of  tliis  substanc-e. 

The  fnlldwing  experiment  furnishes  silic|\  in  a  state 
contpleto  purity,  and  at  the  same  time  exhibits  one  of  t 
most  remarkable  pi-op.Tti«?s  of  silicon,  nane-Iy,  its  attraction 
for  tluorine.  A  niixtiiro  nf  etpial  parts  of  tlnor-spar  and 
glass,  both  finely  |Kiwdered,  is  intro<luced  into  a  glass  flask, 
with  a  quantily  of  oil  of  vitriol.  A  tolerably  wide  beat 
tub*%  fitted  to  the  rta.fk  by  a  cork,  pnast-s  to  the  l*ottum  of 
a  gl/usft  jar  (fi^.  12>>),  into  which  enough  mercury  is  pour«d 
to  ixiver  the  I'xtremity  nf  the  tulH>.  The  jar  is  then  half 
filhwl  with  water,  and  heat  is  applied  to  the  flask. 

The  first  elfect  is  the  disengaf;empnt  nf  hydrofluoric  aofd  : 
this  substance,  however,  finding  itself  in  c<intact  with  the 
silica  of  the  powdere<l  glass,  undergoes  dec^mipositiou,  wa' 
and  siltcrm  l!unri<ie  Iwing  pro<hic*vl.     The  latter  is  a  perm 
nent  gas,  which  escap'N   from  the  flask  by  the  bent  tn 
By  contact  with  a  largo  quantity  of  watvr,  it  is  in  turn  de- 
composed, yielding   silica,  which   separates    in  a  beautiful 
gelatinous  condition,  and  nn  acid  lii|tiid.  which  is  a  dnubb-  fluoride  of  sili- 
con and   hydrogen,  4HK.J?tFj,  i*omnii)Uly  called  bydrofliiosilicic  or  siHoo- 
fluoric  acid,  thus 
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O)  Reaction  of  hydrofluoric  acid  vitli  aUivtt>^ 

4HF  -I-  SiO,  =  2H,0  4-  SiK^. 
(2)  Decouipwitiou  o(  viXiani  fluuridu^  li.v  wat*T: — 

2SiF,  -f-  2H,0  =  SiO,  +  4HK.SiP4. 

Thv  BilicA  may  \m»  colltH^vd  on  a  elt>lli-i11t*!r,  well   washed,  dried,  and 
ktcd  to  nfliii'rtu  to  cxiirl  wal**r.     Th«  ucid   liquid  is  kept  a^  a,  tout  for 
bariaui  aud  iwlassium,  with  whicli  it  fonn;*  nearly  insolubln  pr(,'cipitftl«»8, 
th«  double  dnoride  of  ailtoon  and  pi)(aM.si(iiu  lifing  usod,  as  waa  atatud,  in 
tho  pn*paralinii  of  silicon. 

Siltcnn  lluorid**,  SiFf,  iii!#ti*ad  of  lM.*ing  LMmdvuhinl  iutowat«>r,  uiay  be  cid- 
lectt'ii  over  mt^rt'ur/  ;  it  ia  a  pi'nnan«nt  goii,  di*»tituto  of  color,  aud  very 
hi'Hvy.  Admilteil  into  tho  air.  it  oondetwes  the  moiBtaro  of  tlto  lattrr, 
giving  T\»v  to  a  thick  whitu  cloud.  It  is  importaut,  in  the  ex}K*riiuent 
atM>ve  di'St^ribod,  to  kiH»p  the  I'nd  of  tho  dolivcr.v-ttilm  from  lourhiiiji*  the 
water  of  ihii  jar,  otherwise  it  almost  iustautly  becomes  stoppod  ;  tlio  mer- 
cury *f!rects  this  ohjcot. 

l*un»  silica  may  aUo  lx»  pn'parod  hy  another  mi*lho«l,  which  i^  wry 
intttructive,  inasmuch  as  it  iit  the  haMiH  of  thn  procc«*d)ng  a^inptf^d  in  tho 
analyHJa  of  alt  siliceous  minfruls.  Powdcrwl  rock-cryHtuI  or  Hue  aritd  is 
mixed  with  about  three  timtm  iUi  weight  of  dry  Hixlium  cnrlfonate,  and  the 
mixture  hwed  in  a  platinum  rnnible.  When  cold,  the  gliuwy  mass  is 
boiled  with  water,  by  which  it  is  »"ftoued»  and  almoBt  entirely  dJaHolvcd. 
An  (^Xi'f'iw  of  hydrfM:hlr>ria  acid  w  then  addini  to  the  liltored  li<|ui(l,  niirl  the 
wliide  evaporatifl  to  cnrnplett*  dryness,  liy  tliis  treiiimi'rU  titc  gfljitinnitA 
siliMU  thrown  down  by  tlie  acid  lH>c<}iiie8  mmpletcly  insoluble,  and  remains 
Udiiud  wlicu  the  dry  j^alinc  moiiit  Im  treated  witli  ftLidiilnteil  water,  by 
whiiih  the  alkaline  daltii.  alumina,  fi>rrio  oxide,  lime  and  many  other  iKMliea 
which  may  happen  to  tw  presont,  are  removed.  The  silica  in  wuthed,  dried, 
and  h«-atml  t-o  rednei^it. 

The  m«Mt  pri>rniaout  oharaotors  of  silica  are  thu  following:  It  is  a  rery 
fine,  wliitu,  ta:!)tclt*s»  jiowder,  havintr  a  deintity  of  alNiut  2.(!(j,  fuKible  only 
by  the  oxy-hydrojjfn  libiw-pjpe.  When  once  drieil  it  is  nut  sx'miibly  soluble 
in  water  or  dilute  acidi*  (with  the  exception  of  liydrofluoric  arid).  Hut, 
on  adding  bydrochlorir' acid  to  a  very  dilute  Kotiitinn  of  pota&itiutn  liilieate, 
the  Ulmrated  Kitica  reuiains  in  Holution.  From  this  mixed  aotutiou  of 
silica  aud  [HiiOiuiium  cliloridu,  the  latter  may  l>e  separated  by  difTuHJou 
(o-omp.  p.  144),  whereby  a  nuMlerat^dy  i<oncentratiMl  riolution  nf  Kilica  in 
water  in  obtaiurtl.  Thift  solution  ha»  a  dUtimtly  acid  reaction:  it  pre- 
senU,  however,  but  little  flCability.  When  kept  for  Home  time,  it  gelatin- 
ises, the  silica  Heparating  in  the  inHolnldi*  niodificntion.  T)ie  fiame  ed'ect 
ia  proluoed  by  tlie  addition  of  a  few  dropa  uf  jiulphuriu  or  nitric  acid,  ur 
of  A  Aoliition  of  !«aU. 

Silica  is  easenlially  an  acid  oxide,  forming  salts  with  boitle  mctallio 
oxides,  and  decouiixwiug  nil  ?alt8  of  volatile  acids  when  heatinl  with 
them.  In  strong  alkaline  Hijuidi)  it  i»  freely  soluble.  When  heated  with 
batii^,  especially  thone  which  are  capable  of  undergoing  fn»ion,  it  unites 
with  them  and  forin<i  ttalttt,  whiuh  are  sometimes  i^oluhle  in  water,  aH  in 
the  cane  of  the  potosi^ium  and  scwlium  ailieateH.  when  the  proportitm  of 
ba-te  is  cv^nsidermble.  Cotnnion  glA.<4H  iti  a  mixture  of  i^everal  hilicatei*,  Jn 
which  the  n-verse  of  thiit  liappi-iiK,  Ihi-  silica  being  in  esceaa.  Kven  glass, 
however,  is  kIowW  activl  upon  by  water.  Finely  divide<l  silica  is  highly 
useful  in  the  manufacture  of  porcelain. 

SUIOOn  ByAride,  or  SiUentni  IJyrimffm,  was  diaoovered  Tiy  Buff  and 
W6hler,  hIiu  obtained  it  by  pojtsing  an  electric  cuirent  through  a  solutlou 


214 


FHOSPUOUUB. 


of  BOfliatn  chloride,  Die  pcwitlTo  pole  t*tii\»\oyt^  coiwihtiiig  of  ftltimi 
c<mtaiiiiii>;  siliutm.  Moro  rec«?ntl>%  Wolih-r  ami  MurliuH  prtMlu(.:»Hi  lUig 
hy  trt'Atiiig  iuftp)t*!tium  eontaiuinp  nilicoii  with  livdmuliloric  ini<i.  Both 
ntfthi^lM  yioid  aiMciv.  hydriilt!  tnixtfd  wiLli  fn-e  h^Jrugon.  FritMlel  and 
Ladoubiirg,  h<twvvfr,  by  dvixuupiming  ailii'io  trivthyl-furmate  (ave  Bllicii; 
Kthkjui)  in  contact  with  ftrMliutn,  have  nhtained  it  pun*,  and  ahown  that 
it  cuiiaists  of  3**  porta  hy  weight  of  ailiouu  aud  -i  partis  of  hydrogen,  answer- 
ing to  Ihu  formuhi  SiJI,.  The  reaction  by  which  it  i*  pruUuued  is  repru- 
Bented  by  the  following  equation  : — 


4.SiH((K',H,)3 

form  Ate. 


SiH, 

Silicic 
hydride. 


3Si(0C,H.),. 

'J'etreltiyTlo 

■ilicKie. 


SilicQD  hydride  ia  a  eolorli^B  gas.  In  the  impure  state,  oa  obtainetl  by 
the  two  pn>c«>^iie8  alx>ve  given,  it  takes  tire  d{>ontaui»)Usly  on  couiiiig  in 
contact  witlk  the  nir,  and  buru»  with  a  white  tlame,  evolving  cloudn  of 
silica.  I'lire  nilicie  hyiirid**,  howi-vt-r,  dtK-s  nnl  ignite  Hpontaueoitaly 
undtT  the  ordinary  alniimphcriL*  prt^iure  ;  but  on  pa»!«ing  a  bubble  of 
&ir  into  the  raretied  gaH  i<tandiug  over  luereury,  it  lake«  lire,  and  yielda 
a  deptwit  of  Amorphous  silicon  mixed  with  siUoa.  thi  pusMing  siliuio 
hydride  through  a  rod-hot  tube,  it  ia  decomposed,  silicon  being  de]xwiled. 

CtiMPocNDS  OF  S1UC05  AJfD  CiitoRiNK.  —  Silieon  unites  directly  with 
chlorine,  fornung  a  tetrachloride,  Siflt-  This  compound  is  obtaint^I  by- 
mixing  finely  divid»»il  «ili»a  with  eliartoal  jvowder  and  oU,  strongly  beat- 
ing the  mixture  in  a  covered  crucible,  and  then  exposing  the  niaas  no 
obtaincil,  in  a  jwrcelain  lubi*  heated  to  full  retiuesa,  to  the  action  of  ]ier- 
foctly  dry  chlorine  gas.  A  good  cKinilensiug  arrnngeiu<nt,  Huppli<tl  with 
ioe>oold  wati*r,  imiat  bo  connect«Ml  with  the  pnnvlaiu  lulw.  Thf  pn>.lurt 
ia  a  oolorleHH  aud  vt^ry  volatile  liijiiid,  Iwiiling  at  I)(»o,  of  pungent,  sulTot^at- 
iug  odor.  In  contact  with  walt-r,  it  yii.*IiJa  hydrochloric  acid  and  gelali- 
UouH  aitiea. 

When  hydrofblorie  acid  gas  is  passwl  over  erystallized  HiUonn  located  to 
a  li-mpcratorH  below  rednt*3s,  a  very  volatile  iiillammable  liquid  is  ob- 
tained, which,  when  purified  by  distillation,  haa  (lie  composition  of  sHiric 
hvdrotriclihriiie,  SiHCI^,  containing  28  parts  silicon,  I  hydrogen,  and  106.5 
chlorine.  Thia  compound  is  deconipnsed  by  water,  forming  a  white  oxy* 
gonated  brniy,  pr(tb;ibly  n'licmi  MydnitrioTidr,  Si,n,t\,  wliich  by  proUmged 
oontaot  with  water  is  furlhor  decomimsed,  with  evolution  of  hydrogen  aud 
formation  of  silica. 

A  mixture  of  silioio  hydrotrlchlorlde  and  bromine  heated  to  KMP  in  a 
oloseil  piftHel  IwciimeH  dark  ei>Iort*ii,  and  is  isonverttsi  into  the  brotrnMrniiltt- 
ride,  SiRrCT,. 

Silicon  Mrtihromifi^,  SiBr^,  obtained  like  thi>  Wtra chloride,  r«8embl«B  thai 
compound,  but  is  b'ss  volatile. 

^icQ/t  J'luoridv,  SIF,,  has  been  already  described  (p.  213). 
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PHOSPHORUS. 

Atomic  welgbti  St.    Symbol,  P. 


PnoflpnoRps  in  too  slate  of  ]dirrt4phoric  arid  in  contatnml  In  llie 
unHtratifi^Hl  roeks  and  in  Isvius  of  miKlurn  origin.     As  these  disintegrntfo 
aud  crumble  down  into  fiirtile  soil,  the  idiosj>hate8  p.isM  into  the  organism 
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U.  and  aUimat4>l,v  into  the  tfodies  of  Uie  antmala  to  whicli  tlie  plimts 

'  "l.     Tlir  i-artliv  phonphal*-!*  play  a  v*'ry  imprirtAiil  part  in  tli» 

ttie  Aiiiiual  rraiu*^*,  by  ouuiuiuukating  ntirTncHS  and  iudeiibililjr 

-J.    >krIt*loU. 

rhoupbonu  was  discoveivd  in  lB(i9  by  Hrandt,  of  Hamhurg,  who  pre- 
*«1  11  fnitn  uriiu*.  Tlie  fnlluwtnj;  Ik  an  4mtUm<  of  t)ii>  pnK<««8  now 
tpt««l  :  Thoniiiglily  i-jilriiuHl  txiutw  mrv  rttduc«'il  to  pitwil^r,  and  mixed, 
iwo-lliinls  of  their  weight  of  «ulphurto  ooid  diliiti>4l  with  a  conaidor- 
l>f  quantity  of  wat4fr :  ttii«  Tnixtun*,  aftfr  iitandinif  for  ittnu*'  hotint,  ia 
vrvd,  and  Iht*  itfnrly  insoluble  culritiiu  fitilphnt*^  in  WAnbrd.  The  liquid 
th«Mi  ••Mt|M»rnte*l  to  a  nyrupy  couI*i^tenl*e,  lui**-"!  with  charoiial  powder, 
1*1  the  detiicctitiim  Ik  oouipleted  in  an  iron  rctiHol  t^xpoHi*'!  to  a  high  t**ni- 
rraturt*.  Wh**n  quite  dry,  it  ia  trausferrt^i  to  a  .tttmeware  retort  ti>  which 
idi*  Iwnt  tulw  is  Inted,  dipping  a  litll«  way  into  the  wat^r  cmitntncd  in 
nnviver.  A  narrow  tuU^  ^^rvvti  to  give  iaane  to  the  gAMtft,  whirh  are 
'eyed  to  a  chiuinny,  Thiti  manufaeture  it*  now  cnnduct^Ht  on  a  very 
»•  scale,  the  umsumptinn  of  phiinplir>rn!i,  for  the  apparently  trifling 
'.trXf  of  in.stanlan«^jti»-Iight  nialeheH.  liein;;  noniething  prndigiouit. 

hottphiiruit,  whfu  jmre.  vi-rymueh  rHsombK-J*  in  5pi>«'arnnce  imperfectly 
*Aeh<fl  wax,  and  Ik  itoft  and  flexible  at  common  lemperatun-*.     Its  den- 

ifl  1.77,  and  that  of  iui  vapor  4.36,  air  iM'ing 
lily,  or  62  rt-ferrwl  to  hydrogvn  aa  unity.  It 
■Its  at  4-|0  c.  (11  lO  F.),  and  ImilH  at  'Xio  f. 
k3iJ*OF.).  Oniilowly  cooling  melted  phoHjdiouf*. 
ill-formed  dotiiH'Ahedrons  i^  noniftiinefi  ob- 
kod.  It  i»  insoluble  In  water,  and  ia  usually 
l^ept  immersed  iu  that  litjuid,  but  dinnolvi'M  in 
oil,  in  nativt*  napblhn..  and  eii]ieriAlly  in  c-arl»nn 
biHolphide.  When  t«et  on  ftre  in  th**  air,  it  barns 
with  a  bright  flame,  gi'Ufrating  phosphoric  oxide. 
IMirtr'pbornM  inexi^eetlingly  inflammablt* :  it  some- 
ItmeH  takes  fire  by  the  heat  of  th>*  hand,  and  do- 
mandii  uritat  care  in  ita  luanagemctit ;  a  blow  or 
bani  rub  will  v<*ry  often  kindle  it.  A  slifk  of 
ph(«phorDi^  held  tn  the  air  always  apite-are  to 
emit  a  whiti-th  ttmoke,  whirh  in  the  dark  i.>t  lumi- 
nous. This  •■iri*'-l  ifl  ohii-tly  duo  to  a  slow  com- 
bn!«tiou  whieh  the  phoftphoruB  nndergfies  by  the 
oxygen  of  the  air,  and  tiiw)n  it  de]H*nrbi  one  of  the  motbods  *>niployed  for 
the  analysis  of  .ilr,  m  already  described.  It  Is  singular  that  the  slow  oxi- 
dation of  phosphorus  maybe  entirely  preventeil  by  the  prescnn'  of  a  timall 
qoanlity  of  ob*ti7knt  gas,  or  the  Ta[Kirof  ether,  or  mime  et^^futial  oil  ;  pboe- 
pboru<f  may  even  bt*  tlistilleil  in  an  atmos|<here  containing  vapor  of  nil  of 
tnrpt'ntine  in  <!nnsid)*rabh<  quantity.  NL'itherdf>es  the  rtrtinn  goon  in  jiure 
oxygi-n — nl  b's^l,  o!  the  temi>era*ture  of  IS.SO  C.  (OliO  I-',),  which  is  very 
n-niarkablt';  but  if  the  gar*  Im>  rarffled,  or  diluted  with  nitrogen,  hydro- 
gen, or  carbonio  ai*id,  oxidation  i^  »vl  tip, 

A  very  remarkable  niodifiralion  of  this  ebmient  Is  known  by  the  name 
of  amorphous  phos |>lior u s .  It  was  di8**ov»Ted  by  ScbrStter,  aiid 
mny  be  made  bv  exiHAing  common  phosphorus  for  fifty  hours  to  a  tempe- 
rature of  240^  r.  to  a.'WtO  r.  (4iMO  to  4S20  F.).  in  »»  atmosphere  whieh 
is  unable  to  ,icl  ehemiexilly  upon  it.  At  this  t»*Tup«'rnture,  It  IwxvMiies  r<'d 
and  npnque.  and  iniKdul)].*  in  carUni  I»isii!phid»^,  wlo-rrby  it  may  Iw  s('j»a- 
ratM  from  onlinsrv  phoHphoruK.  It  may  l>e  obtaini^l  iu  compnit  i«a»t.*»"8 
when  ooiunmn  pho^phorna  is  kopt  fitr  a  week  at  a  constant  liigh  tempiTa- 
lure.  It  i»  a  coherent,  redditih-brown,  infusible  substance,  of  ^\^ecA^Q 
gravity  b<?lween  2.089  and  2.306.     It  does  not  become  \ttmV\^«vxa  \u  >Xkto 
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iliirk  nntU  Ha  trmpcraturrt  U  ra.Wi*d  to  altuut  20UO  c.  (3!)LO  F.)»  >n^r  hsun  it 
ail/  U'lidfiiry  1^^  itiuibihu  with  tht'  oxygL-u  uf  tho  air.  When  honlcU  to 
2ul»0  C.  (;'»*H*5  !•'._),  it  is  ri*omvfrU;ti  into  nrdiuary  phuaplidrus. 

Wliun  jjlii-uphoru^t  ik  mrltiHl  iHriu-nth  tho  »urfacu  of  bot  VAt«r,  and  a 
Btroam  of  oxygon  gas  furitNl  ii|Hm  it  frum  a  bladdur,  miulmation  msiuv, 
and  Ihtj  pliotipboruM  is  umvorti-*!  in  great  jmrt  into  a  l>rick-r»H!  pt>wdor, 
which  waji  ftirini;rly  Ix-lit^vttl  to  \h'  a  ))fonliar  oxiilo  4>f  ]jhi>ii>iihnrU8 ;  but 
SctUrfitlor  baa  bhowD  that  it  ia  a  mixture,  cunuistiug  cbu^Uy  uf  amurphous 
phosphorus. 

Compounds  of  I%Miphona  and  Orytfrn* 

Tbere  ar^  two  definite  oxidi'^i  of  pbonpboru!*,  in  whirh  the  qnniilitinH  of 
oxyguii  unit4*d  with  t)ie  same  quantity  of  phospburus  are  to  onu  another 
aa  3  to  6,  via.  :— 

Composillon  bf  wrtipht 

Formula,    f 

Pbotphorna  trioxide,  or  \ 

Phnsphoroas  oxid>*,     j 

Ph(>s])hnru8  Pentoxide,   \ 

or  Phtwpboria  oxide,     ) 

Both  ihi«o  acid  oxiib'H,  uniting  with  water  and  notaUlo  oxldca  to  form 
.^•ItM,  callfd  phosphiti'H  Mid  pboHpliAt(*H  reflpectividy ;  lb«  bydro- 
nalu  being  also  called  phutipboroufl  and  phoflphorio  aeid. 
lero  is  also  another  oxygen  acid  of  pho«phorus,  containing  a  fmi.HHvr 
proportiounfoxy;'i'n.  called  by  pophoBphoroua  acid,  to  which  there 
IH  no  L-orreiipondiiig  aiiliydruus  oxide, 

HypophOBphOTOOB  Aold»  11,1*0,. — ^Whcn  phosphorus  is  boiled  with 

ft  solution  uf  lime  or  buryta,  water  iit  dectnupoaed,  giving  rise  to  phtMplio- 
retled  hydrogen  and  liy]Mipbrmpbortiu»  acid  :  tlin  firnt  cnicapcti  as  gaSi  and 
the  hypopbospburuus  acid  reuiaimt  aa  a  barium  salt : — 

P,    +     SBallO,     -I-     (jIIjO     ==     3BaH,(P0J,     -f     2n,P. 
Bnrlum  Bnrium  Hydroi^rn 

hydroxide.  brpopho«iihIt«.        phoipbide. 

T\\v>  Bolable  byp<>pb<wpbite  may  be  crystallirt-*!  out  by  alow  eva|Kiration, 
On  adding  to  the  liquiil  the  quantity  of  sulphuric  acid  m»ccssary  to  pre- 
cipitate the  ba^e,  the  bypapliuHpborouii  acid  \»  obtained  in  solution,  and 
may  Iw  r»Hluccd  to  a  MTUpy  cou»ist»'ncf  by  evaporation.  Th»>  acid  is  very 
prono  to  aljsorb  more  oxygen,  and  ia  theruforo  a  powerful  deoxidizing  agent, 
AW  ita  salta  are  soluble  in  wat«r. 

PhoaphoTOUB  Osdde,  P]^,»  is  formed  by  the  slow  oomliustion  of  phna- 
pburuA  in  the  air  :  nr  liy  buruing  tliat  Huli»tance  by  means  uf  a  very  limited 
supply  of  dry  air,  in  which  uue  it  is  anhydrouti,  and  preB(*ut«  the  aA{HfUt 
of  a  wliitH  powder.  PfifyitjtSoroMi  Arid,  H,P<>,  or  311,0. PjO,,  h  raoi^t  conve- 
niently prepared  by  adrting  water  to  the  tricbloritle  of  i>lK>sphorMB,  when 
mutual  dtrcorajMifiition  takt^  place,  the  oxygon  of  the  water  Iw-ing  trans- 
ferred to  the  phosphorus,  generating  pbf*8pborr>uH  acid,  and  its  hydrogen 
to  the  ohlorine,  giving  rise  to  hydroohloric  acirl : — 

PCla  4-  3H,0  =  3UC1  +  H,PO,. 

By  evaporating  thA  snliitlon  to  the  consistenoe  of  symp,  the  faydrocblorio 
d  ift  expelled,  and  the  r«j»idue  oryi^talliiefl  on  cooling. 
Phnnpboroas  acid  is  very  deliqui*cent,  and  very  prono  to  attract  oxygen 
pass  into  phosphoric  acid.     When  healed  In  a  oIoim:  vca&cl,  it  is  re-      ' 
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DJrwl  Into  phoephoric  ftci'l  ami  pure  ithrwjtlmrntdMl  hydrngen  gas.  II  Ig 
blnp<«<Hl  of  HO  yartA  of  ]tho6plii)rouH  uxiik^  aud  64  purU  uf  WttUT,  or  91 
fcotiplinrus,  4ti  oxygon,  uiU  3  h/droguu. 

i  Fboftphoric  Oxide,   P,Oj  (also  cnllotl  AnhytlfoM  PKaMjih**rw  Aciii,  or 

%otf>Jio<f:  A'lf'yiiridi ), — Wlii'it  ]>li<ff-pburiiH  i*  \mttuti  iiuilcr  a  W'll-jur  li^ 
hi'  aid  of  a  eo^ious  ati)>ply  of  dry  air,  itiiow-ltko  pliosphuric  oxjiin  in  pro- 
lLCc«l  in  gruat  quantity.  This  [•utj!«tn2tco  cxhihiu  atlroiaion  fur  waUtr, 
hrongor  even  than  thai  of  siUphurio  oxide;  in  fat-l  BuJphuriu  oxidn  may 

0  jiropariTil  hy  liualiiif;  strong  Mulplinrir  m-iil  in  (^mtart  Milh  pluMplitiriu 
kttlo.  HxpfKiod  to  tlic  air  for  a  few  tiiouionta,  plawpli'^ric  uxld*.*  dotiqut^jicvfl 
fa  liquid,  and  when  tUrowu  into  water,  vumliimti  with  thu  iattiT  with 
^losivo  violence,  and  in  conrerled  into  phubplioriu  acid.  TJk*  wttUir 
kns  tnkrn  np  cannot  again  bo  B4*]>aratiMl, 

When  nitric  aoid  of  moltfrato  titrfn^h  is  hoat«d  in  »  retort  with  whioh 
.  ri*(-4*ivi«r  in  I'onni'cUtl,  and  fragmi-ntii  of  phoHphoruA  orn  mldi^L  flin((1y, 
ikinj;  care  to  gullor  the  violence  uf  lliu  at-tiun  to  uiilwid**  afl«r  rai'li  addi- 
kfn,  Iho  phofiphorus  is  oxidiztxl  to  its  tnnxiiiiuin,  and  cvnvcrt'd  into  phot- 
liorit]  add.  \iy  di5tilliii>;  olT  thn  ^rcat^T  part  of  tlie  nitric  ni-id,  transfer- 
)tiiS  the  ri-siduo  in  tht*  rotort  to  a  ])|.-ttinuiu  v<<r(8<'l,  mid  thi'ti  i-^mliouBljr 
|i.4iug  the  tieat  to  riNijii4.s,  tho  phi>H]>linr)o  ai'iil  ninjr  ho  obtaitiLHl  puro. 
!lil8  is  i\w  i;taruti  jihnsjihtyric  arid  oi  thi*  l-'harniui'opa-ln. 

A  third  tiii'tliiMl  uf  prrpuriiif;  ))lto»phoriii  arid  cnnKists  in  taking  tlie  acid 
fthttttm  pito8phatr  pHnlurifl  hr  th<;  a«'tinn  of  Htilphuric  acid  on  tNtniMsirlh, 
rocipitatiiig  it  with  a  i«li|;hC  I'xcpssof  ninnioniuni  carlMmati<,  i9t*]>arating  by 
,filti<r  thi«  intiolnbio  erilrium  ttalt,  and  thi-n  cv.iiMirating  and  i;;nitl)iK  in  ft 
latiuum  vnsaW  tho  mix<*d  phot^phatu  and  sulphair'  of  junuioiiium.  I'htitt- 
burio  acid  alonu  remains  behind.  Thu  acid  thus  ubtaLnud  ib  suuivwhak 
bpiire. 

One  of  tho  mont  advantog'^na  rnntliuds  of  preparing  pure  phnftphorio 
Bid  OQ  the  largo  fii'al«<,  is  to  biiru  jdtuspliorus  iu  n  twi>-n(.><;ked  ^ItiMt  globe 
IHPgh  which  a  currcnL  of  dry  air  in  pasAod  :  iu  this  way  the  prot-H'^M  tuny 
BStrhffl  on  eimtinuuualy.  Tlie  ptiosphoriu  oxide  olitaintnl  amy  h*j  pnv 
^iTfid  in  tliat  otati*,  or  conT*'rt<Ht  into  hydrati*  or  glacial  acid,  by  addition 
f  wator  and  ?ul»ais|ucnt  fuHion  in  a  platinum  vcHbcd. 

Glacial  phoaphorii;  arid,  or  nietap huti phor ic  acid,  la  cxoocMlingly 
leliqupsuent,  and  ri>i|tiirft4  to  he  kt'pt  in  a  rIoKtdy  stopp«Hl  liutth'.  It  eon* 
MuH  14:2  partx  of  phortphorio  oxido  And  18  pnrts  of  wntt^r,  or  31  pli(i«- 
Ihornit,  48  oxygon,  and  1  hydrogi-n,  and  is  rt'prt»«enttMl  by  tho  fonnnla. 
||0.1'jO|or  Hllij.  I'lioflphoric  oxide  likfwiife  unit<-«  with  2  and  3  mole- 
BKti  <»f  water,  fi.nning  the  iHmi(n»undB  2U,'».P,0jor  II^PjO,  and  3II,0,i'jOj 
f  II,P(\,  ranf^i  rt'Mpi-rtively  py  rophosplioric  acid  and  orthophoi. 
»lior!c  arid.  The  lust  ih  formed  by  oxidizing  ])hoHphorus  Willi  nitrJo 
brid,  and  by  the  action  of  water  on  pliuHphorun  (R'Htachlorido: 

'  PCls  -h  411,0  =:  .'Jlin  -I-  n,po,. 

1  The  aqneoas  solution  evajKiral)**!  to  a  thin  8>Tup,  and  left  ovpr  oil  of 
dtriol,  drpuflita  orthophoMphorie  acid  in  priwrnatio  cry«taU.  The  Honie 
Olutiyn  may  be  heated  to  IGO^  <■.  (lV2i>^  K.)  without  rhoiigt-  in  the  rampo- 
llion  of  tlie  acid;    but  at  213°  C.  (4ir).40  F.)  it  givea  off  a  molemilu  of 

water,  and  Is  converts  into  pyrophoHphorio  acid  ;  and  at  a  rt-d-lical  it 

off   anotber  molecule  of   water,   and   leaves  mnlaptinsphoriu  arid. 

di  of  tht^e  acids   funns  a  distinct  clnjia  of  bhIIm,  exliiliitinj;   ri'uclliina 

joulinr  hi  itself.     Tliey  will  K-  dcscribfd  in  •xiuuet  linn  with  tlie  girui<rul 

K'oiy  of  Maliue  compoumlH. 

Pho«ndiorin  oxide  in  n^adily  votafiUxcd,  and  m^y  bo  sabllmod  hy  lUo 
leat  of  an  ordinary  «pirii-lanip.     The  odd  may  Ub  {oxuvi  \Xi  \  t\%,\\w\ukw; 
ID 
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cmciUe  ftt  a  red-heat ;  ftt  this  temperstare  it  eTolrea  oomidenUe  qnai^ 
titles  of  rapor,  bat  is  still  far  from  its  boiliiig  point.  Phosphoiie  aeid  is 
a  rerj  powerfal  acid :  being  less  ToUtile  than  solphuric  acid,  it  exp^ 
the  Utter  at  higher  temptrratares,  although  it  is  displaced  bj  snlphnrie 
acid  at  commoxi  temperatures.  Its  solation  has  an  intensely  sour  taste, 
and  reddemi  litmus-paper ;  it  is  not  poisouoas. 

Comptmaids  of  Ftrntpkonu  and  Hydngem* 

Fhosphonm  Trihydride. — PfmspldM. — Htoffkorttttd  ffydrogat,  PH,«— 
This  body  is  analo^ns  in  some  of  its  chemical  relations  to  anunxmiacal  gas ; 
its  allcaline  properties  are,  however,  mach  weaker. 

It  may  be  obtained  in  a  state  of  purity  by  heating  phosphorous  acid  in 
a  small  retort,  the  acid  being  then  resolved  into  phosphoretted  hydrogen 
and  phosphoric  acid : 

4H,P0,  =  PH,  -h  3H,P0,. 

Thofl  obtained,  the  gas  has  a  density  of  1.24.  It  contains  31  parts 
phosphorus  and  3  parts  hydrogen,  and  is  so  constituted  that  every  two 
Tolmnes  contain  3  volumes  of  hydrogen  and  half  a  volume  of  phosphorus 
Tapor,  condensed  into  two  volumes.  It  has  a  highly  disagreeable  odor  of 
garlic,  is  slightly  soluble  in  water,  and  bums  with  a  brilliant  white  flame, 
forming  water  and  phosphoric  acid. 

Phosphoretted  hydrogen  may  alw  be  produced  by  boiling  together,  in  a 
retort  of  small  dimensions,  caustic  potash  or  &lake<l  lime,  water,  and  phos- 
phorus :  the  vessel  should  be  filled  to  the  neck,  and  the  extremity  of  the 
latter  made  to  dip  into  the  water  of  the  pneumatic  trough.  In  the  reac- 
tion which  ensues,  the  water  is  decomposed,  and  both  its  elements  combine 
with  the  phosphorus. 

P,    +     3CaH,0,    +     6n,0     =     2PH,    +     SCaH^PjO, 
OAlclum  Cftlclum 

hydroxide.  hypopbosphite. 

The  phosphoretted  hydrogen  prepared  by  the  latter  process  has  the  sin- 
gular property  of  8|)ontanii>ii8  inflammability  when  admitted  into  the  air 
or  into  oxygen  gas  ;  with  the  latter,  the  experiment  is  very  beautiful,  but 
requires  caution  :  the  bubbles  should  be  admitted  singly.  When  kept 
over  water  for  some  time,  the  gas  loses  this  property,  without  otherwise 
suffering  any  appreciable  change  ;  but  if  dried  by  calcium  chloride,  it  may 
be  kept  unaUer<Mi  for  a  much  longer  time.  Paul  Tlifinard  has  shown  that 
the  spontaneous  combustibility  of  the  gas  arises  from  the  presence  of  the 
vapor  of  a  liquid  hydrogen  phosphide,  PH^,  which  can  be  procured  in 
small  quantity,  by  conveying  the  gas  produced  by  the  action  of  water  on 
calcium  phosphide  through  a  tube  cooled  by  a  freezing  mixture.  This 
substance  forms  a  colorless  liquid  of  high  refractive  power  and  very  great 
volatility.  It  docs  not  freeze  at —17.80  C.  ((lO  F.).  In  contact  with  air  it 
inflames  instantly,  and  its  vapor  in  very  small  quantity  communicatee 
spontaneous  inflammability  to  pure  phosphoretted  hydrogen,  and  to  all 
other  combustible  gases.  It  is  decomposed  by  light  into  gaaetms  phospho- 
retted  hydrogen,  and  a  solid  phosphide,  P,n,  which  is  often  seen  on  the 
inside  of  jars  containing  gas  which,  by  exi>osure  to  light,  has  lost  the 
property  of  apontamnms  inflammation.  Strong  acids  occasion  its  instan- 
taneons  decompoKition.  It  in  as  unHtablo  as  hydropi-n  dioxide.  It  is  to  be 
o)Merve<l  that  pur«  ]ibospliori>tt(>d  hydrogi'U  gas  itself  Iweomes  sponta- 
neonsly  inflammable  if  hcatiHl  to  the  temperature  of  Ijoiling  water. 

Plw)H])borett<Ml  hydrogen  decomposes  several  metallic  solutions,  giving 
rise  to  precipitate's  of  insoluble  phosphides.  With  hydriodic  acid  it  forms 
a  crystalline  compound,  PHJ,  somewhat  resembling  sal-ammoniac. 
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Ctmiptmmif  of  Photp/tonu  with  CUorine, 

Phoepboms  forms  two  chUrridua,  Aiialoj^tiiui  id  otiiupoKltion  to  the  oxid< 
tbe  qUAiitiUt^  of  ohloriuu  uouibiUinl  willi  ttie  ^auie  quoiiLit/  of  pliofipkori 
being  m  t)io  prupurtioa  of  3  to  0. 

PhOBphorns  Trichloride,  or  Phosphorous  Chloride,  P('l,,  U  pre-] 

pAred  ill  lUv  »aine  ui<'i)iti>'r  itt>  sulpliur  diL-iiluri(l4*,  hy  gt-utly  Lratiug  pht 
plitiruN  iu  ilry  uhldrinn  giu,  Uio  pUonphorua  tiring  in  pxoum  ;  or  liy  poMsinj 
tho  TA|Hir  of  pboHphofUfl  ovai  fragiucuu  uf  caUitucl  (nmrciirona  cliloride] 
contAJTiefl  in  k  ^iltuw  IuIn:-,  atiil  Htruiigly  lifatod.     It  U  n  tliiii,  rolorliwu  llquii 
which  fitinrA  in   the  air,  and  haa  a  iK>M-crful  uid  offoiiitivti  tMltir.     IIa 
oiAu  grAFitT  is  1.45.     Tkrowu  iuto  wattT,  il  aiuka  to  tXui  lM>ttoni.  and  Ici 
•lowl/  d*<cnm[Hi^*<l,  yji^lding    phnapUuruuif   ouid   Axul  bydruvbluriu  acidsj 
PCI,  4-  3H,0  =  3HC1  -f  IIjPO,. 

Phosphonia  Pentachloride,  or  Phosphoric  Chloride,  i*(-\  is 
fonnc*!  whun  phosphorus  in  bunted  in  eXv^^tiH  of  uhliiriia*.     Pieciv  vt  plio»-j 
phorua  »re  introduced  into  &  l;irge  luhuUted  ri'tort,  which  Ib  tlien  flUo 
with  dry  chlorine  gtn,     Thi-  pho!*phoru3  luktm  fin^  and  humit  witli  a  pill 
Atone,  fumiing  n  whito  volntih*  cryritallinn  sublimate,  which  is  thv  pf'nt; 
ohloridn.      It  luAy  be  ubtainiil  in  largrr  quantity  by  passing  a  otrrniu  of 
dry  chlorin<'  gas  Into  tht?  liquid  Irirbloride,  which  iK-i-^jmcH  gra«lually  i^m- 
▼vrtod  into  a  »ulid  cryHtolUne  iuiimn.     PhosphoniH  ptmliUThloridi.*  is  diKMJiii' 
pQMti  by  w.tter.  yifhling    pbosphorio    and   hydrooliioric  Avidii :    PCL   * 

PhosphOTOS  Oxyohlortde,  POCI,,  Is  produovd,  togetlior  with  hydro- 
■OtUo'^^  Ai-id,  when  phiMpboru.t  pontachloridt.*  it«  h«atMl  Hith  a  qnantity  of 
im«uffici**nt  to  convert  it  into  pli<wp)ioriL'  m:itl.  U  nuiy  also  bu  pri*- 
by  distilling  lh«  pMUtat'hInride  with  di*hydrnttHl  ijxalir  a4.-id,  or  h/ 
difitiUiug  a  mixture  of  phottphorua  pontaohloride  and  ph<m[*hr(ric  oxldi!.. 
It  is  A  culurlfjis  liquid,  uf  Hp.gr.  1.7,  iM->Mt»)t(!ilng  a  vtiry  puiigtuit  (Mlor,  boiling. 
St  lllP,  rttailit/  deamipotted  by  wul^T  into  bydroobloHu  and  pbospburi 
acids. 

A  <s*tifthocMvntlii  of  analogous  oorapoaiiion  is  prodnocxl  by  the  action  of 
hydf<>^'<n  sulphido  on  tbti  pvntachUffido.  It  is  a  culorloftfl  oily  liquid,  d^ 
ouuijiuaud  by  water. 

TwA  hromietf*  nf  phnirjthnruM^  an  oryhmmuie,  and  a  ttJphohrnmide.y  are  knnwilf 
oorri*«f>ondin;;  in  t^MniHi^ilion  and  prop«rti«0  with  the  cUturine  oomponnds, 
&nd  ublainixl  by  siiuilor  processofl. 

Phosphorus  forma  also  two  induUiMj  PI,  and  PI,.  Both  are  oHainf*d  by 
dititMflving  ph'mphui-ufl  and  io4lino  togutber  in  carbon  bisulphide,  and  om*!- 
ing  the  liquid  rill  crynlals  ar«  deposited.  Whatrn'^r  prn|M>rtit)nN  itf  iodino 
and  ph'^tplioriiti  nmy  bo  usod,  those  two  oompounds  always  crybUllixvout, 
luixvl  with  i*xoi'$:(  ifithor  of  lodini^  or  of  phi>spboru«. 

Th«  tii'ithfitir  nirlta  at  lllf-'  C.  (2:ii»*-'  K.),  forming  a  red  liquid  which  con- 
di'n!it*i  to  n  light  n^l  solid.  The  triuMfiilf  nitdt*  at  fi.'i*-' ('.  (laio  p.).  :uid 
cry^lallixi^  on  c<M)1ing  in  wi'll-di'liiii'd  jtriHinH.  lloth  aro  ili-i-omjHWiKi  by 
watiT,  yielding  hydriodlc  and  photsphorons  acids,  the  di-lodidti  also  de- 
positing yuUow  llflJces  of  phuephoriu. 
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Compoumig  of  FhotpkontB  vtth  Sulphur  ami  Sthnlttm. 

Stilphldeft. — Wbfn  ordinary  pho^plicrus  and  sulphur  art*  heated.' 
togvtbur  in  tUu  dry  stati*,  or  mvltod  tpguthcr  uud«ir  waUn,  QUUi\AU».V\ua 
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t  placti,  Attended  with  Tivid  oombastion,  and  often  with  Tiolent 

on.     Whon  auiorplious  phosphorus  U  used,  tho  reaction  ifi  not  uxplo^ 
though  still  vary  rapi"!. 
Bix  ortiii^iuanils  of  sulphur  ami  pIii>»pborua  hnvu  b«*on  pri<]>arod  con 
ing  the  foUowuig  proportiuuB  ul'  sulphur  and  phosphorus : — 

CompoiltluD  \>y  welgbt, 

HcmiHuIphide,  P,S        .         . 
MiiU)>sulphh)B,  l*.&        • 
15<.*i>quitiulphidL\  I\S,    .  .         . 

Trisnlphith',  l',S, 
Pl'ntAdulphidl^  l',Sj     . 
Dodlecuiiutphidt',  I's^u  ■  • 

Tlio  fourth  and  fifth  an*  analngouf*  to  phnaphnrons  and  phosphoric  oxSd 
reapectivvly  ;  th»  othui-H  hnvo  no  kuovvn  analogues  iu  the  oxygun  Borit 
Tliey  may  all  he  formwi  by  hrating  tht'  two  btiilii'S  together  in  the  requifi 
]irop()rlioit(4  ;  hut  the  trittulphidu  and  ]^»entaiiulphide  sira  more  uasily  pr 
parivl  by  warming  tlio  moni>Hulphid(»  with  a<lditinnal  proportiouB  of  a 
phur.  Mon*ov<T,  the  two  lower  tiulphi<lt^  exhibit  ietomerie  lufKiitieatio 
uai'h  being  capable  of  existing  as  a  ixilorlesH  liijuid  and  as  a  red  Holjd. 

The  mon<>,  tri-,  and  penlaaulphides  nf  phosphorus  unit«  with  metallio 
eulphi<li*fl,  furioing  BuipUur  salU.  Thu  copper  aalta  have  tho  following 
oompuiiitiuu ; — 

IlypoRulphophofiphite,  Cn9.P,3    s     Cii?,S,. 
Sulphophosphito,  CuS.P^,  s    CnP^^, 

Sulphoph<isi)hnte,  CuS.P,Sj  =     CuPgS,, 

Selenldes  of  Fhosphoma,  analogona  in  oompositian  to  the 
0«OOud,  Tnurtli,  and  tiflU  of  the  i<ulphide«  above  uientioued,  are  prod 
iQrhrnting  ordinary  pliospborns   antl  aiOeninm   t<»pethfr   in  tl»«^  recjiiirtvj 
proportirtim  in   a  stream  of  hy<lnit;en  gas.     The  hemif^elenide  is   a  dark 
yellow,  oily,  fetid  liiiuid,  aoli<iifyin>;  at    130;    the   other   wmpoanrU   a 
dark-red  KolidH.     The  mono-,  tri-,  and  pentnaelenidea  unite  with  metall 
flelenidi*«i,  forming  stflvnium-salta  »nalogoua  to  tho  Butphar-«alui  ft' 
muiitiuULMl. 


0BNXRAL   LAW8  OF   CHEMICAL   COMBINATION. 
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GEVERAL  LAWS  OF  CHEMICAL  COMBINATION-^ 
ATOMIC  TliEOUY. 

BinH>Rx  proc««<Iinfi  further  with  the  Madv  of  indiridnal  otmipoiuidfl, 
U  adviiuihle  u>  entor  iuur»  fully  into  thu  txiiuiiil<<nil{iin  of  portAlu  gfncriil'l 
l»wa  of  chutnicsl   cuiubiuatiou,  and  certaiu    tlit*<>rflionl    notions   fomidt.'dl 
thurenii,  a  !ikuU-li  uf  w>ikh  hju  olrcAd/  bc«u  givuu  in  the  chapter  on  Oxjr- 
gen  (pp.  12.'>-r2iS). 

The  lainsini)ai!9<tion  ore:    (1)  The   Law  of  Eqniralentfl,  according 
ti»  which  tbe  rcplacetnent  of  t'lemciild  on*)  hr  anothor  alwajra  tjUcM  plaoo 
indefiiiit*)  pro|M)rLjoii ;    (2)  The  Law  of  Mti  It  i  pi  08,  according  to  which 
the  (i«<r«ral  <iuaiititi4>M  of   nu  ('li'mfut  A    which    can    unit<>    with    a   fix* 
qiiantitj  of  nimthfT  eh^rni^nt  It,  oiaad  to  one  another,  for  tho  nioHt  part, 
ainiple  num«*rical  prnp«)rtioii*t.    Tlnf  n1mi*rvati<in  of  tlii«i-  lantt  )ia»  hid  to  thi 
idea  that  thf  f^li'im-ntary  l«»tlifS  art*  maiid  ny  »(  indtriHihli*  pnrtir|«<H  rail* 
atoms,  each   liiiviu;;  a  constaut  wtMght   piimliar  to  iLKelf;  and  that   c]u 
niical  cnmlanation  take*  place  hy  the  Juxtaposition  of  these  atums,  1  tn 
1  to  2,  1   to  3,  2  to  3,  etc.,  a  group  of  atoms  tliiis  unitod  Mng  cuIImI 
molouut«.     ThU  ia  the  atomiu  hyputhesiaof  Dalton. 

Sqnt valentft. — The  e4|aivalent  weight  of  an  clcnitrntarv  Uwly  co 
pared    with    that  of   hydro;;)*!),  takvn    a8   unity,   may,  in   many  rnso^t, 
determinod  hy  direct  i>utjdlitution.     Thut*,  when  a  metal  dissolves  in  hyd: 
chloric  or  tiulphiirir  auid,  the  tiuantity  uf  the  metal  which  takes  the  pi 
of  I  part  hy  weight  of  hydrogen  is  its  etiuivaleut  weight.     In  this  mann 
it  \a  fonnd  that  the  equivalent  of  sodium  is  23,  of  zinc  3'2.<t,  o(  ma^esium 
12,  vtc.     Again,  many  o^^atlic  oompouiuls— ^toetic  acid,  for  exnmph^^u-e 
acteil  u]K)u  hy  chlorine  and  hromine  in  such  n  manner  that  i  part  of  thi 
hydrogen  is  removwl  and  its  plaec  siippliiHl   hy  chlorine  or  hromine,  eve 
1  part  hy  weight  (Rrnm,  rmnce,  etc.)  of  hydrouen  thus  rem«ve<l  lifting  r 
plaoe<l  hy  35..^  parU  o(  chlorine,  or  hy  80  parts  of  bromine  :  these  uumhe 
fij-e  thefefufe  the  eqnivalent  Wei-ihls  of  ciiiorine  and  bromine. 

When  one  elomeni  A  unites  with  each  of  a  number  of  others,  B,  C,  D, 
etc.,  in  one  proportion  only,  the  quantititw  of  these  latter  which  comlfine 
with  or  saturat4>  a  given  quantity  of  A^  are  clearly  jiroiKirlional  to  their 
e<{uivalent  wei^^htR.  Thus,  35. &  jmrta  of  chlorine  ore  known  to  unite  with 
1  (Hirt  fif  hy<lrogeu,  %^  uf  soalium,  39.1  of  jiotassium,  3'2.(]  of  zino;  conse- 
queully,  the  numbers  23,  30.1,  and  33. iJ  are  the  equivalent  weights  "' 
»odium,  pota^inni,  and  zinc  referred  tohydn»geu  hs  unity,  in  this  manner, 
the  equivalent  weights  of  elements  may  l»e  determined  without  rw»u 
to  direct  substitution,  which  ia  not  alwayn  practicable. 

The  left  h.<ind  column  of  the  fulhiwitig  table  c^jntains  a  list  of  the 
metallic  or  Kv-iyhmR  elements  which  uni(«i  in  one  proportion  only  with  t 
four  non-metailio  or  chlorous  elements  in  the  right  hand  coluniu,  th« 
nnml>era  opiHiiiitc  to  each  element  showing  the  proportions  in  which  the 
oumhlnatiou  takes  pinoe  («.  j^.,  12  magnesium  with  35..*)  chlorine,  39.1 
putavsium  with  80  bromiav,  otti.)»  or,  in  other  words,  the  equivalent 
weights  :^ 
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. 

Equlv. 

Hjrdjvgeu 

1 

Flaorino 

Bi^r^llium 

.       4.7 

("'hinriiifl 

Aluminium    . 

.       9.13 

Bromine 

Lithium 

7 

IlMlillO 

Magm«itim    . 

.    v: 

Calcium 

.     '20 

So<Uuin 

.     23 

Ziiiti 

.     32,  (> 

ludium . 

.     37.7 

PntASdium 

.     3l».  1 

Strontium 

.     43.8 

BaHuui 

,     (i8.7 

Rubidium 

.    feri.4 

Cttuium 

.  133 

EqulT. 

19 

35.5 

80 
127 


Thttfle  numbers,  as  will  bo  t^xiilained  furllifr  on,  uro  also  the  relative 
qnantitieif  of  the  aevurul  »lumeiibi  wliiuh  wuuld  bit  separatud  from  tlu>ir 
oom{Ktun<U  hy  an  t»U"ctrio  current  of  given  tttrength :  thus,  if  the  sam» 
onrrent  wore  parsed  tlirough  M>lutioua  of  Aodium  bromide,  |>otnsdtuui' 
iodide,  and  /.inc  chlorido,  the  quuntitiefl  of  sodium,  potassium,  zinc,  bro* 
tntne,  io<lin(<,  and  clilorine  iiimuUanoousl/  8t*parattul  would  ha  to  one  an* 
otliur  in  tlie  projmrtiDu  uf  tht«  iiumbi'nt  in  thu  table. 

In  modt  ca»''s,  however,  couibinrttlon  between  two  elements  takes  plact 
in  more  than  oue  proportion,  and  in  »uch  cases  the  notion  of  equivaloni 
yalu4  btio^uu'8  Ui^s  definite  ;  in  fact,  ftueh  eU'mentH  may  Iki  said  to  huvu  u 
many  eqnivaleut  weights  as  thero  are  ways  in  wliich  they  can  cnpibjne 
with  others.  Thus,  tin  formn  two  serit<H  of  compt^uniU,  the  stai)nous  oum- 
pnunds,  in  whteU  yj  parts  uf  the  uielal  unitu  with  3rt.r;  of  ohloriiit*,  HO  of' 
brouiine,  127  of  iodine,  etr.,  and  the  stnnnio  compounds,  in  which  liulf 
that  quantity  of  tin.  viz.,  2'.). 5  parln,  discharges  tho  vamiv  function  :  tin 
has  therefore  two  i>(|uivnleitts,  viz.,  hi*  in  the  HtauttouH  and  2i^r>  in  the 
Btauuio  cnupiiuuds.  In  liko  manner,  the  e^uivalout  uf  irou  la  28  in  thA 
f«<rrous  aud  ISj  m  the  fei-riu  couipt^miMls.* 


Atomio  W  eights, — Let  us  now  compare  the  hydrogen  oompoands 

of  chlorine,  oxygen,  nitrogen,  anti  cnrhini  with  rei^ard  to  the  maunrr  ia 
which  the  hydrojconwuilained  in  them  may  bo  replaced  by  other  elemental 
Comparo  first  hydrtKJhIorio  acid  and  water.  \VI>en  liydroehluriu  add  is 
aoted  upon  by  s«)«liuin,  tht  xchMe  of  the  hydrogen  Ls  expelled,  and  the 
ohlorinu  ent<Ts  iutu  C4jmbinati<?n  with  an  equivalent  ((uuntity  vX  the  metal ; 
t)iU9  3tl.r»  iKtrLs  liyilr<»ehlririo  arid  ("=1  jmrt  hydrugen  +  .'i.'i.fi  chlorine) 
ami  23  dodium  yield  1  part  of  free  hy<lri»gen  and  2:1  -f-  3rj.B  (^sSt.ri)  sodium 
chloride  ;  there  id  no  sucli  thin^  as  the  expuLsion  of  iiiirt  of  tlie  hydrogen, 
or  the  foriiiation  of  a  eouipound  coutAtuin}^  both  hydrit^un  and  metal  in 
i)i>mlMnati<m  with  the  chlorine. 

With  water,  however,  the  case  Is  different.  AVlien  sodium  is  tlirowa 
npon  water,  IS  parts  of  that  wunpound  (^  2  hydrop-n  -\-  Hi  oxygiti)  are 
dc*oom|MRted,  in  sucli  a  uiauuer  thai  half  of  thu  hydnigun  is  exiH'lled  by 

•  In  sunh  cn»r-%  M  \%  saifictlmeii  •tippo»#^il  thnt  the  twn  cUa»e«  nf  romiKiunito  ron» 
t&la  illlfcrcat  mctnlUe  rnilicl^p,  cotnljlnnl  wlrti  Ide  a^me  qiinulity  nf  fi  nnii-metNlllo 
Oldorotifl  elcmenr,  thp  Btnnnoiis  comi>oitnil«,  for  exiinpl**.  Winp  supposed  to 
fcin  n  riillr-lr  T'llh'd  t/onnoiKTii  jpn.  5i)i,  ^n<l  thi»  stinnle  mnipoufl'la  nntiTlier 
c^ll***!  atannicuiA  {%-t\.  20-&).  Tmn.  howeviT,  1«  •\  irtfi-e  inndf  uf  rxtTeHnUrn, 
•tBCe.  »o  r-^k**  fb*'  Iwo  rhlviUM  of  tin  for  evtm(>l<\  thrM>  two  itflmpt>ttn<1n  mi|iclil 
Jimt  nfl  wr*ll  bf  ioii>eu»cd  to  vuutaia  dUI'ereat  aiilurous  raUlolei  ouaibiuoJ  with  ttio 
same  qumiltlj  of  tin. 
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•a  eqaUalent  qaftntitT- of  Boditun,  23,  utd    ■odiam    hydroxide   it, 

CorUUMt,  OOIllAUUUg — 

hudluni.         Uydrogen.         Uxygeo, 
23         +  I         +         lU 

7*his  oompoand  rrauiins  In  the  solid  state  when  the  liqnid  U  evAporatp^j 
to  dryu««s  ;  aiid  if  it  he  furlLtir  heated  iii  a  lul>e  with  mnliiini,  Ihf  rt* nuuu-l 
Ing  half  of  the  hy<lrugt^a  is  driven  oir,  aod  ahydroue  sodium-oxide  reuittiuHj 
coiuiii)ni<<l  of  4H  parU)  sodium  -\-  Iti  oxvgon. 

Wnl.T  dillVrs,  thcrffttfo,  frctm  hydrochloric  acid  in  thin  rfl3i[>e<>t,  that  it*] 
g«u  may  hv  ruploctid  by  sixliuiu  in  twu  fqual  portiuus,  yitddinfs  tiuo- 
\Ve\y  a  hydroxide  and  an  AtiliyiirniiH  nxhl»,  the  relatiuiu  uf  which  to 
Origiool  oompoand  may  be  thua  repri'stiuttid  : — 

W«ter.  Sodlumhydroxlde.  flodlumo&lile. 


(1+1)      +      l« 


Hyd.  Sod. 

(1     +     li3>     + 


Ox. 
Iti 


Sodium.  Ox. 

(23    +     23)     +     1«. 


Ref^Ardii))!;  t\u*fit'  rosalLs  in  oonnertlon  with  th«  atomic  h^i)othr«!ia  of  tha 
oonstitutlou  of  b'Mifs,  vrv  may  »u\t{Hme:  (1)  That  ^ncli  umh-tiilo  of  hy-] 
drtK'hlnric  acid  ii  4'oiti{>ns>?d  of  oiu^  atom  nf  hydrogen  and  ontt  atitm  i>t 
chlMrinc,  and  that  when  this  oon)]>ound  in  nrlod  upon  by  etHlituii.  eacll^ 
nt'doviih*  is  du'tvnnpoBud,  its  hydrugeu-atom  being  driven  out  and  repUced' 
by  an  atom  of  sudium  :  thui — 

(n  +  CI)  and  Na  produce  (N»  -f-  CI)  and  H 
1         Z^,b  23  23         3:..5  1 

The  iT'M^hts  nf  thn  thrtte  atoms  onncrrntNl  in  litis  rcartinn  art<  to  nna 
anothtT  in  'Ji**  same  pr(i|>ortion  aa  the  cHuivuLfiil  wi*i-;hts,  or,  taking  tha 
hydri>>;4'n  aa  the  unit  in  each  cane,  wr  may  nay  tliat  the  atomic  wei|{ht» 
of  Bodiuiu  and  clilorim*  are  itluntii^al  witli  their  (H|uivaK'nt  WLM|;hU! 

(2)  Kacli  mohtiuilo  nf  watf^r  inuAt  Im  Miip|M>!tiil  to  contain  txro  atoma  of 
hydrogen :  for  if  it  containetl  only  nnc  atom,  then,  flintv  the  first  ai-tion  of 
thi!  8o*liuni  tfi  to  expt't  only  half  thi'  hydrogen,  it  would  folluw  that  varh 
atom  of  hydrit^'im  would  lit*  nplit  into  two,  and  tliat  t>ar)i  mnhn-ub*  nf 
arMlinm  hydroxide  would  (tailain  only  half  an  atom  of  hydrogen  ;  this, 
howi'Vi'r,  ia  at  vnrianw  with  th«  fundamental  nntinn  of  atonm,  namely, 
that  Ihey  ar«  Indivisihle.  These  two  atoms  of  hydrogen  are  combim-a 
with  a  (juantily  of  oxygen  weighing  ](t,  whioli  ia,  therefore,  the  smallest 
quantity  of  oxygen  capable  of  entering  into  the  ruaotion  under  conaidcra- 
tiou  : — 

H     H     O     -f-     Na     =     II     Na     0     4-     H 
1      1     Id  23  1     23     16  1 


and  wp  fhall  hereafter  find  that  the  some  is  tru««  with  reganl  to  all  othnr 
Wi-ll-^li*flnt<d  reactiomi  in  whieh  oxygon  t^ikcM  part.  Ili'nee  this  t|tiantity 
itf  oxygen,  It)  parts  by  weight  (hydrogen  being  the  unit),  is  regarded  as 
the  weight  of  th*>  atom  of  oxygen. 

This  atomio  weight  of  <»xygen  ia  not  eqnal  tn  tho  M|niTa1ent  wight,  ni' 
In  the  ease  of  chlorine,  bat  twim  tin  (fr*'tU,  8  partii  of  oxygen  being  tha 
quantity  which  is  capable  of  replacing  one  part  of  hydrngeit  in  combina- 
tion, nnd  may  in  many  raHcs  h*'  directly  bultstitutfl  for  it.  as  when  nlcohol, 
a  oomp<tund  of  12  parts  oarlK.n,  3  liydmiren,  nnd  8  oxygen,  it*  oxidized  to 
aretif:  add  ronbiiniiig  12  carbon,  2  hydrogen,  ftiwl  lii  oxygen. 

Lei  ns  now  consider  the  hydmgen-rompoiind  of  nitrogen,  that  is  to  say, '1 
iimnviNiVt.  This  is  romjN«ed  of  1  part  of  hydrogen  nniteil  with  4?  or  \*  of  "^ 
nitrogm.     Now  in  this  oomiMiand  the  hydrogen  U  Tep\aoca,VtVtt  \%j  ^A\\tC^i 
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or  3  parte  hydrogen  with  14  parts  nitrogen.  When  potas^am  b  h 
iu  auiutfiua  gui,  a  otmipouod  calJ*^  potassamiQe  is  fontuM.  in  \ 
oiit^thiM  of  th«  h/drogHU  is  replaced  hj  potaMiom.  Anothrr  mnajKiuml, 
called  tripotaBBamin«,  is  alao  knowa,  ccDSuting  of  ammonia  in  which 
tht)  wholtt  of  the  bjrdrogen  is  replaced  hv  an  eqaivalent  quautitjr  of  polos- 


N 


There  is  also  a  large  olaas  of  oomponnds  derived  from  ammonia  in  li 
manner  by  th«  rnplacement  of  ^,  J.  or  the  whole  of  the  h/drogen 
eqairalent  quantitivx  of  (Krlaln  gnnipH  of  el*^meuU  called  coniKmitd 
(see  page  ^8).     Hence,  by  reA^ming  similar  to  that  which  wai 
applied  to  water,  it  is  inferred  tliat  the  moleculL*  of  ammonia  contains 
atumz}  of  hj'irogen,  and  that  the  atomic  Wfigbt  uf  nitn^gfu  hi  14.     More* 
ovtfr,  in  certain  organic  compoandd,  this  qoautity  of  nitrogi'n  ntny 
Bubatitated  for  3  parts  of  hydrogen,  or  y  nitrogen  for  1  hydrogen :  1*0 
ft^uexitly  the  atomio  weight  of  nitrogen  is   tArcc   timoi   its   e^uirale 
weight. 

Next  take  the  case  of  marsh  geu  or  sMrAon^,  a  compotixid  of  1  part  hydro- 
gen with  3  parts  carbon,  or  4  of  hydrrigeu  with  12  uf  carbon.  When  this 
gad  is  mixed  with  chlorine,  and  expo^'d  to  diffuse  daylight,  a  new  com- 
pound is  formed,  in  which  one-fourth  of  the  hydrogen  lielonging  to  t' 
marsh  gas  is  replaced  by  an  etiuivalrrt  quantity  of  chlorine  :  mid  if  t 
clilorine  is  In  excess,  and  the  mixture  i*x[to£fd  to  sunshint* ,  three  uth 
oomponnds  are  formiMi,  in  which  one-half,  three-fourtlis,  and  all  tha 
hydrogen,  are  thus  repUccd.     Tho  rtaqults  xuay  be  thus  expressed  :— 
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Cnrboo. 

Oikfboa. 
13      4- 


Metliane. 

Hjrdroffen. 


Oarboo. 
12 

Ou-b. 


Carbon. 
12      -f- 


1      4-      I      +      J 
Chloromethana. 

HyilroK^ea. 

Dichloromethane. 

Hf  Jroicen. 

■*— — — %  r~ 


CbloHiM. 

+       33,5 

OhIorinsL 


1       +       1        -h       ^-^       + 
Trichloromethane  or  Chloroform. 
Hyd.  Chlorine. 

-       1 


a&.6 


-\-       36.5     -\-     35. 
TetraehloromcthanL*. 

Chlorine. 


-f     30.5 


35,5       +       35.6      +       36.5      +       35.5 


[ence,  by  reasoning  aimilar  to  the  above,  It  ts  Inferred  that  the  rool 
oalo  of  methane  contaiua  4  alums  of  hydro^t-n,  and  that  the  atomic  weigl 
of  mrUm  is   12.     Moruov.-r,  as  tliia  quantity  of  carlwn  can  unite  with 
4x-t'^''f'  parti,  or  4  atoms  of  chlorine,  it  follows  that  the  atomio  weight  of 
ourtjon  is  iK|Ual  to  four  tirnt*  its  wjuivab'ut  weight. 

We  have  thus  shown  in  three  cai»e«  how  Ihentomio  weipbt  of  an  eUTncnl 
may  be  dptermined  by  the  proi>nrtion  in  which  e<]uivalent  aulwtitul 
tak»i*  plaen  in  its  eomponmU  wit^  Sulphur,  »«'li'nium.  an 

teUurium.  form  hTdn)gf'n-<'<nniM.un.(  iialofrnus  in  thin  r»-H|MK?t  t 

water,  the  hydrogen  bein  their  atomio  weighta 
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ant,  thorefbre,  doable  of  their  eqaivalimt  weights.  BUioon  forms  witb^ 
cliloriiiti  a  compound  containing  7  paru  8ilttx>n  with  35.5  jiiuis  clilorino  ) 
Auii  in  tliis  one-fourth  of  llie  chlorine  is  rt-plttc-^falilw  \ty  hjrdrt»gpu  or  b/j 
brutuiiiM  :  bonco  the  Atomic  wi^i^ht  of  HLiiLX)n  i.>,  lik)_<  tliut  of  carbon,  wjuat 
V*  four  liiuijd  thtt  tiiuivAl'nt  woight.  itH  uuiuerical  valuo  U^iug  'ZH.  There 
a1»o  tfi>iuu  t'luiuifuttt  in  which  the  ntoniic  Wright  is  tH(Uiil  to  five  tttik-a, 
in  which  il  id  equal  to  six  times,  and  others  In  wliii  h  it  in  [ior)iai« 
to  Duvcn  tlm<4  or  vigbt  tiiuuH  the  equivalent  weight ;  higher  rat 
not  bueu  observvd. 


It  must  nnt  be  supptwed  that  the  atomic  wf«{f:hts  of  elementarx 
are  alwuys  actunll/  det«>rmint:il  in  the  tunnncr  almvi'di^scriticd.  ThtTo  oro 
several  other  methods  of  determining  their  numi-'ricul  ralurs,  fut  will  l>o 
'present!/  explained ;  and  the  vulue^  obtaiutMl  by  dilTurent  luethudA  do  not 
alwavH  exhibit  exjiot  agrei'tmml ;  bat  the  atomic  w«Mght.H  of  all  ibe  mi>ro 
important  etttments  may  bo  n^'ardcd  ott  definitely  fixed  within  Bmall  iiunut* 
rical  errorii.  The  cciuivnb.Mtt  value  of  an  i-leinent,  or  the  rntto  of  tho 
equivalent  to  the  atomic  wei^^lit,  in  al»o  subject  to  somo  variation,  oh  will 
be  prtttteiitly  explained,  according  to  the  view  which  may  be  tiLkeu  of  tho 
oonstitution  of  particular  cumpuuu(U. 

The  valnes  of  the  atoniio  weights  on  which  chemLsts  are  now,  for  Oid 
most  part,  agreed,  are  given  the  table  on  page  27. 

Ph^iieal  ami  C%amcal  Hrlations  of  Atomic  Weiiffilt. 

The  atomic  wei)fhtA  of  the  ph»nienlnry  btxlit'd  exhibit  some  remnrkabla 
r^lalionif  to  lb*^ir  ]>byaical  properties,  and  to  the  proportions  lu  which  tliey 
'unite  by  volume. 

1.   To  the  Spedflo  Heata  of  the  Elementary  Bodies. — Dulonr 

and  I'elit,  in  the  (.-uurao  of  their  luvedtigiilionii  on  iipecillc  heat,  observed 
that,  if  the  Bp«.»ciflo  heats  of  bodies  bo  computed  ajMrn  equal  weights,  num- 
bers are  obtained  all  different,  and  exhibiting  no  ninijilo  relatione  amon>:t«t 
themni'lveft ;  but  if,  inttU'wl  of  equal  wi'ij;ht.s,  quniititien  be  taken  in  the 
proportion  of  Ibe  ntoiuio  weights,  the  reHultia^  Hpeeifie  henlB  (timeout  very 
^Searly  equal,  at  least  in  the  canw  of  snlul  ami  liquid  cUinents,  showini; 
Ihat  some  exc+MNiini^ly  intimate  onnneolion  must  exist  beiwwn  the  relation 
of  bodit^  to  h<*at,  and  their  chemical  nature. 

In  the  following  table,  the  solid  and  liquid  elem#»nt«ry  bodies  are 
arrangi*>l  in  the  order  of  their  H})«<«iitic  huaU,  as  determined  by  Ilegnault, 
beginning  with  those  whose  a[»pcilie  hi'At  ia  the  f^Terite.tt ;  and'  tluH  order, 
it  will  be  ol«4Tveil,  id  tho  inverse  of  that  of  the  atomic  weights  in  the  third 
oolnmn:— 


n 
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ATOMIC    WEIOHTS. 


Sp«^e(/ic  Ilmt*  of  Etenumiarjf  Bodie*, 


Speolflc  Heat 

Atomlo 
WelghM. 

Protluot  of  1 

Elemenli, 

(tbAt  or 

Sp.  Hcdt  X  1 

Water  =  X.) 

At,  Weight.  ■ 

hiUiitim    .          .          .          .          . 

(i.:(40ii> 

7 

t).09 

Sodium     . 

0.2i»n4 

23 

15.75         J 

Alumuiium 

U.2143 

27.4 

5.89        ' 

r-^p-'^-lS" 

0.2120 
0.1:i»7 

}    -    { 

6..'i7 
5.85 

Sulphur    . 

0.202« 

32 

0.48 

PotAfiitium 

o.itiotj 

39 

C.Ul 

Irttii 

0.U38 

fid 

0,37 

HivkA      , 

o.mstf 

68.8 

G.37 

Cobalt       . 

0.1O7O 

68.8 

6.28 

Copper 

o.n;»02 

e3.4 

«.04 

Zlno.         .         . 

0.0!»flti 

65.2 

ti.24 

Articiilo     . 

0.UH14 

7:. 

6.10 

SeltMiiuin  . 

0.U7G2 

7n.4 

6.02 

Bromiuo  (solid) 

0.0843 

80 

6.76 

P&UaiUum 

o.ossa 

lOU.fi 

6.31 

Silver 

O.o:»7(t 

108 

6.10 

Cadmium          . 

o.!*.-)!;? 

113 

6.35 

Indium     . 

0,(070 

113.4 

6.40 

Tin  . 

0,(».')(;2 

118 

6.ti3 

Autimouj 

0.0.108 

122 

6.1!) 

IfMlino 

o.o:,4l 

127 

6.H7 

Tellurium 

0.W74 

128 

6.06 

Ould 

o.o:{2i 

107 

0.38 

Platinnm 

O.O.tl  1 

107.4 

6.15 

«--n-{?i^l  : 

o.o:n9 

0.ns:i3 

}     200        { 

6.38 

6.trd:^y 

Tlmllium . 

0.O3.J3 

2W 

6.8afl 

Liwl 

0.0314 

3U7 

e.50^V 

BismalH  . 

0.0308 

210 

6.48        1 

A  oomparison  of  tho  nnml»<*ra  in  the  fonrtli  column  of  tliia  table  fthowa^ 
that  for  a  oonsiderftbl«  uumbtT  nf  eloroiMitary  bo«lit'8  in  the  8<>lid  stAti*,  tho 
siM>cific  boats  are  vitv  noarly  proportional  to  tho  atomic  wei^htH,  so  tbat 
tku  products  of  tlx^  Hp(<ciflu  hvnia  of  tlu^  eli*mentit  into  tht^ir  atomic  woi^htu 
nearly  a  i»uataiit  tiuautity,  the  mean  valut*  Im-iuj;  6.4.  Thin  qiiantitjr 
bo  tjOcen  to  repn-sent  tho  o/omrr  Actt/  of  the  s»*verni  eU-mentu  in  the 
state  or  the  quantity  of  heat  which  must  bo  Imparte^l  to  or  reniovod 

,tttomio  proi*ortion8  of  tho  several  elemeuta,  iu  ord»'r  to  proilui-v  equal* 

wUtSans  of  temper&lurH. 

CvbiB.  boron,  and  ailioon  were  formorly  n*gardod  mi  exwptionB  to  tl 
|,M  tl**y  aloinio  heuU,  calculate  frnm  the  ttpeeific  heals  deteriniriwl 
^^^^Y  ^^p^j^lnri^g,  b**in^  lyint^iib'rnbly  lielnw  Iho  nxTiu  value  uf  tht 
^  ^»^fa«  ^cacaiU,  as  sho^vn  by  the  follow iu^;  table  : — 


El 


ATOMIC    WElOnTS. 


asi 


£lei 


Boruu     ...... 

^  wood  ohATooat 
Cvbon  <  grBphit«     .     . 

^diaumnd 


8p«lflcHe»e.{^;['»'« 


0.2415 
0.2W»» 
U.1469 
0.1774 
0.17&0 


11 


Product  u1  Sp. 

BcMtv  Atamio 


2.75 
2.90 
2.41 
1.76 
4.07 
4.70 


&t  Welch  I. 

At.  Heftt. 

28 

0.7 

12 

5.S 

U 

5.5 

F.  Weber  bw,  however,  lately  shown*  that  the  speeiflc  he«U  of  thcM 
bodi««iucf«asorHpully  athi^h.'r  limiHTatores,  and  that  at  particular 
turea  (alKiut  fSmtO  u,f  carUm)  ilwy  I..-.>..iik'  wnNtmit,  giving  for  the 
lo  heata  a  lutuui  valuts  of  about  )i,  which  it)  ni*arlj  tlu*  «niiii*  us  Ihal  uf 
other  elemtiuta  of  small  atoniio  weighty  llko  aluminium  and  plu«phoras, 
thua: — 

Sp.  Heat. 
Sllioon          ....    O.'Jd.) 
Carbou         .         .         .         ,     0.407 
Borou 0.5 

The  apeciflo  heats  and  molponlar  weigJits  of  similnrly  mnptilnt*^!  (»nj- 
pounds  exhibit,  for  tlit*  muni  part,  the  eamo  relation  art  that  which  ifl 
obserred  betweuu  the  upeciSo  hsata  and  atomic  wuighta  of  the  eleiiuiitts. 

2.  To  the  Oryatallina  Forms  of  Compotmda.— It  Is  found   that, 

In  many  caft<'«,  two  or  lU'-re  (-otnpoiindx  wliiih,  frun*  chemical  conxidrrft- 
tiona,  are  Bup|HW?«l  to  <v'iitaiu  equal  nunibci-H  of  atniiis  of  thflr  rf«iHMHive 
ri€im«>ntSf  cryittAlliii»  in  tliB  ttanio  or  in  vi'ry  fliuiilnr  fonii.-(.  Sui'li  t.'oui|K>uniiB 
mre  aaid  to  bo  inomorfihoHH.^  Tbufl,  thu  aulphatcs  c<mKtitutvd  like  uiagne- 
■lum  sulphate,  M^S>.>4  -f  VH^O,  are  isomorphous  with  the  CMnreepondlng 
•elenat«a,  M»SeO,  -I-  711,0. 

Aocordingly,  lfat«n  ixomorf>hona  ff^lMionH  arp  ofton  npiMmlfd  to  for  the 

mrpose  of  fixing  thi;  (Mmatitution  of  compounds,  and  tlo'ncc  dinluoing  the 

Itomic  weighta    of   tlic-ir    tdnm*>ntji,   in    cast's    nhich    would    ottiiTwist^    Iw 

toabtfnl.     ThUH^  aliimininm  fnrmn  only  nnt*  oxide,  viz.,  alumina,  whU<h 

fai  oomjKWf.'Hl  of  18.3  parts  by  weifrht  of  aluminium  and  ItJ  parts  of  oxygon. 

What,  then,  ii^   the    atoniio  wei^^lit  i*f  nluniinlam  F     Thr    amtwer    to    tliJa 

ineetioik  will  depend  upon  thu  «ionHtjtuliou  assigned  to  alomlua,  whether 

ia  a  mouuxide,  aeaiiuiuxidtf,  dioxide,  etc.     Thaa  >» 


o. 

AL 

Moaoxldo 
Becqoioxide  . 

.     AlO 

.         .     AI.O, 

S9 

1« 

48 

+ 
+ 

18.3 
(27.4 
}27.4 

Ploxide 
Trioxide 

.     AlO, 
.     AlO, 

_, 

32 

48 

4- 
4- 

Sti.O 
54.6 

The  numbpr*  ia  tlio  lft«t  column  of  this  tablo  are  the  wpightu  wb 

must  be  aesiglK^d  to  tho  atom  of  nlnmiiiiani,  ftccfmling  to  the  ueveral  iiiodeii 

ormstitiition  indlcat'-d  in  the  firnt  column;  hut  there  is  nothing  in  the 

mstitution  of  tho  oxide  itself  that  can  enable  uh  to  deeide  betwe<'i>  tltrui. 

low.  iruQ  foniLs  two  oxldeiif  iu  whiirh  the  quantities  of  oxygen  uuitod  with 

•  Ado.  Chlm.  Phjri.  [6].  vlll.  133. 
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the  samo  quantit/uf  iron  aro  to  one  another  as  1  :  1^.  or  as  2  :  3.  These 
aru  Ihcit'foro  regunicnl  as  morioxiilu,  F«0,  and  sraqaloxide,  Kl',Oj,  and  this 
las-t  iixiiie  is  kiiuwii  to  be  inoiuorphoua  with  alumina.  OniMt^iui-iitlv,  alu< 
miua  1»  alao  rcj^urdod  as  a  acsquioxide,  Al^Uj,  and  tliu  atntitic  wri^'ht  at 
aluminium  la  Inl'errud  to  be  27*4. 


3.  To  the  Volume-relatlona  of  Elements  and  Componnds. — The 

atomic  wei;^lils  ut  thoao  i>l<'uit'ULs  whieh  anj  known  to  exirit  in  Uw  htnt/^  nf 
gas  or  vapor  are,  with  one  or  two  exceptions,  pro{K>rtion.il  to  tln?ir  spfcifn? 
gravities  In  tlie  RAmn  Htate.  Taking  the  Hj>et:illu  gravity  of  hydrogen  as 
unity,  tliuoe  of  th«  fullowing  g^tnti  and  vapors  are  oxpreusod  by  uDmlM.*rs 
identical  with  thuir  atomio  woights  :— 


I 


Hydrogen 
Chlorine 
Bromine 
Iodine 


1 
35.5 
80 
127 


Oxygen 16 

Sulphur  .  .         .  .32 

Hi'li*niiim         ,  .         .  .     7W 

T.'Uuiium       .         .         .         .128 


The  exuoplinns  to  this  rnliiarp  exhibited  hy  fiJtn.ijthnrti!i  and  arstmit,  wlr 
vapor-dt'naiti*,-*)  art*  twife  as  gniat  08  their  atoiuio  wrlghlH,  thai  ol'  pli 
pliorus  iNMUg  ti2,  and  tlint  of  antenic  ITiO  ;  and  by  mnnirif  and  cathntHm^ 
whoHt*  vaiwr-deuftitifs  are  the  bnlvitt  nf  tlieir  atomic  wisighlH,  that  of  mtT- 
oury  iM-ihg  100,  and  tliat  of  omlmiuw  Oti. 

From  Ibcrto  relations,  conrtiderLKl  in  cuniioction  wiib  tlie  almve  explainotl 
law8  of  ntiiil>inution  by  weijrht,  it  follows  that  tho  volumes  of  any  twn  (?h«- 
mcntary  ga^<ii  wiiich  maki'  up  n  cx>ai{>oand  molcruh',  arr  to  on**  another  tu 
thn  Hanio  ratio  ai4  thi3  nnmN^rof  atoms  of  tho  naum  olrmimts  which  enter 
into  the  compound,  exc4?pling  in  tho  case  of  phoephorne  and  an«.<nii',  f« 
which  tho  niimlMT  of  vuluiui's  thua  determined  has  t«t  be  lialvutl,  and  oCg 
moranry  and  uadmium,  for  whicli  it  muat  he  doublod  :  ChU8 — 

The  moltH!ulfl  fin       contains       1  vol.  II  and  1  vol.  CI 

H,P 

HjAs 
Cl,Hs         ' 

the  imallest  Tolnme  nf  a  gaseoiu  element  that  can  enter  into  eom 
m  he  ca1I(h1  the  combining  voluioe  of  that  element,  thr  law  of  combi 
ni  may  l>o  tfxprei!i.*ie«l  a»  folbiws  :      The  ttmil)i»iii<f  roiitmes  nf  tM  vlrtnmttMTjf 
\ar*  Hfunl,  rTrf/ttint;  llrnmr  of  phoxfJinnu  and  untrnir,  wftirfi  are  onlff  half 
^tk*  othrr  elfntfftts  in  thr  ytmcm^  riaff,  and  those  nf  mertmry  and  aM/miHfiif 
i  W  double  tfiii»t  of  tfif  othrr  fJemr»ts. 

ttf^MUS,  then,  that  in  all  casee  the  volumes  fn  which  gaseous  clo- 

Ik  MVlbtne  together  mny  bo  expressed  by  very  simple  numl^ers.     Tiiis 

9  *^tAW  of  Vohimes,"  first  oltnerved  hy  llnmlHtblt  nud  Oay-Lmuau  in 

^  «ttk  ret^ar^l  to  the  combination  of  oxygon  and  hydrogi>n,  and  nfter- 

ihM    in    i»ther   cases    by   Oay-Lnssno,    whose   olwervatJons, 

li  Ihiii  "Theory  of  Volnmna,"  afforded  new  am!  independent 

«<wt1unatinn  of  Ixvlies  in  definite  and  multiple  proportions, 

^■rttiM  14  that  deriveil  from  the  previnmtly  ohnerved  projwrtinns 

kf  wicht. 

|||B»«few  olven'ed    tli-tt    the   product   of  the  union  of  two 
]^«A,  sometimes  retains  the  original  volume  of  its 
or  ohsuge  of  volume  resulting  from  the 


2 

II 

H    '• 

1 

O 

3 

n 

H    *' 

1 

N 

3 

4t 

u  •• 
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P 
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«1 

H   •' 
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3 

14 
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11 
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As 

2 

11 
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tBlion,  bat  that  when  contraction  takes  place,  which  in  thtf  mnet  oom- 

lott  i^ost*,  the  voluuit*  of  lite  cotiiiHiiuid  gna  aiv^yn  iman  a  tituipl**  rntiu  to 

i«>  roluditM  of  im  (.•It'tueiitei :  ami  aut>tf**qtK>iit  ulwcrvatiou,  exti'iultxl  over 

Jajrge   uumbvr  uf  coui^iouiuU,   uii^ajiic  ms   wAl   as   inorgatiic,    has 

It,  Willi  A  few  cxiHiiliiiiiM,  proliahljr  only  apparent,  the  tuoUculra 

'  bntiirs  in  thf,  panrouB  fiUiti!  w.cu^iy  tnut   the  vtilnmr  of  an  atom  it/  Ay- 

ffM  ytu.     No  iiiatt«T  what  may  Iv  tlin  huiiiImt  of  ntuiii»  or  volnifji*  that 

^n(i-r   into  the  i.-uin|HiUUil,  ihey  all  bAxwuiu  coudetiboil   inlu  two  viiliiiiuT»  ; 


1  vol.  a  and  1  vol.  CI  form  2  vol.  FICl,  hvdrocUloriP  arid, 

1  "     N    **     1    "     O      '•     2   •'     NO.    nitroj-eu  dioxia*). 

2  "     H   "     1    "     0      "     2   "     IL<».  wAt.r. 

3  "     H    '•     1    "     N      "     2  -*     U^N,  wumonia. 
3   "     H    '*     i    '*     P      ••     2   "     H,P,  hydrogen  phosphide. 

imiUu-ljf  in  the  anion  of  oompoand  gases,  e.  y. — 

1  vol.  Hliyl,     C,IIs.  and  1  rol.  CI  form  2  vol.  C^UjCl,      othvl  rhlnride! 

2  "     olhyl,     C,lli,    "     1    "     O     *•      2   "     (CjUOiO,  elhiioxido. 

3  "     eth..nu,  r,U„    '*     2   "     CI    "      2    "     C,U,CI„     eth.MiLMhh.jido. 
2    "     eUiCDf,  C,»„    **     1    '*     0      "      2    *'     C,IJ,<),        «themr  uxUlu. 

It  will  prrt«t*ntly  !>»•  »Iiown,  ns  at  li'flsl  lilglily  pr<»hrthh»,  that  tho  uiuU^ 
cnlt?  of  an  rlciocntary  f^n.^  in  the  fr'.'C  slato  in  ninil<'  up  of  two  At.jiii«.  UH, 
ijjur  I'xntupte.  Tin'  law  jiiHt  eiiuncintod  may,  tliorcfons  he  ^i'liorulized  aa 
IAjIIowS  :  Tftr  nut/rnilrn  iif  till  yiiwx,  xiin/Jr  or  iitmfummi,  rM-mpy  rytuif  iWuinci ; 
(or,  ^fjiiaf  iW«m«  (if  fiU  ifoitnt  ffititain  rt/uiil  numf'rr.\  uj'  tmtttrnIcA. 

TliiH  i»  willt'd  tho  "Law  of  A  v  Ojj^ad  ru, ''  having  bcvn  first  cniin- 
(in  IHtl)  by  an  Italian  phynicittl  of  that  iiamr.  It  ih  (jniu*  in 
mvf*  with  Iht*  otw.TViMl  fart  lliat  all  pcrft-ct  giu«'»,  fiirnpie  and  coni- 
id,  art*  ('(jnalty  alTi'.'tc.i  by  etnial  variations  of  iin'^inuri'  ami  Icmpi'ra- 
and  indtvt)  it  may  Ix;  tthown,  by  mathematical  reoMoniiig,  to  ftilhiw 
n  necessary  consfi.pu'nc'e  from  the  physical  cunstitutiun  of  ^atfcft  as  es- 
|plain<*d  in  eonnooUon  with  tho  dynamical  thfory  of  boat  (pji.  7(J-J*1)  :  but 
lit:  d*>raoni*lration  is  not  of  a  nature  adaptoil  for  an  elementary  book.  Thu 
law  may.  howver,  Im*  r».u«i.lere.|  ai*  r.'iiipb'ti'Iy  e!ttnbli>lif(l  by  lb«!  rela- 
ti.tnK  IwtwrTn  the  ronibiiiinfx  proiiorli">ns  of  the  cleiiientrt  by  weight  nn.l 
hy  rolum*-  ti'A  ain-ndy  explain*'*!,  and  it  U  now  regarded  as  alfording  tlio 
;«urtfiit  mctliiHl  <jt  Hxin);;  the*  moleeular  oonHtitution  of  all  e>^imjHjon.b.  (hut 
iCan  l»o  obtnintvt  in  tlie  gaeeoutt  state,  and  tliu  atomic  weigblei  of  the  elo- 
imt'nts  oontaln«Ml  in  tht^m. 

S(ip|io««?,  for  fxaiiiple,  it  were  required  to  determine  the  atomic  weight 
:of  tin.  Thin  metal  fnrmB  a  vnlalih^  clihirlde  (stanVde  uhloride))  In  whieh 
20-5  parta  br  w  ■ijrlit  of  tin  art*  combined  with  lif»,fi  parts  of  chh.rinu : 
[20. B  is,  therefore,  the  eqnivslenl  of  tin  in  this  rom|K)und.  Now  the  vapor- 
d'-n^ity  of  ihift  ohlorid.',  or  tii«  w.iijjbt  of  one  v<i]unte  referred  to  hydrogen 
Jis  unity,  is  mS  ;  roiisequently  the  weight  i»f  twr>  voluni.tt  of  the  vapor  is 
[270.  and  thid  coiitainH  118  partes  of  tin  and  Ay,\^.U  or  142  of  chlorine  ;  and 
thift  appears  to  1h<  the  etiluridu  uontaining  tho  largedt  pniporlion  of 
[tblorine,  or  the  nmalh'^t  pro[K)rtii'm  of  tin,  it  in  re^^anietl  si»  a  eomiiound  fif 
'  atoniH  of  chloriuo  and  1  atom  of  tin,  aii<i  tho  atomio  weight  of  tin  ih  thus 
foun.!  to  K*  118. 

When  an  element  doMt  not  form  any  volatile  rompoundfl  whofle  vapor- 

^nsilies  e-an  Imi  exaetly  :i3iri'rfain.«d,  ita  atoniie  weii^ht  may  Iw  determined 

\U  «iM»cirie  lie-at,  ai-.trtlin;;  (n  the   law  rif  Dulunn  an*i  IVtit  (p.  221).  or 

it^  isoiuorphoui^  relations  witti  other  eb'iiientiif  ua  alreatly  ex.\d^V^usV  S\\. 

lOAiw*  uf  aluuiiuium.     To  uivo  mu  iubtaiici!  of  tUti  dtiWnkk\u&V\ou  ol  SX 
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atnmio  weight  of  an  clement  n«wr<ling  U>  iU  spociflc  h«at,  w«  may 
the  cttiio  of  indium.  This  tin:tal  foriiiii  a  cliloridu  iHmtaiiuiig  35.6  par 
ehlorint*  and  'M.fi  partu  of  indium,  wliich  latter  number  iu,  thcrt'foro,  th 
eiiiiiruU'Ut  weight  of  tha  mi*tal.  N»»w  when  indium  wa«  Hrst  di»oovered 
(iu  lb03),  Ihia  cUloride  wa«,  lor  reartmiH  whlcU  need  not  here  be  apeeiliod, 
regardwl  as  a  dichloride,  InCl,,  and  consequently  the  atumic  weight  of 
Indium  was  sujiposei  to  be  70-0.  SulmL-qucntly,  however,  Hunsen  Hhowi-d 
that  th«  *tpecilJc  heat  of  indium,  rorurrod  to  the  unit  of  weight,  is  ti.U&7^ 
and  tliis  nuiulK.r  multiplied  by  75.0  givfs  fur  the  atomic  hetit  the  nnmlief 
4..'i.  whieh  does  nut  agree  with  the  l;»w  of  L>u long  and  J'utit;  but  If  Ihs, 
ohiori.h-  Ih?  regarded  as  a  triohloride,  MCl„  making  the  atumiu  weight  of 
the  motal  equal  to  three  times  ita  equivalent  weight,  or  113.4,  tlio  atomic 
heal  be«.i*)mes  (J.15,  whieh  agreL-M  very  nearly  with  the  general  law.  Thii 
ntimbor  11U.4  hi,  tUoruforo,  uuw  adopiod  aa  the  atomic  weight  of  indiiun. 

Specijir.  or  Atomic   Volume, 

ThMe  torros  denot«  the  qnoiiont  obtain^  by  dividing  tho  mnlecah 
weiglit  of  a  body  by  Hnk  tipeeiHe  gravity.     Now,  from  the  law  of  e«indensa*i 
tiou  in  the  eitmbination  nf  goises  aliuve  detailed  (p.  ^b),  it  follows  tltal 
the  xffrrin'c  qraritt/  of  any  cnmitnmid  (/as  nr  r'^r/wr,  rrfrmvl  lo  Ai/rfror/yn  ««  wni'/yy 
M  fiiniil  tit  Mil!/  it n  atomic  or   ifntitmtar  weiijIU:     henw*   rtlr^o,  thr   ^H-rlfir  vtttufnfm<\ 
of  commHml  tftisrs  or  vafn>ri,  rtj'erml  lo  tfiat  of  h*f<lrvijvn  as  unit*f  are,  irtfA  afeto, 
txcpfttioiu,  ftfttol  to  2.     It  will  prt-suutly  be  shown  thut  the  same  law  appUecJ 
to  the  Hpeciliu  volumes  of  the  elomenlary  gtinLit  Ihemsolvus. 

Some  uom]Mmn<Lt,  however,  exhihit  a  di^parture  from  this  mie,  their' 
observed  sptN'ifie  gravitii'j*  I>eing  wjual  In  rmly  one-fnurlh  their  molecular 
Weights,  or  their  molecuU^s  ocuapying  four  times  tho  volume  of  an  atom 
of  hydrogen.  Such  ia  the  cai^e  with  tiaUammouiac,  NH,C1,  phosphorus 
)>entatdiloritle,  TCIj,  siilphurie.  aoid,  H.^80,,  anmionium  hydrcMulphido 
(NH,)^!!,  ami  a  fuw  others.  This  anomaly  is  probably  due,  in  some  at 
leant,  to  a  dt^compiwitiou  or  '*  dissociation"  of  tlie  c«im|Mmnd  at  the  high. 
temperature  to  which  it  ia  «nbj(^etwl  for  tho  dett-niiiniiticm  nf  its  vapor- 
dimsity  ;  Nll^t'l,  for  example,  splitting  up  into  NU^  and  IK'l,  eaeh  of  wliieh 
oceupitv^  two  volimx'.-i,  and  the  whole  therefore  four  vnlunie^  ;  and  in  like 
manner  H^^jO,  may  U>  eupposiMl  to  separate  into  U,0  and  feo, ;  PCL  into 
PCI,  and  CI,:  (i\'Hj)S»  into  Nil,  and  H,S.  etc. 

On  the  other  hand.  Home  snlwtaneM,  l>oth  simple  and  impound,  exhibit, 
at  tem|K»raturcs  not  far  above  their  1)oiUng  |>oints,  vai>or-<leu.sitiea  oon- 
*iderrtl>ly  greater  than  thf*y  Hhould  hnve  actxmling  to  thr  genernl  law^ 
whereas  when  raided  to  higher  temperature)*  they  exhibit  nonnal  vapor- 
deusities.  Thus  sulphur,  which  UiiU  at  44(KJ,  exhibits  at  1000^',  liko 
cVmentary  gasi*  in  gen«ral,  a  va^xir-density  equal  to  its  atomic  weight, 
tU.,  32;  but  at  {iOoO  iu  vajxtr-denaity  is  nearly  thrtw  times  as  great. 
Anaiu,  acetic  acid,  C^ll^O^,  whr)ne  molecular  weight  i«i  ^-f~'^*4~  1**=eIKV 
%m,  at  lempiTHlurffS  eonsiderably  nl>ove  its  boiling  point,  a  vnpor-density 
vevly  M^inl  to  :i(> ;  but  at  1250  (H  degrees  alxive  its  iKiiling  point),  its 
«ifper-den<iity  is  rather  mim*  than  45,  or  1^  times  as  grent.  Tliis  nnomaU 
of  vapor-deuaity  appears  t<j  take  place  when  the  suliHtanco 
its  liquefying  jmint,  at  which  also  it  exhibits  irregulurities  ja 
^  exptmion  and  oontraeiion  by  variations  of  pressure  and  tompo- 
which,  in  »hort,  it  l»egin5  to  Udiavt*  itself  like  a  liquid  :  but  at 
nir>«  it  exhihilB  the  physi«*al  clinrncters  of  a  perfect  gas^ 
fprciflc  j;rttvity  beionu-s  iiornuil. 

^ U^mUaml  Soiitit. — The  following  r  >M.    .•vhibjts  the 
^  ftflMaolid  and  liquiil  elements  wl  graviti(*A 

wiilhiuffit'iewt*<iturai.'y.    The i -•  arranged 

fMiAe  vfitatnes,  bcglnniug  with  the  btujilitat  ;^ 
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SPBCtriO    VOLUMES    OP    BCLTDS    AND    LIQUIPS. 


SfMri/ic!  IVimw  ^  Solid  uml  Liiptid  SltmmU, 


Alomlc 

fliMWiae 

SpMUl« 

AliintP  1 

fipecfflc 

8p««Ue 

vvl«bl. 

tr»»Hy. 

*olaai«k 

wtlffbt 
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Toloma. 

ChT\tOU,  juWtfi- 

Mttruiiry,  li- 

mmyi.      .      . 

lo 

3.63 

3.4 

quut .     .     . 
Sulphur,   tri- 
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14.8 

14.8 
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Ia 

2.1 

4.4 

Carlwn,    an 

mrtriv     .     . 

32 

2.07 

lfi.2 
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12 
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5.2 

Indium     .     . 
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60.8 

8.0 

6.8 

rhunphurus, 
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55 
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31 

1.94 

16.8 

Cobalt  .    .     . 

68.8 

8.50 

7.0 

Sulphur,  m»- 

Iron       .     .     . 

6U 

7.8 

7.2 

mtciinic  . 

32 

1.98 

16.2 

Copper .     .     , 

t>3.4 

8.U5 

7.2 

Tin        ... 

118 

7.3 

16.2 

Ctimmiuin 

62.3 

7.<U 

7.4 

Sul(<nium, 

Iri'lium      .     . 

198 

21.8 

9.1 

gruHular 

79.4 

4.80 

16.4 

Platinum  .     . 

1D7.4 

21.5 

0.2 

Phosphoras, 

Zinc       .     .     . 

6ri.2 

7.1 

9.2 

31 

1.84 

16.6 

PallAaJum      . 

lOti.6 

11.8 

9.2 

Aniimouy 

122 

6.7 

18.2 

Rhodium  .     . 

104.4 

11.0 

0.4 

Lt'id    .     .     . 

207 

11.33 

18.3 

BUrvr  .    .     . 
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10.5 

10.2 

1  S«'lfiiiiim, 

fiold      .     .     . 

li>9 

19.34 

10.2 

nmftnJtata  • 
Tellurium 

79.4 

4.28 

18.4 

iiluuiinium    . 

27.4 

2.67 

10.26 

128 

6.2 

20.6 

UoIylKlc^ 

BiKmuth  .     . 

lilO 

9.H 

21.2 

num  .     .     . 

D6 

8.6 

11,1 

SfMliuoi     .     . 

'MA 

0.97 

23.7 

Bilium,     yro- 

Cnlcium    .     . 

40 

1.6H 

25 

28 

2.5 

11.2 

lodino .     .     . 

127 

4.95 

25.7 

Ulhiiiiu     ,     , 

7 

0.5ft 

11.9 

firuiulne,    li- 

Cwluiiuiu  4     . 

U% 

8.7 

13.0 

1        qmJ.      .      . 

80 

3.19 

26.8 

Uranium   .     . 

240 

1B.4 

13.2 

1  Clilorliie,   /i- 

Antonio      .     . 

75 

5.63 

13.3 

qtitd  .     .     . 

35.5 

1.33 

26.7 

Mugnen. 

Strontium     . 

87.6 

2.54 

34.4 

tun    .    •     • 

!M 

1.74 

1.3.8 

1  PoUitittiuiQ      . 

30.1 

0.86 

45.6 

I 


The  nambeTS  in  the  tlifrd  colamn  of  this  table  do  not  exhibit  the  sfm- 
pU^ut/  of  rvlattun  wliich  cxinU  U>twM'n  the  Kpeciflu  volumcH  of  ^»Ht*«ua 
bodii<<s.  TbiTt*  Arc,  iihl(ifl«  goveral  caUHt>fl  whieh  inlt-rfrrp  with  llu«  exist- 
ence.', or  at  leOKl  with  lh»'  ulwervatlnn,  nf  purh  simpln  relalloiiB  lK*twt*i*a 
thi>  (ip»H.-ifia  T(»luim*a  uf  oolid  and  liiiiiid  (OtMnuiits.  In  th**  t'irttt  plno*.  th« 
dfRKitii-^  of  thTK'f  of  thcnt,  inorcury,  bromine,  and  rlilorine,  art;  such  oa 
lMd<»i|;  tn  Ihum  in  the  lii|uiil  ittnte,  wluTt-nst  tlio  dt-nMitictt  oifaignvd  to  all 
the  oihfrH  Inivt^  ttet^n  dfU'nriiniMl  in  thii  nolid  stat<).  In  Holidit,  mortMtx'nr, 
the  dt-nsity  is  proatly  afTwtwl  by  Ihw  stalf  of  aggregation,  wht'fhttr  crys- 
tallin**  or  amorxiliouw,  atui  in  dmw»rphoun  iMirfics,  ca^'h  form  haa  a  drnnlly 
j>e»*uliar  to  itnelf.  Fnrth<tr,  o.^  solids  and  Uqtiicln  are  variously  afTcfti^l  hy 
lifal,  fai:h  having  a  pciMiliar  ratt«  of  expAntiitm,  ami  t1i.it  ralM  Ix-inp  dif- 
ferent at  differt'ut  l*»raiM»riituri«,  it  is  not  to  Ijo  expocU-*!  that  thtir  mih'<'|IIo 
voluroiii  should  exhibit  aimpk*  rWaliunH.  unltvs  tht-y  an*  compnr'»d  at  tom- 
jwmlun'j*  at  which  they  are  simiUriy  affected  by  heat.  Kven  gasii*  are 
found  to  exhibit  .ihnormal  specific  volumeK  if  compared  at  temperatuni* 
too  near  the  |¥)intti  at  whirli  they  pattn  into  (he  1ic|iiid  state.  In  liijiddSf 
the  sUupbrMt  fi'hitioits  of  KjM'^^iHc  Vitlumv  am  fouud  at  Uiom;  teiiitM<rnlure« 
for  which  thu  teiitiionH  of  the  vajHirs  nrc(*(pinl  (ICopp)  ;  and  intnolidH,  the 
melliug  poiultf  are  uiuat  prubaljly  the  floniparahlo  tcniiM>raturc«.     Now  lh« 


V0LUME8   or    SOLID    AND    LIQUID    COMPOUNDS. 

■pwifio  (TTAv^ittefl  of  mnftt  of  the  solM  elomt'.ntfl  in  tlin  procfviing  tablf  hsr« 
>i«»n  (Icli-riiiiiUHl  at  mean  tt>ini>t>raturt>8  (as  at  15. 5'^  C,  (it>o  j.'.),  which,  ia, 
thr  lauf?  of  ]Kitaii!(iuni,  sixliiiui,  phinipliorus,  and  a  few  nttitTii,  do  not  cliff' 
jirtftiXly  from  tlu>  mfltiut;  ]>t>iutd,  hut  in  ittUt^r  chb*^,  ua  with  guM,  plnttiiiiui 
inm,  »U?.,  are  reiuovcKl  from  thu  melting  poinU*  by  very  long  int^TVAhi 
lu  spit*",  however,  of  thene  CAUiie«  of  divergent,  tlip  »j>eciGc  Tulaines  of 
eertain  nnnlo^mu  eK<niinils  are  very  ne.irly  <^4piiLl  to  each  other :  viz.,  those 
of  selenium  and  Hulphtir  ;  of  chnnuium,  iron,  cobalt,  cjppi'r,  mani^auefi^Q^ 
and  nirkel ;  of  molybdenum  and  tuu^atoii ;  of  iridium,  platinum,  pallju 
diuin,  and  rhtMliiim  ;  and  of  gold  and  t<ilver. 

^ifrrifiv  !'«*/(»««(  »>/'  Stpiiijl  nml  Li'juui  ( Vini/»o«nJ*,— The  most  gtineral  n*Ia- 
tion  that  haa  been  ulicierved  Wtween  the  8pi.i;ifio  vulamos  of  solid  oom- 
ptuudri  is,  that  Uoiiuu-fifmus  cmjHutmi*  have  etfuai  gj}e4:{/ic  voiumts,  bl  other 
words,  that  their  densities  are  proportional  to  their  molecnlor  weig)it8  : 
such  is  the  vaHe,  for  exunipte,  with  th«  native  carbonates  of  strontium 
(atruutianiU.-)  and  uf  lead  (i;eruH>tit«^ ; 

Molecular  Si'cclflo 

weight.  grnvUy. 

147.  U  3.t>0 


m«^| 

la.  1 

I 


ForniuU. 

BrCO, 

rbco. 


2ti7 


6.47 


S]>«ciffe 

volume. 

41.U 

41.3 


If  the  crystallliie  forms  are  only  approximately  sironar,  the  speHflo  vol 
umes  also  are  (»nly  approximately  equal,  th*}  ditTfrimeo  toeing  le^s  ua  thi 
nnglea  of  the  two  crystalline  forma  are  more  Dearly  i_'<iual  and  their  ax 
more  nearly  in  the  same  ratir).     In  dimorphous  eonipound:^,  eacll  modiflc»- 
tion  Uaa  a  deneity,  and  therefore   a  S|Meilio  volume,  junmiiar  to  itself. 

The  hydralod  »alphatea  of  magneuium,  aino,  niekel,  cobalt,  ami  iron, 
which  have  the  general  formula,  M"Cs()^-f*  1il.,i)  (M"  denoting  a  bivalnnt 
mi'tnl :  aeo  next  page),  and  crystallizo  in  similar  formH,  have  specific  vol- 
umtm  very  nearly  eqnal  to  14tf ;  the  double  (tuliiliiites  ii^omorphous  with 
nitta«io-ctipriu  dulphat/?,  K,rii(H0^),4-  t>H,0,  have  Rperilic  volumi»s  rang- 
ing lM>tween  l!»b  and  2lt> ;  and  the  alnma,  e.  (/.,  KAl(t50|),  -f-  l^HaO,  have 
►  pr'idlli'  vohmu'S  ranpinj;  l»»_*twei>n  270  and  281. 

The  Hpeeitie  volumes  uf  liquid  compounda  have  lu'en  Rtudii^  chiefly  with 
Million  to  organic  compounds.  The  moHt  general  relation  ob«)erved  Is  that; 
itilt'rivni'r»  of  n/ffi'ifie  t'oiitmrs  are  in  numrrouM  insttiHt-rs  proportionai  tothr  (ii/frr- 
HMM  Itfftfr^n  0*9  nuTe.t/toniiinff  chemical  formuht .  Thus  liijnida  whOf*<»  formula 
itlltDr  by  "t'll,  differ  in  specifiu  volume  by  n  tim***  22;  for  example,  methyl 
(iiiinal*)  <'II,.('H''>/.  a»<1  ••Ihyl  bnlyrale  CjIIj.r^HjO,,  which  dilfer  by  4Cli^ 
li«v«*  siHH'lOu  volumea  dilfering  b>-  nearly  4  X  22. 

Atomicity  I    Quanttvalenee, 

r\i  that  the  ntomlo  wetgbt  of  on  element  is  In  some  oaaes 

juivfili-nl  weight,  in  others,  twice,  three  time^t,  four  time*, 

"  ■  iMjuivalent  weight ;  in  other  words,  an  atom  of  certain 

'  or  l»e  Hulwtitutod   for  only  one  atom  of  hydrt»pen, 

.  t  uiber  elements  can  replace  1,  2,  'A,  4,  etc.,  ntoma  of 

■  <  lion  livlJum  dissolves  lu  hydrochlorio  acid,  each  atom 

I    Hlom  of  hydrogen  ;  hut  when  Kino  diKHiilv**!!  in  tlto 

i»i4tui  ttt  aluo  taken  the  place  of  2  ait>m8  of  hydrogen :  thus 

ISA     +     IK'l     =     NaCI     +     H 
tw    +  ailCl    i«   ZnCl,    -I-    n, 

*    M  if  iln*^  la  equal  In  romhining,  or  satnrntlniDf* 
In  like  manner,  anlinjony  and  bismnllL 
,,    i..  -^ I't^^'lj.  I»  which  the  atom  of  the  metal  jwr- 
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forms  the  Bame  ohcmical  function  as  3  atoms  of  hydrofr<nt,  that  Is  to  My,  it 
•atur&C«!ti  3  atomfl  of  r)ilorin»  ;  ^oalito  tin  in  the  tt'trnrliloridvU  oquiviLlent 
tit  411,  Atxl  phuHphurus  in  the  |)«'ntachloridH,  Vi'i,,,  to  SH. 

Thitf  ilifftdirt^iict.'  uf  t'^uivtkU-iit,  t.-iiiiihiniii>:,  i^r  hntiirnltii^  jtowfr  \v  calltMl 

ti  an  t  i  V  a  I  (Ui  re    or    atomicity,  anJ  iit  flnmi<tiiiit'M  <ii<nnt(fi  hy  plaiMii^ 

ihefl  or  R<aiuLn  numorala  u>  the  right  of  the  &>*nibol  of  an  chnicut,  ami 

fat  thii  top,  aa  0^\  W\  C,  etc.  ;  and  the  several  elcmi*uta  arv  dcatguatvd 

Univalent  elumc^nts,  or  Monads,  a«  TT 
Bivah-nt  '*  l>va«lrt,     "  U" 

Trivttl.^nl  "  Tria^b.     «'  B'" 

UiiadrivttUmt     "  Tetradu,    "  C 

Quinquivaleut  **  IN-ntatlit,  *'  V^ 

Sexvalent  "  Ut^xads,    '*  W^ 

of  firftn  equirah'nry,  tIk.,  thn  dyadii,  t^tnulfl,  and  hexada,  are 
led  under  thu  general  turm  art i ads,*  and  thnfte  of  nnoron 
[niraienoy,  vix.,  the  monada,  triads,  and  peatadii,  are  dcsignatvd  gene- 
lly  AH  pertBHads.f 
Anothur  method  of  indicating  th«  equivalent  valnefl  of  the  elt*mentary 
iniit,  and  the  manner  in  whirli  thi*y  artt  satisItM  hy  oouibinaliun,  is  to 
'range  tU*?  aymlnds  In  diagrunis  in  which  «.*a(;h  tdcm'Tl  is  oonnf'ot<Ml  with 
[lirrs  by  a  niniitfer  of  linai,  or  omnt.>ctinK  huudh  oorrti^iKtnding  with  Its 
:ri-«^  of  »^(iiiiTalen<Ni ;  a  ntnnail  being  connected  with  other  el^neiit^  hy 
Illy  line  itin^h  btind,  a  triad  by  throes  a  hexad  hy  BiZ|  etc.,  as  in  the  fol- 
rin^  uxuiuples  :— 

Water,  H,0  .... 

Carbon  dloxido,  CO,     . 

Ammonium  chloride,  NH^Cl 


4 


I 


Bolphurio  oxide,  80, 


Sulphuric  acid,  n,SO^  . 


NitHo  acid.  HNO, 


Zixu  nitrate,  Zn^fi^ 


AfTW,  even. 


50* 


S34 
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It  muBt  be  (lUliiiclly  imdereUKKl  that  these  formula^^whirh  luvi  called 
pmpbic.  struct tiral,  or  oonatitntional   furuiulie — aro  uot  In- 
t^mdinl  to  reprusfnt  ttto  actual  arraiiguim'Ut  ut'  llu*  iiluuiH  in  ii  cumpouud  ; 
iiKltMjd,  tfvt'u  if  wo  lia<l  a  diHtliict  uoLinii  of  tin*  iitaniu-r  iu  which  thi*  ut^mta 
of  any  i-ompouud  aro  urraiij^ed.  it  ouuld  uut  \ni  adc-<iuatt^ly  ruprosiriitod 
a  plojiH  8urfaut>.     Ttiu  liutit  ^vunectiug  the  diU'eruiitnLimus  indicate  u<»thii 
moro  tliau  the  number  of  wuits  of  wjuivalirney  Ix^lnuging  to  tlu*  A»"VrPi 
Btoiua,  and  th«  manner  in  which  tliey  are  disposed  of  by  uombiuatiou  will 
tbose  of  other  ulouui.     ThuB,  the  furmula  fur  uitrie  anid  indicates  that  ti 
of  the  three  o<iii.<«titut'nt  oxygen  atoairi  are  combiUi-d  with   the  iiitrogiH 
alone,  and  are  coiwenuently  attached  to  that  element  by  btUh  their  uuil 
of  eqnivaleney,  whereas  the   third  oxygen  atom  ia  oombinod  both  wit 
nitrogen  and  with  hydrogen.* 

By  inape'L'lieju  of  the  preoeding  diagrams,  H  will  be  observe<L  that  evei 
atom  of  a  compotind  bori  each  of  ilii  units  of  equivalency' Bati:ided  by  coi 
bluation  with  a  uuit  Ikdongiug  to  some  other  atom,     tiuch,  indeed,  is  thaj 
oaee  in  every  iiaturate<l  or  nonnul  compound.    Accordingly,  it  Is  found  that 
in  all  fluch  cnnipouudd  the  »um  of  thu  ]H^rissad  eleruentH  is  always  an  ere] 
number.     Thus,  a  compound  may  contain  two,  four,  six,  etc.,  monad  alonuiJ 
as  CIH,  011^,  Cli,,  C'jllj,  CjHg,  HiHjCl ;  or  one  monad  and  one  triad  atom,| 
as  BCI, ;  or  one  pontwl  and  live  uionadB,  as  Nll^i.'l ;  but  never  an  unevoi 
number  of  peri^^od  atomn.     This  is  the  "  law  of  even  numbers/*  aunounci? 
some  yeara  ago  by  Uerbardt  and  Laurent  aa  a  result  of  obeervation.     It'^ 
waa  long  received  with  doubt,  but  has  now  been  confirmed  by  the  analyst 
of  HO  many  well-donneil  compounds,  that  a  departure  frum  it  is  looked  upunt] 
as  A  auro  indication  of  incorrect  onulyMiM. 

For  a  liiruilar  reason,  the  atoms  of  elementary  bodies  rarely  exist  in  th« 
free  statr',  but,  when  separated  from  any  compound,  tend  to  combine  with] 
other  atoms,  tuther  of  tli<>  same  or  of  some  otlier  element.     Perissad  eh 
nents,  liko  hydrogen,   chlorine,  nitrogen,  eto.,  separate  fmni  Iheij-  coiu-.J 
pounds  in  pairs  ;  their  molecule  cnntaiurt  two  atnnis,  e.  y-,  11 — H.     Artiadf 
elements  may  unite  in  gniupti  of  twu,  three,  i>r  mure;  IhuH,  the  muleenh 
of  oxygen,  iu'itrt  ordinary  atate,  probably  contains  two  atoms,  that  of  oxont 
tlireo  atoms  ;   thut^ — 


Oxygen 
Ozouu 


0=0 
0—0 

V 


▼arm  I 


'he  tendenry  of  Hemenlary  atoms  to  separato  in  groups  is  shown  ln.\ 
'  Hid  ways.     Thu.s,  when  copper   hydride,  Cu^Il,  (to  be  bcicafter  de-' 
loribed),  is  decimiputied  by  hydnx-hlorio  acid,  a  quantity  of  hydrogen  is 
given  iMT  ti^tial  lo  twice  that  whiuh  is  contained  in   the  hydride  itself; 
thm»^ 

Cnjl,  +  2UCI  =  CujCl,  +  2UH. 

Thia  action  U  precisely  aualogoua  to  that  of  hydrocblorio  add  on  enpronft] 
oxjde : 

Cn,0  +  2nCl  B  Cu,CI,  +  U,0. 

Tor  lecture  and  rlnsa  llluitrfttton.  noUd  tllitn-ain*  are  toniitnictefl,  with  woodeQ 
of  vitriouM  culors,  to  reprerteiit  the  atoms,  hnvlni;  hole**  fur  The  Initertlun  of 
fCtiuR  roiU;  tbcfcp  rcprPsentAtloDi  lire  cnlli'il  gljff^ic Jormui*.  Otijertlon  Is 
tttmcfl  mide  to  The  u^eof  fttoh  IMuiitrntinni>,  on  thf  i:r' ;i:>.l  lli^it  )l, 
Ihe  pupils  to  Imagine  thut  the  HTonid  formlnR  a  mci. 
uerted  lOKPther  br  m»itiTl*»l  bt>nil«  A*  wpll  mlpht  otijert, 
of  Alt  trtitlcinltrlnfip  til  tricliiiip  siHicrnphyinil  ^utronninv,  1- 
acquire  curloui  uotloDS  abuut  the  braxen  mertillaa  and  woodtn  hurlxuo. 


V  uilirht 

■       ^    ('OU- 

*      Mould 


Mould    ^1 
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In  tho  latter  cawe,  lUo  hjrdrogen  »;par&t4!d  from  the  fajdrofblork  »viti 
uuitoti  with  oxygen^  in  tho  t'orujpr  with  hydrogen.  AgAin,  wben  aotuliuiut 
»f  nul|>hiin>ii.H  aciti  aud  nulph/dric  arid  arc  miki^il,  tUu  ukulu  ul  the  sul- 
phur ift  precipitJLtcil : 

U^,  +  2II,S  =-  311,0  +  S.ri,, 

the  aotioQ  being  similar  tu  that  of  ftulphnroua  auid  on  Bolczihydrlo  acid : — 

U^,  +  2H^B  ■=  3H,0  4-  8.S<!,. 

In  the  on«  caaf*,  a  anlphide  of  srlcnium  i<*  pn^K^Jpitatiyl ;  in  theolh«r  a  aul- 
phidti  iif  iiulphar.  Thv  priMjipilation  of  iiMliiii\  which  tnkcfl  pUw«  im 
mixing  hvdriodic  ac-id  with  'umilv  acid,  afTordu  a  aiuular  Ixutanoo  of  the 
combination  of  boinr>g<?tniM>u^  atozoft: 

r>nr      4-      11  n>,     ^      3n,o      +      311. 

Hrdrlodic  acid.  loUlo  aol4.  Water.  Ync  Iwllua. 

Anothi^r  striking  ilUiAtrAtfon  of  thlfi  roodp  of  notion  is  afforflM  hy  therv- 
fiurlton  tif  certain  iiiiflnllio  oxidt<H  br  hydrt)^«'n  dtoxidf.  When  Kilvor 
oxidi*  id  tiirown  inlo  thi*  liquid,  wat^T  is  fiirnicd,  th.«  «ilv*ir  in  rwiuiri'd  to 
e  mi'laUie  state,  and  a  quantity  of  oxygen  u  urulvcd  equal  tu  twicv  that 
ia  oontained  in  tlie  silrer  oxide  :-— 


^^^ht*  mi 


Ag.O  +  n,0,  «  11,0  f  Ag,  -f  00. 

Farther,  elementary  hndi»«  frntiufiitly  rH  iipoTi  nthcra  aa  if  IhHr  alovns 
-«ro  aj»AciAt«*il  in   l>inary  gmups.     ThttH  t-htorine  nclin;!^  njmn  piifaHMfiim 
ido  fomut  two  oumpi>andd,  the  diloride  and  hvpoohlorito  of  potoaeiium 
(p.  laj); 

cm  -f  KKo  «  Ka  +  Kao. 

ain.  in  tbo  artinri  nf  oliluriue  upon  many  organio  compounds,  one  atom 
chlorine  removi'S  nnr»  at<im  of  hydrogen  ud  hydrtM-hlorin  at-id,  while  an- 

lit<r  atom  of  chloriuo  iaktfs  the  plaoo  of  tho  liydrogou   thua  rvmured. 

>r  exnmj>l<f,  in  the  formattuu  uf  chlurac«tio  acid  by  Ihu  actiun  uf  ubluriue 
aot:tic  arid  : — 


Adctlo  avid. 


4-  cia 


Ha 


c,n,cio, 

CbloraoollvAold. 


Bimilnrly.  when  metallic  salphidcs  oxidize  in  the  air.  both  the  meUl 
id  llie  «ulphur  i-ombiiitf  with  oxy;;<-'n  ;  and  Bulphur  acting  ujton  potash 
inna  iMtth  a  Hulpliidu  unci  a  thiosulphato.  In  all  tbeatj  ca^ea  the  alomii  of 
le  elementary  iHidieij  act  in  pairs. 

On  the  onpiMiaition  that  the  molecnlf**  of  elementary  iKtdiea  in  the  goae- 

19  slate  are  mwle  up  of  two  atouid,  the  HiKt-itlo  volumi->a  of  theae  ga8<« 

rill  come  uuiler  ihi;  (triuie  law  om  that  which  ap|dii*a  to  oompouuda  (p.  230)  : 

d  il  may  then  Us  (ttttte<l  gnnerally,  that,  witTi  the  few  exoeptiouA  alrf*aily 

Itlot.'d,  the  it^m'ilif  nravitiea  of  all  bv»iias.  timffie  ami  eompovnd,  in  ihr  ytiMcotu 

U»!,  tirr  mihuI  In  Imlf  thftr  ntotfriilar trriyhtn  ;  or  the  wjtfci/ic  r^ti^^mra  (tin*  quo- 

MitH  of  thn  molecular  welghtfi  by  the  HiH^eific  gravities)  arc  fijual  hi  2. 

There  are,  however,  two  elements,   namely,  plumpboruA  and  arsruic, 

rhieii  at  all  teni[H>ratarea  hitherto  attaiue<l  exliibit  a  vapiir-dennity  twicD 

great  »H  that  which  they  nhouhi  have  ae:*ording  to  tliy  general  law,  that 

ph'wphuruB  iH'ing  nlwavH  tl2,  and  that  of  Afftenic  ISO.     Thia  haa  Ikoen 

iplnined  l»y  snpiMising  tlinl  the  molivnle  itf  each  of  these  two  elementa 

the  frc4!  state  [^>ntain»i  fnnr  atnniH  inttteod  of  two,  nit  in  the  caxi?   with 

It  eUnnentary  bwlte:^  ;  thun  the  moleoulo   of    pho8]>horus  is  Btip^KMed 

repnweutod  by  the  formula, 

P P 

Ijl         Iff 

rrrrP 


I 
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VdiritUion  of  EqmwtUnry. — Miiltivalt^nt  fflnmeDts  ofU>n   «f>xbibit  TUT-ing 
degrees  of  ci|uivslt*noy.     TbuH  earUm,  which  is  qimdrivnk'Ut  in  tu&ra 
giw,  CH|,  Aud  in  L-arlN>n  iliuxiilt*,  ('<>],  i»  "uly  Utvali'iit  iii  c.irUtn  iiu>uuxi<l 
C'U  :  iiilritgvn,  wliic-h  isq^uiuqiiivalcnl  iii:tiiUiuuiu<ttiia<.-,  NII4CI,  antl  thi*oth 
aiitiuuuiiiiu  tialu,  aud  iu  uitruguu  pvutoxido,  N^O^,  u  IrivuU'iil  114  auuiioiii 
Pilli,  aiid  in  nitrogen  triuxide^  ^s^si  a^^  univAtuut  iu  nitrogtm  uii.)iiuxidi 
N,0;  sulphur,  aUu,  which  itt  Huxvak'nt  iu  sulphur  (rioxide,  S<.l^,  is  qu 
rivaleut  iu  8ul;ihur  dioxidts  SO,,  aud  liivalent  in  hydrt>gL-n  Bulphtdt*,  H 
Aud  ill  many  uifUilHc  HulphidoB.     In  tht^e  castas,  aud  iii  uthrra  nf  varyi 
otjuiraloury,  the  varialioa  mustly  takvti  placii  by  twu  uuits  of  vquivaU'lh-jr; 
It  u  Ufit  V(<ry  i;n.sy  Ui  uroounL  for  thuso  variatioiw  ;  but  it  is  oljR4-rvi>il  in 
oBsefl  that  the  compounds  in  which  the  equivftlt-uoy  of  a  polygt-nic  t>louu<n 
is  moiit  completely  Hatinfleil  aru  more  atablo  than  the  otli^rv,  and  that  tbi 
lattor  tend  to  pa.ia  into  the  fonuor  by  taking  up  the  required  numlier  of 
univalent  or  bivalent  atoms  ;  thua,  carbon  monoxide,  CO,  easily  takti^  up 
another  atom  of  oxygen  to  funn  the  dioxide,  CO,;  nitronen  trioxide,  Ny*\^H 
it*  roaflily  conver.t<xi  into   tho   peutoxide,   N,05 ;    ammonia,  Nli„   unitcS^H 
readily  with  hydrochloric  acid  to  form  sul-anuuoniac,  NII,C1,  etc.     tflmilftf^^ 
phenommn  .iro  vxhibitod  by  many  orgauo-mrtalUc  bodies,  an  will  hv  ex- 
pLained  further  on. 

From  this  it  nemus  most  jjpjbabb'  tliat  the  true  quantivalcnrc  or  ntomidty 
of  A  polygmio  idfm<>nt  tit  that  which  cnrrfAponds  with  thtt  maximiini  num* 
bor  of  mnnad  atoiuit  with  which  it  can  oumbine,  but  tliat  one  or  iwo  puii 
of  itH  uuita  of  *M]uivaluiK'y  may,  under  certain  cirruuiNtauuftt,  remxiu  ui 
RAttirat<Hl.     WhethiT a  saturated  or  an  uuRaturati'*!  ivtmimnnd  is  fornioi 
will  dtqnmd  on  a  variety  of  conditions,  often  in  pri-at  wratturo  on  the 
liitivo  quautitieH  of  thtt  aetin^  sulietxuices.     Thus  phdsphorus,  which  is 
pouta<l  element,  forms  with  chlorine  cither  n  trk-hloride,  I'Cl,.,,  or  a  pout 
chloride,  PCl^,  acconllng  od  the  plumpliorua  or  the  chlorine  is  iu  vxut 
(p.  ai9).» 

In  oomponnda  containing  two  or  moro  atoms  of  tbe  Bamo  multiralont 
eU*mt«nt,  one  or  more  unitu  of  equivalence  belonging  to  each  of  thcae  ntuma 
may  Ix*  neutralizwl  by  combination  with  tlnwe  of  another  atom  of  theanma 
kind,  ao  that  the  element  In  question  will  appear  to  enter  into  the  c<ohh^h 
pound  with  Iras  than  itH  normal  deKf'e  nf  equivab^nce.     ThnR  In  ethan^^H 
or  dimethyl,  <^',Hj,  whirh  ia  a  i>erfectly  Btuble  compound,  having  no  tend^^ 
ency  to  take  u|i  an  additional  numUT  of  atoms  of  hydrogen  or  any  other 
clement,  the  carbon  appears  to  b#»  trivab.-nt  iiifltea/l  of  quadrivalent  ;  Himi- 
larly  in  propane,  GjHs,  its  equivalence  apiwars  to  he  redaced  to  | ;  and  iu 
quartane  or  diethyl.  i',n,B»  to  |.     In  all  these  cases,  however,  the  diminu- 
tion of  (H^uivalent  value  in  the  carbou  atoma  ifl  only  apjtarent,  an  way  be 
Btitfii  in  the  following  tormulK  :— 

PropKne. 

n 

n— ('— II 


Ethane. 
U 


hJ 


H 


Quartaae. 
H 
1 


II_C_H 


H- 


n— o— H 


H— r— u 

H— C— H 

or.  more  ahortly,  omitting  the  equivalont  marks  »f  Iho  wouad  atoms  :— 
•  St^Hho  Erienmeyer,  Lchrh 


a. 
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BtkAoe. 


Propane. 


QimrUaa. 
CH. 

CH, 
CH, 


e*oh  of  these  oompoundit,  erery  twrboD  atom,  exi^pt  the  two  outside 

lea,  hjui  two  uf  iL6  auiih  uf  (HjuivuK-nc«?  rijkti^fli?d  hy  wmljiDaliuii  with  those 

lUu  uoighUiriug  uarb*>n  atoms,  while  t-ach  of  the  two  vxteriur  one«  hftf 

one  unit  thuu  «atisli«*iL    Uuiict?,  iu  any  simUarl/  cviiRlitulrtl  coiujM>uiKi 

liu^  n  carbon  atonu,  the  uumUr  of  uniu  of  't^uivalent'u  rrmainin^ 

wm  tatmtieti  by  the  hydrogt-n  atom  is  4tt — 2(.fi — 2) — •,U=U«-4-2,    Tht  ^jmu- 

formuU  of  this  sent*  ot  hydrwarboiia  is,  thcruforo,  C«112n-f  2  &ud  the 

laivolcut  value  of  the  carbou  h  "^"^    . 

H 

In  other  cases,  mnltiralent  atoms  may  be  united  by  two  or  mori*  of  Iheir 

nils  of  eqnivaleocts  ho  that  their  conibiuing  powtr  may  a|i|>car  to  be  still 

\rlher  roduwHi,  as  iu  the  hyanxarbon,  C  H^,  ,n  whirh  the  carbou  may 

&p|;karrntly  bivaleut,  and  in  L\\i^,  in  which  it  may  appear  to  bo  uui- 

leutj  thiu — 

H-C— H  c—n 


B— c— n 


C— U. 


moflt  casuB,  th«  eqnlvalent  raliie  or  atomicity  of  an  element  is  most 

;ly  determined   hy  thti   iiiiiiilwr  of  lucmml  Htmim  with   which    it  can 

ibine.     Of  flyod   ntoin^,  indi-i-d,   any    I'li-nicnt  or  rniniHtnnd   may  take 

an  indcfiuite  number,  wittinot  alteration  of  its  quaniivnli'nre  or  r-ou- 

tini;  jMiwer;  for  irach  dyail   ntoui,  ixittwi^xiiig  twn  uuiltt  tif  *.H)iiivAleiicy, 

!UtraLi2>-s  one  unit  in  the  (!oiu{hiuiii1  wliich   it   c-ntfrK,  and   intrtNluct-ji 

lother,  leaving,  tlierefore,  the  oombiiiinfi;  power  of  th*«  tK>ni]Htuiid  Ju0t 

rhat  it  was  t>i*fnn».     Thus*  pntusttium  fornix  only  ont^  clilorid**,  Kt'l,  and  is 

iwrofon'  nnirah>nt  or  monmlic ;  but  ii»  Addition  to  tbr  oxidi',  Kjf>,  ct>rrL»- 

uiding  with  this  cldoride,  it  likewit^e  forms  two  otlicrfl,  vis.,  K,0,  and 

I,,  iu   the  fnrmer  of  whii-U  it  might  U>  rt-gardLMl  as  dyAdic.  and  in   the 

ter  M  t<'tra4lie:  but  the  mannrr  in  which  dyad  oxygen  entent  tiKijocAtm- 

Liuda  in  uaaily  aih<u  by  iuflpectiou  of  the  following  diagrams  :— 


Monoid  Ide, 


DtoxMe, 
O— K 

u 


Tetroxlite. 
O— K 


L 


K, 

Tl  U  eridfnt  that  any  nnrolM«r  of  or^'gen -atoms  might,  In  Hkf  manner, 
}v  iiiMMrtixt  without  .li-'"--!. :...-' tht*  bnlantv  'if  equivalency.  If,  indeeil, 
•vfo  turn  to  the  flulplii  ^<iiuni,  in  wliich  the  snlphnr  is  dyadie, 

oxygf»n,  we  And  tli  iv,H.  K^H„  K,S„  IC,S„  KjS,„  the  c*>nstiiatlon 

which  nuiy  be  repre*(»mted  in  a  prwisoly  similar  mann**r.     Hrnr<>  the 
ianltvah'nt»  of  any  rh-mcnt  i«,  for  the  moat  part,  l>eBt  det<'rminod  by 
c*'»m|f ^itinn  of  its  t'lilnrid<**>,  bronii<i<*s,   ii»<iid<*it,  or  ttnotViV*,  t',\VV^>t 
by  thai  o(  its  oxidce  or  aulphidea.     In  some  oiiAot^,  howu^et,  uft  ^i 


SS8 
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be  sf^n  further  on,  the  corabi nations  of  au  ctumcnt  with  oxygen  ofTord  tU« 
beat  U1MUU8  of  iluteruihiint;  itH  quaiiiir&lttuco  ur  uumbiuing  uapucitjr 


I 


Compound  RadioleB.  —  Supiiudo  uiiu  or  more  uf  tlio  (;i.>iiiix>iu>nt  atu 
of  A  fully  MuluriiUfiL  luiilecultf  to  im  r«iuovMi :  it  is  cloar  that  tho  rfuiaini 
atom  nr  group  of  atonic  will  uo  longur  iK-  suturatod,  but  will  havu  a  c 
bluing  power  oorroHpoudiug  with  liiu  uiuutwr  of  units  of  equivalvucy  r^ 
moved.     Such  uiuaturatud  gruupH  are  cuUed   reaiduus    or    radicles 
M«tbaui3,  CU^i  ia  a  fully  baiuraitMl  cximpound ;  but  if  one  of  ita  hydrog 
atvnui   )h)  romuvod,  tbu  rebidtiu  CU,  (t-alltni   methyl)  wilt  ho  ruad,T 
cx>mbino  with  one  atom  r>f  a  univalimt  element,  such  as  chlorine,  bromi 
otc,  forming  the  couii«jumia  CU^C.'l,  CU,lir,  etc.  ;  two  atuuiH  of  it  unite 
like  manuer  with  one  atom  uf  oxygen,  sulphur,  and  other  bivalent 
nienia,  formiut;  the  compouniU  O^'CCU,),,  t3"(Cllj),,  «tc. ;    tUruti  aioma 
with  nitrogen,  yiitlding  >''"(*-'ll3)j,  eU;. 

The  removal  of  two  hydnigi'ii-utoms  from  CIIi  leavett  the  bivalent  radi 
CElj,  called  methuuo,  which  yields  the  oomi>ouuda  i^HfClj,  Cll^O,  CU 
etc.  The  removal  of  three  hydnigen-atoma  from  Cli^  leaves  the  Irival 
radicle  CH,  which,  in  combination  with  three  chlnrin<vutnuu>,  conAtitu 
chlorofonu,  ClIClj.  And,  Hn.-illy,  the  removal  of  all  four  hydrogen-alo 
fmm  Clij  leaves  the  quadrivalent  radicle  car  bun ,  C",  capablo  of  forming 
the  compounds  CCl^,  L't^j,  etc. 

In  like  manner,  miummia^  ^'H,,  in  which  the  nitrogen  Is  trivalontf 
yields,  by  removal  of  ono  liydrugen-atom,  the  univalent  radiule  ami* 
dogou,  NHj,  which  with  one  atom  of  pota^tsium  formit  potaMamiue, 
N11,K,  and  when  combtnod  with  one  atom  of  the  univalent  radicle  methyl, 
CMj,  forma  methylaniinp,  NHjCCHj),  etc.  The  abtntraetion  of  two  hydro- 
gen-atotu»  from  tho  rnnlecnle  NH,,  Inavi*  tho bivalent  radielo  imidogen, 
KH,  which  with  twci  methyl-atoms  forms  dinietliylamine,  NHCCH,),,  etc.  ; 
ami  the  removal  of  all  three  hydro^en-atnniH  from  NII^,  loa%'e8  nitrogen 
itself,  whii-'h  fre<iuonlly  acts  as  a  trivalent  ehmu  iit  or  radicle,  forming  tri- 
potasitamine,  NK,,  trimelhylamino,  NCt'II,),,  etc. 

Finally,  the  ninlei;ule  of  trrttrr.  Oil,,  by  lofting  an  atom  of  hydrogen,  is 
convertofl  into  the  univalent  radiole  hydroxyl,  OH,  which,  in  its  rela- 
tione to  other  bodies,  in  analogous  to  chloriiie/bromine,  and  iixliuo,  and 
mij  be  sulMtituted  in  combination  for  one  atom  of  hydrogen  or  other 
monads.  Thus,  water  itself  ma^*  be  regarded  aa  H.OII.  nnalugouH  to  hy- 
drophloria  arid,  lU'l  ;  potassinm  hydroxide  a»  K.Oll,  aualogouiit  to  yA 
aiiim  chloride;  barium  hvdroxide  as  Ba".(011),,  analogons  to  bari 
chloride,  Ua'Tl,. 

In  a  similar  manner,  the  nnivalt  ut  railirle,  potassoxyl,  KD,  may  be 
derived  from  potatiaiura  hydroxide;  the  bivalent  radicle,  sineoxyl, 
Znt»„  by  alwtrnction  of  IJ,  from  line  hydroxide,  Zn"H,0-.  Tlie  essential 
characUtr  of  theee  oxygf-natcl  radioles  Is  that  paoh  of  the  oxygen-atouu 
oontaiued  in  them  U  unit>*d  to  tlio  other  atoum  by  one  unit  of  equivalency 
only,  so  Uial  the  ratliuln  has  necesHarily  one  or  two  units  uuuouuected 
ihu»— 

Ilydroxyl IT — 0 — 

PutaftHoxyl  .....  K — ( f— 

Ziuo[;xyl      ....         — 0— Zn — 0 — 


re- 
es. 

i 


From  the  preceding'  explanations  of  the  mode  of  derivation  of  (wmpnnnd 
r&dieles,  it  ih  clear  that  there  in  no  limit  to  tbs  number  of  thi^m  which 
may  l»e  suppose*!  to  exist ;  in  fiu-t,  it  irt  otdy  ne^'W'ssary  tf'  m  pjMwe  n  num- 
ber of  units  of  equivalency  alwlracted  from  any  snturatiHl  molecule,  in 
order  to  obtain  a  radicle  of  oorresj>onding  ivtuibitang  powrr  or  cqnirab'n 
TJiltie*    But  unless  a  radicle  con  bo  supposed  to  enter  into  aconsideraU 


«Ai 
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nnmbtiir  of  componnda,  tliUB  forming  Uiem  tnlo  a  group,  Uke  the  salla  of 
tho  tt-imw  uuUi,  th.-re  U  uotUiug  ^'iuuvkI  Ui  poiiit  uf  i*mii»lieit/  or  uoiupru- 
heuaivoaett^  bjr  aAdUiuiu^  iU  exiAltnc*.'- 

Il  xuudC  also  hv  diuliuclly  uiiiivrattuxl  that  thfso  comjKitiud  ratliclca  do 
not  iitH'*'Mft!U-ily  e»i:it  in  the  Bepnrat*'  stain,  luul  lUat  Hkwo  of  uupvru 
ttiaivah'imy,  liko  intthyl.  cannot  exist  in  Ih.il  hHiiv,  their  luultH-'ulvs,  if 
liln-rAUxI  frum  wmlniiatiou  with  others,  ulwtiyu  doubliug  ttietiiHtlvra,  «« 
we  hAVf  si't-n  tn  ho  th»*  cane  with  Ditwt  of  the  oleiuoulary  b*Hliwi.  Thus 
hydmxyl  — (» — H  is  not  knowu  in  Lha  fn-u  »tntf,  the  actunlly  wxihtinK 
comixni'nd  ituitriiiiiiiK  lUe  same  pro|>ortinii9  of  hydn-geu  and  oxygt-it  U-ing 
Ojllj  nr  n — (U-i) — n.  In  Uku  manner,  methyl,  C'U„,  has  uo  ttL>puratu  iix- 
wl«iic«,  but  Uimothyl,  CjU^  U  a  knowu  ooiupouud  : — 


I 


Metvyl. 


l»lmelhyl. 
L'H, 


Rolatioua  between  Atomic  'W^eigbt  and  Qnantivalenoe.  —  A 
▼ery  rom;Lrka1)lt!>  relation  )im  het.-n  tihi^wn  M  fxittt  between  the  quantivo- 
lence  of  the  elviuents  and  the  uuiufrirul  order  of  their  atomic  weij^hta. 
Arran^fiii;;  th<!i  LtbMiwntt  ia  vi-rtjeai  t^iliiuniit  nciording  to  lliis  order,  lut  in 
the  followin^jt  lAble,  we  Ihid  Oiftt,  with  tlie  exceptiou  uf  certain  uielnU  Ihj- 
lou};iiig  to  tlie  iron  ancl  platinum  ^rnu{i!<i,  thiry  all  arrange  thcuuelvitt  in 
sucK  a  manner,  that  the  lint  hnrixontal  lino  \»  oci'upie<l  by  the  munud 
ubjmenla,  tho  second  by  the  dyadi),  the  third  by  Xha  triads,  etc..  ait  indi- 
catiHl  by  the  compottition  uf  the  chloridus  in  the  laxt  vuiumn  of  the  table, 
where  k  d«'not«a  a  metal  or  hydro^'en.  Ilydmt-en  itjjelf  »landH  alono,  there 
bi.>ing  no  known  elumont  intermediate  U-tween  it  and  the  utimail  mi'tol 
lithium.  ThiA  relation  of  the  elementary  IhnUl*!*,  whieh  M  called  the 
•'|h?rio.iiu  law,"  wan  first  jxunted  out  by  Ncwlandu  in  1804,  aud  oftor- 
winit  developed  by  (idling  and  MeudelejeO'. 

Arranffematl  nf  ^ementa  in  the  order  of  iheir  Atomic  WeiyHtM. 


1             !                          I'll 
B  t  LI   T     Nit33    K      30  Cu    08  Rb    86  Ag  lOfl  Cs   \x\      ..       An  1W 
Befl.lMit'il    (_!•     40 /.n    tA  Sr      STCdllJ   Ui  1*17                lU  1«0 

ROl 

. 

hcu 

B    11    lAI  'it                 »>i    MY       f^H  In  113   1*1    138  Pn>  I7B  Tl    iNl 

.    iiifii. 

U    U    \Si    38    Tl     48                y.r     MSii  118   Ce  140  hi  IM)  Pli  'A7  TIi 

ni:K<*l, 

V    U     P     31     V       51  An     TB  Nil    MSbl.ai      ..        Ti»  l«:i  111   Simi 

.       1  liOlj 

O    10     S      a-i    tlr     frJSfl     TBAIo    96;Tc  1261                 W    194 

..      V 

2401 IUM4 

V    19     riio6Mn   W  Br     ^'j      ..      |[      127 

.      IlK.M, 

iFe    M 

Ru  .Ml       ..           ..      lOa   I9» 

Co    M      .. 

nil  iM     .. 

..      Ir    W 

Nl    M      .. 

pa  100     .. 

Ft  iM 

Ou    »S      .. 

of  the  f'leineuttt  In  the  first  r<^fw,  lithium,  sodium,  potaHNium,  n^hidinm, 
silver,  aud  cic«ium  are  kdiown  to  be  mciuadie  or  univalent,  by  their  combi- 

nationa  with  cMurine  ami  oxyg**n,  0.^.,  NaCI  and  j^  ^O.     Copper  may  In* 

roi^ardwl  a^  univalent  in  one  serieg  of  its  com]H>und!t,  vi/.,  tlie  cuprouii 
MHupoundtt,  ftfl  in  the  chloride  TuCn  and  the  oxide  Cii/),  Mmii^h  in  ilfl 
m'><t  stabb;  componiidB  il  18  bivalent,  and  app<.'arH  to  !»■_»  mitre  nearly  roltti«Hi 
to  th»'  mi^taU  of  tbe  iri»n  pronp.  The  plaec  of  gold  in  the  M-rir-*  in  mune- 
wbat  exreptional,  since,  tliongh  univalent  in  the  niirocm  i-onifMmmht,  aa 
AuCl,  il  u  triralunt  iu  the  moru  viable  auriu  uompouudu,  aa  AuC'l,. 


rftt 
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Tlio  elemenU  in  the  second  row  are  all  dyads,  with  th*«  excrptioiit  p<?r- 
hnpH,  of  berytliiim,  which  has  ikmiu  aimtngit^it  to  the  iriaiiki. 

Of  the  I'lfDii'tiU  in  the  third  ruw,  boron,  ^alltuui,  indliiui.  and  thallium 
art*  undatihtodlv   triadti.     Aliiuiiuiuiu  furuis  a  trichloride,  AKU,,    and  » 


lu^^ 


the  vfijMrr-di'niiity  uf  which  iiidicatw  that  llie  njolecule,  a>t  ri'|ire»c>nt«.-d 
this  formula,  ha*  the  mirnial  2-voliimo  ixtndenRation  (p.  2IUi).     It  is  tri 
that  the  L'hlori<lo,  whioh  Is  aUn  volatiK^  pxhihits  a  vaiMtr-d^nsity  a^Twii 
rather  with   thu  duublud  furiuula,  Al^Cl^,  which  would  iiiiiii'-att*  that  alu' 

All-1, 
miuiam  is  a  tvtrad,  the  uhloride  liaving  the  oonatitutiou    |         ;    but  this 

AlCl, 
chloride  boils  at  a  rory  high  temperatnre,  and  it  fe  therefore  prohabl<*  tliat 
the  t^rap«rfttur«  at  which  its  vapurnleutiity  was  actually  takon  was  not 
Buffidontly  rai.>lt^d  aImivc  tho  boiling  point  to  bring  Iho  coixipoumt  inlif  tho 
Btate  of  a  perfect  g(w  (p.  2H0). 

Yttrium,  tlidjtmintu.  and  erbium  ar«  nHunlly  regarded  a»  dyads ;  indi^ 
their  atomic  weights,  an  dL'termined  by  expfrimeut,  are  not  those  giv«u  iu 
thu  preceding  table.  MenilelejefT,  huM'cver,  from  »*rtain  oonatdurutlona 
wliiiih  will  l>e  nutiii'jl  liereafter,  prrijMmeH  to  ri>^'ard  Ihent  im  triailit,  aiiil  to 
alter  their  atomic  wejghta  acoonliiigly.  The  matter  i^,  for  the  priwati  Jfl 
altogether  doubtful,  though  p«)rhap!i,  on  thu  whole,  tho  balance  i;ff  arga<w^^ 
ment  is  agalnBt  MeDdeltjelTs  t;ugg<stion. 

The   elements  in  the  fourth  ruw  are  nudouhtedly  tetradie,  with  th« 
exception  of  lanthanum,  wliieh  i^  more  generally  regardeil  an  a  dyad. 

Of  the  elL'iuonls  in  the  llfth  row,  phrwphoru.^.  antimony,  niobium,  and 
tantalum  form  penlachloriileM.  Nitrogen  i»  quinquivalent  in  llie  ammo- 
nium oompoundK,  a^  in  the  chloride  Nrl^CI.  Vanmlinui,  arseuii;,  and  bis- 
muth do  not  combine  with  more  than  3  atom»  of  chiurine,  bruuiiue,  or 
iudine ;  but  bismuth  funus  an  oxycbbiride,  BiOClj  or  0:=Bit'lj,  in  wbio 
it  iM  qninijuivalent,  and  vanadium  firms  the  analogous  uumpound,  VOCI 
ArHcniL'  does  not  form  a  similar  ox^'i-bbiridtt ;  Imt  itH  hlglo^hl  oxide,  Aa,t.lfy^ 
ie  the  exaut  analogue  of  pliosplioriu  oxide,  I^s^'a.  iLud  vanailic  oxide,  Vgl)| 
and  furmtt  a  fierii^tt  of  ealtd,  thu  arttenateM,  whieli  are  iMouiorphouH  nil 
the  pboii|ihateH  and  vauadatt^fl.  Eur  thette  reoauuti,  artsenic  is  likewise 
gurded  a^i  a  puntail. 

Auiuug  the  eleuu-nbit  in  the  sixth  row,  i;hromium  fortnH  a  hexflnoridu  and 
tnng3t«u  a  hexchlortde  ;  uranium  funus  an  oxycbloride,  i:o,Cl„  and  a  tri- 
(txide,  L*0|.     Sulphur,  Beleuium,  and    tellurium,  so  far  an  regarUa   llmir 
hydrogen  comp<iunds,  II^S,  eto.,  ari*  dyads  ;  but,  w  ith  regard  to  their  wmi- 
binatiuiis  with  chlorine,  they  are  teiradn,  and  sulphur  is  known  to  torm. 
certain  organic  c^imiKiumbi  in  which  it  i^  tetrft<lic,  and  others  in  which  it 
is  liexadic*     Alnreijver,  the  chiMuicul  relutious  of  the  sulphates  are  uiuctti 
more  clearly  represented   by  form u lie  in  whieh  sulphur  ii  sui>[HiMetl  to 
bexa'lio,  like  that  given  for  sulphuric  aci<l  on  p.  233,  than  by  toiumlw  in 
which  it  enters  as  a  dyad,  auch  bm  H — <> — O — ti — (J — (J — 11,  inH!<niuch  aa 
comjnmnds  in  which  dyadic  elementa  are  linktfd  together  in  one  row,  are, 
for  the  moat  part,  very  un^ttable,  like  the  higher  oxides  and  sulphiiles  o^H 
]}otat>sium   (p.  :^7).     These  three  elemerita  are   therefore  ttest  regarde4^| 
as  hexads,  though  they  aouetiines  enter  into  combination  as  tetrads,  and^^ 
very  frequently  as  dyada. 

Oxygen,  iu  its  combinations  with  hydrogen,  and  with  most  of  the  metal 
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tled}y  ftcta  M  A  djAd  ;  bnt  U  appt^ani  &1bo  to  ho  capabln  of  hif^h^r 
of  oombiimtmu  ;  with  silver,  for  exaiu|ilH,  it  foniut  lhi»  t»fo  oxidwj, 
and  AK4O,  in  the  Inttnr  of  which  it  in  t'^tradir;  iind,  from  its  c\a%t^ 
kftiogi«s  to  Kulphur,  and  1)10  placw  of  its  atomic  weight  in  tlio  avrios,  It 
If  b9  o\M»i*it\  with  ihe  hexAdit. 

tlie  <>lem»*ntA  in  the  SfVculh  row,  numRanrdt*  np|»<Ar8  to  form  a  hrp- 
iloride,  MnV'1.,  though  the  oompofiitioii  of  ttiiti  ohloriil<<  Una  not  p4>rha|>s 
very  djstinrti/ made  out ;  but  in  the  pornianganatofi  thn  mt-tal  ap- 
Lrs  to  be  dccidodl/  hoptadic  ;  the  pntnft^ium  salt,  KMnO^,  for  uxamplo, 
be  rvprewjutod  by  the  structural  formula  : 

0 

II 
O^Ma— 0— K 


le  perchlorat«6|  «.  ff.,  KCIO^,  art*  similar  to  the  pormanganalos  In  compo- 

ou  and  in  er/Atalliuc   form,  and  mav  th^rofuro  Ih*  .HUpjM*9t--d  to  have  a 

Lilar  constitution,  thi;  rhlorinfn  in  ilivm  lH>ing  (^i^ptivaleiit ;  in  fact,  Ih^ 

(•x,v-arid»  of  chloriut}  form  a  regular  emw*  in  which  tlic  qaantivalcnoe 

le  ohlorine  varit*«  by  two  unites  from  1  to  7  ;  thus — 


C!— 0— H 


Hypochloroiia. 


0 

II 
0=C1— 0— H       o^ci— a— H 


Chlorous. 


Oblorio. 


Orrci— o— n 

II 
I) 
Perchloric. 


Ibly 


Iodic  add,  U>,H,  and  p«?riotHo  acid,  lO^II,  aro  exaolly  ximilar  in  oonutl- 
itioM  lo  ohlorio  and  ptrchlorio  ncidis,  and  the  corn'sponding  oxidfs  or 
ihydridcit  I^Oj^  IjO^aru  likt'WiKe  known  (p.  187):  honro,  indin'tals'i  may 
r.^gard^.•d  oa  a  hi-ptad.  Bromic  acid,  HrOjU,  is  similar  to  chlnrir  acid, 
pvrhnimiti  arid  has  not  yol  bo<*n  obtained  ;  and  of  (luoriu<?  no  oxygen- 
ipouiid  iM  known  ;  but  frurn  the  cIobo  analogy  in  tbti  n-urtiinivi  of  tlit'fle 
»r  elements*,  L'l,  Ur,  I,  and  K,  and  the  manmr  in  whirh  they  repU^*e  one 
ler  in  oouhinalion,  thoro  can  bo  no  doubt  that  thoy  lielong  to  the 
group.  In  their  combinatiouit  with  brdn>gen,  and  in  the  reactions 
Ich  they  replato  hydrogen  and  one  another  in  couiMnntion,  ihity  i»- 
act  n»  monadif,  the  Hut<6titution  taking  place  atom  for  atom. 
with  regard  to  the  elements  (nil  metallic)  whieh  cannot  be  In- 
'cithtrr  of  tho  Rpven  hnrizonlal  K'Tich  alhivp  ronni'liTcd.  The 
IghtB  of  I hr** of  these  metah,  viz.,  iron,  i-olmlt,  and  nickel,  lmv« 
hi'tween  lhn*»o  of  manguih-ftt*  and  f-oppcr  ;  nnd  of  the  other  kIx, 
ill»4«l  platinum  metal*,  tlirre.  vix.,  ruthenium,  rlio^llnm,  and  palla-' 
lum,  have  atomio  wvight*  intermc<liato  ln'twoeu  those  of  molyhdfuuni 
10)  and  silver  (108)  ;  ami  Ihe  other  three,  rix.,  rwmium.  iridium,  and 
latinum,  are  iu  lik«  manner  intermediate  between  tangntcn  (1&4)  and 
dd  (HHI). 

Theec  intermediate  elerarnlfi,  Fe,  Co,  NI,  Rn,  Rh,  Pd,  Os,  Ir,  PL,  mnstl- 
tnte  a  group  of  thomwlves  Oho  eighth),  Komu  of  the  memlwTH  of  which, 
Ru  and  0«,  form  tetroxiden  (anah^ouB  to  octwhluriili-n),  and    may 
lere-fore  be  regarded  an  oetwiH.     Nont*  of  thein,  however,  foi-ni  cliloridefl 
mtaining  mor<*  than  4  atomx  of  rhlorinti  (none  atom  of  mflal. 
The  blank  spaeua  in  the  precvding  tnbh'  indimlc  thi*  plaers  of  pb-mentR 
proliably  exist,  but  hate  mtt  yet  lM'i«n  aetnally  diswrered.     An  an- 
ipati^d   dUcoTery  of  thi^   Wind  has,  howev«r,   been  aclaallr  realii 
21 
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When  the  table  was  drawn  up,  a  blank  In  tlii.<  plAO«  now  oooapM  lijfill- 
linm  indicattxl  the  prolmblv  existeuce  of  a  triTaletit  ok^tnent  int«fmi«dlate 
in  atotnin  weight  tH'twi^m  zinc  nnd  ar»t>iito.  Thi»  f'lfnii'nt  was  provision- 
ally designattMl  ehtiuminium  by  Mend«i)f*j<>lC.  who  predict**d,  frum  its  position 
in  the  st-riea,  wliat  ita  chief  properties  ouj^ht  to  be.  The  discover/ 
galliom,  with  iho  atomlo  weight  US,  has  voriHed  this  prediction. 


CRTSTAtLIKATIOH  ;    CBYBTALUVB  FORM. 


Almoftt  every  8uhflt.ince,  simple  or  compound,  capable  of  existing  in  I 
solid  state,  assumes,  under  favoralde  circunistaDceti,  a  distinct  geometrical 
figure,  uaually  bounded  by  plane  Burfaces,  and  having  angles  of  conKtant 
value.  The  facnlty  of  erystallizaUon  aeems  to  be  denied  only  to  a  few 
bodies,  oliietly  highly  complex  organio  principles,  which  stand,  as  it  wvre, 
upon  the  very  verge  of  organisation,  and  which,  when  in  Ihe  solid  state, 
are  frequently  characterized  by  a  kind  of  beady  or  globular  appearance, 
Weil  known  to  microscopical  observers. 

TUo  most  bi>autiful  L-xamples  of  crystallization  are  to  be  found  among 
natural  mineraU,  thtt  rtwuUs  of  exceedingly  hIow  changes  coiistantly  or- 
earring  within  the  earth.  It  is  invariabty  found  that  artiflctnl  crystals  of 
salts,  and  other  soluble  substances  which  have  been  sluwly  and  quietly 
deposited,  surpass  in  size  aud  regularity  tliose  of  mure  rapid  formatiun. 

Solntion  in  water  or  some  other  liquid  ia  a  very  frequent  method  of  ef- 
fecting oryBtnllizatiou.  If  tlte  substance  be  more  Holuble  at  a  high  than 
at  A  low  temperature,  then  a  hot  aud  saturated  solution  left  to  cixil  hUiu  iy 
will  gunerally  be  found  to  furnish  crystals  :  this  is  a  very  i»>nimon  cajio 
with  salts  and  various  organic  prineijjlta.  If  it  be  equally  soluble,  or 
nearly  so,  at  all  temperatures,  then  slow  8i»ontaneous  evaiK>ration  in  the 
air,  or  over  a  surface  of  oil  of  vitriol,  often  provi-a  very  efftjctive. 

Fusion  and  sluw  cooling  may  be  uiuployod  iu  many  cases  ;  that  of  sulphur 
is  a  good  example  :  the  metals,  when  thus  treated,  usually  afford  traces  of 
crystalline  ligure,  which  sometimes  become  very  beautiful  and  distinct,  as 
with  bismuth.  A  third  condition  under  whieh  nr>-fitah  very  oftf?n  form  is 
in  passing  from  the  gaseous  to  the  solid  state,  of  which  iwline  affords  a  good 
instance.  When  by  any  of  these  means  time  is  allowed  for  the  aymuM' 
trical  arrangement  of  the  particles  of  matter  at  the  moment  of  solidified* 
tion,  crystals  are  produced. 

That  crystals  owe  their  fignre  to  a  certain  regularity  of  internal  struc- 
ture is  shown  Imth  by  their  mode  of  formation  and  also  by  the  peculiari- 
ties atttmding  their  fracture.  A  crystal  placetl  in  a  slowly  evaporating 
saturat«d  solution  of  the  same  substance,  grows  or  incjeast'S  by  a  eontinued 
dcp^»sttion  of  fri-sh  matter  upon  its  sides,  in  such  a  manner  thai  the  angles 
fnnued  by  the  meeting  of  Ihe  latter  remain  unaltertf^l. 

The  tendency  of  most  crystals  to  split  in  particular  directions,  cjilled  by 
miner alogiats  cieatage,  Is  a  certain  indication  of  regular  structiire,  while 
the  optical  properties  of  many  among  them,  and  their  mode  of  expansion 
by  heat,  point  to  the  same  ooncluaion. 

It  may  be  laid  down  aa  a  general  rule  that  every  substance  has  its  own 
oryslalltTie  form,  by  which  it  may  very  frequently  be  recognizi^d  at  onou-** 
not  that  each  substance  has  a  di^'erent  figure,  althongh  very  ^reat  divir 
aity  iu  this  respect  is  to  be  ftmnd.     Some  forms  are  much  more  ctmi 
than  others,  as  the  cuIm^  and  six-sid*Hl  prism,  which  ore  very  fruqnen 
assumed  by  a  number  of  boiliea  not  in  any  wav  r.-hiteil. 

The  same  snbstanee  may  assumo,  under  dii'  '     ><f  circnmstan 

aa  at  high  and  low  tcmperaturoSf  two  dilTereui  ;i[>  forms,  in  whi 

case  it  is  said  to  be  diwurjAotu.     Sulphur  and  carbon  furaiah,  as  aire*!/ 


i 


VlT- 
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I,  exAinpIes  of  this  curious  fact :  ajiotlier  caw  is  preeeot^d  hy  caloium 

kHioDste  in  tli«  two  lutxlillcationH  ofciilo  apar  and  arragouiU>.  Loth  ohemi- 

lljr  the  aaiae.  but  physically  liUlVroiit.     A  fuurth  fxainplc  iiti|*ht  bvgiveu 

mtfrcurio  iodid«,  which  aliio  ha«  two  diatinct  fantu,  and  even  twu  dis- 

irt  oolorh,  uffcring  as  great  a  eoutrast  as  thiwti  uf  diaiuuud  and  graphil«. 

CryitalloE'Ap^I^^    Syatema. — When  a  crystal  of  atiuplc  form 

atU'ntivfly  cousi-lenil,  it  Ln-cuiuc'S  evulfut  that  ctTtatu  directiotui  cau  Ims 
inted  out  in  which  straight  lines  may  he  imagincfd  to  bo  drawn,  pvuiing 
trough  tlio  cv^ntral  jmint  of  the  oryitlal  from  sidu  to  aldo,  from  end  to  end, 
froia  one  anglt»  to  that  op|>oeod  toit,etu.,at>uutwhich  Uiiei>  the  particlvti 
matter  ciimpoHing  thecrytttat  may  Iw  conceived  tu  tH^syninirtrically  built 
Such  lin<«f,  or  arcs,  aro  not  alwayn  purely  imaginary,  howurnr,  as 
ly  be  inftirrtxl  from  the  remarkable  optical  properties  of  many  crystals  : 
their  number,  relative  U'Dgths,  position,  and  inullnaliou  to  each  other, 
»peod4  tho  ontward  figure  of  tlie  cryntol  itself. 

All  cryHtulliutt  formn  may  iiptm  this  plan  bts  arranged  in  six  daasM  or 
Ijrstema;  these  are  thtt  (bllowing. 

The  monometrio,  regolar,  or  cmblc  •ystam  (flg.  130). — ^Tba 
rstalA  of  thi:4  divisiuu  hrtvi-  lliri'.'  w|iial  axrs,  all  pl-'icf-d  at  right  angles 
each  other.  The  mt>st  imiH)rtant  furnL't  are  the  cube  (1),  the  regtdar  octo- 
iron  (2),  and  the  rhnmbir  liinirni/ieJruH  (3). 

The  letters  a — «,  b — I,  f — r  (lig.  130)  show  thw  tenninaUon  of  the  three 
tes,  placed  as  stated. 
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'Vt*ry  many  substances,  both  simple  and  oomponnd,  assume  thcso  forms, 
TDost  of  the  metftla,  carbon  in  the  Htate  of  diamond,  common  salt,  potas- 
"Uum  iodide,  thd  alums,  fluor-spar,  iron  bisulphide,  garnet,  spiuelle,  oto. 

Fig.  ISl. 


2.  The  dlmetrlo,  quadratic,  square  priamatlCt  or  pyramidal  sys- 

— The  crystals  of  tliis  sytttt^iu  (Ug.  131^  ari:i  also  symmetrical  about 
axes  at  right  angles  to  each  othor.     Of  thuse,  however,  two  onl 


f 

r 


of  (XiUal  length,  the  third,  c — r,  lining  lougi;r  or  &hort«r.  The  mnst  tm- 
purtuut  fui'uu  arO|  the  ri^fu  square  primn  (1),  and  Ihu  rifffu  aquare-boMid  octo- 
hctinm  (2). 

Kxuui|ile8  of  tlicse  forms  arc  to  bt*  found  in  xiroon,  native  atAnnic  oxide, 
apophylUio,  >'oUow  potasaiuiu  (errocyaulde,  oto. 


3.  Tb«  rhombobedrAl  Bystem  (\\g.  132). — Tliis  is  very  imjwrtauft 
and  e3il,eiiaiv'«  ;  it  may  hv  charactviizi'd  by  Juur  ajcwi,*  ihriHj  of  wliich  ar^ 
equal,  in  tbo  same  plauM,  and  iiu^IiuinI  tu  each  other  at  angles  of  (K>C),  while 
tht^  fuurth  tir  priucipal  axiii  is  perpundiculAr  to  them  all.  Tb«  principal 
fnnna  art*, — tin-  rtijuUtr  njt-xuled  prisiH  (1),  th«  ret/uieur  douhU  ns-sidtd  pyru- 
mill  (2),  the  rhomitoluriroH  (4),  and  tlio  mxdenoltMutm  (5),  a  tigrnre  bounded 
by  tvclvu  scak'nu  triaiiglvs. 

KxampitiS  aru  fuurnl  in  ice,  oalcsp&r,  sodiam  nitrate*,  Ijeryl,  quaita 
rock-<--ryntul,  and  thr  Humi-nietalH,  arstniiti,  aiilimony,  and  tolluriura. 

A  coinhination  of  th«  regular  Hix-sidod  prism  and  double  six-sided  py 
mid  (3)  in  a  coimnou  form  uf  t|uaitz. 
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^4^ 
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^ 
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4.  The  trUnetrlo,  rbombio,  or  right  prlflmaHo  syBtem. — This  fs 
oharji<'t*'niei.l  by  thrci*  axon  of  uuo<iiial  lengths,  plarf*!  nl  right  angh*i»  to 
•»ach  othtT,  as  iu  thf  riifht  rertant/tJar  prirm,  Iho  rit/ht  rhfunhte  prUm^  the  rtpAl 
rectttni/nhtr-hased  octoheJron^  and  the  riijht  rhombie-lMsed  octvJtearoRt 

rig. 133. 


'E3z3'  "^^^^ 


The  basei  of  these  forms  are  repreitiinted  in  flg.  133  (1  and  2).     Let 
the  rtjader  Imagine  a  straight  lim*  pa*ming  through  tho  centre  of  eadi  of 

•  Thl«  rrfownoff  to  Jbur  ax^«  In  n  mrr*'  matter  of  rnnvrnlence  ;  three  nxc-i  nra 
auBlcleot  for  the  dclermlnation  of  any  •oltd  flffura  whatorcr. 
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indicalor  to  lli«>  jilaiie  of  the  paper  ;  thin  will  rvpretent 
EZia.     Tbtj  uctolRHlr<m  will  Iw  Curuivd  by  Join  log  thv  vju\n  of 
line  witli  tho  ftitglea  of  the  base*,  aud  th**  i>ri8nus  by  vt^rtkal 
ig  tbruugh  the  i>itli*6  of  Lbo  btt8o»  aud  teruiiuatod  by  honiotital 
pfiutug  through  thp  entrcmitioa  of  thv  vertical  axin.     Tho  prrepeo- 
fonnB  uf  thttio  iriiiietric  pridiu^^  ojid  uctohedrunti  urn  biiuilur  tu  tiiuso  of 
itj  dimetriii  sybU'iu  (dg.  131). 
Th«  nrnte-m  is  exemplilittd  in  Bnlphar  crystoUiiod  at  a  low  tinnpfratarft, 
(cnical    irou    pyrites,    potadaiiuu    uitrate  and    sutpbat*',    barium   buI- 

5.  The  monocUnlo  or  oblique  prlamatlo  system. -^^^rystak  Wlong- 

to  this  gfiiup  have  also  ihr-'c  axt-o,  Hhirh  lujiy  U*  nil  mif^qual  ;  two  of 
M  (the  Bt'cwmlary)  nj-a  ptju-ed  at  right  atigUfi,  the  ihini  iM'ing  so  inclined 
bo  obliqut^  to  uiit)  ami  ]H*r}»tm(licular  U^  thti  other.  To  this  ttyiitexn  may 
Geared  the  four  rollowing  frtruui :  Tho  oUiq\ie  rrrturnjrilar  jiritrm,  llie  nliii^me 
ie  priMntt  thu  cWi'yue  rectuut/ulur-bujieii  iM-itthedrun,  the  cMt^f  rhombic-bwrni 

bsMS  of  these  monooliDic  fonra  are  identl(»l  in  form  with  those  of 
tritnetric  systmo,  fig.  133  (1)  and  ('!).  Tht*  principal  axis  may  In*  r»- 
iffHttMl  by  a  Itn*'  pwiiting  througli  thi^  plane  of  the  ]>api<r  at  tho  middle 
perpomtioular  to  u  a,  and  obliquu  to  6  6.  Thv  perspoctive  fomui  art) 
a  in  fig.  134. 

11C.LM. 
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Snch  forms  are  taken  by  snipbnr  crystallized  by  fnaion  and  cooling, 
salgar.  sulphate,  carbouatu  aud  ph(.x»phale  of  Bodiiim,  borax,  green  ritrlot, 
id  many  other  salts. 

(i.  The  kricHnlo,  anoxthlo,  or  donbly  oblique  prlsmstic  system. 

-The  crystalline  forinii  rumpr«'htMnte<l  in  this  diviHii»n  are,  from  their  greot 
(parent  irregularity,  exceodiugly  difficult  to  Htudy  and  uiiderstaiui.  In 
h-in  are  trai.<»*d  thrert  axes,  wliich  may  be  all  uniH|ual  in  length,  and  ara 
^)i  ..i,i:...,,,  to  each  other,  as  in  the  diHihiif-ol/iique  prism,  and  in  thvi  tlauUy* 
rf/nM.  The  perspootive  forms  are  similar  to  those  of  th«  mono- 
:l:  .  ■  m. 
C'opjH'r  Bulpliate.  bi.mnuth  nitrate,  and  potaasiom  qoadroxalate  afford 
luslralioua  of  these  forms. 


Prtmary  and Steondary  fbmw.-^If  a  crTvial  incroaso  in  magnitade  by  equal 

ditions  on  crery  part,  it  is  quite  ch-nr  that  its  fipnn*  mnut  remain  nn- 

■rwd  ;    but    if,   frnm   snmfl  cnuao,   this  increasi*   should    be  partial,   thw 

tibvl  mnttcr  being  fli(*lributcd  unequally,  but  still  in  obe<lient*o 

|efinit«  laws,  then  alteratians  of  form  nrp  prnduewl,  giving  rise 

rliioh  liavij  A  dire^it  ge'imetrical  cwmneciion  witli  that  rnun  which 

are  dtirire*!.      If,  for  example,  in  the  ciil>e,  a  regular  omission  of  suc- 

isire  rowA  of  |>artieios  of  matter  in  a  cn'rtnin  onier  Ik;  made  at  each  wdid 

e,  whUw  thi)  cryst.*!  oouUnues  to  increase  eUowheru,  tlte  r«suU  will  ba 
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the  production  of  nmall  trinngiilar  planes,  which,  as  X\\c  process  advanren, 
l^raduully  utiurp  i\n'  whole  of  thti  siirfacu  of  the  crvstal,  and  i-ouvert   thej 
cuIh'  into  an  octoh'-ciron.     The  new  pliinnH  arc  oaU(»d  Hfronffar^^  and 
production  is  Maid  to  tnk*^  plans  hy  regular  titiTcufnin  upon  tht^  6olid  angli 
Tho  Muu«  thing  may  happen  on  tho  edgce  of  Lhv  cabe  ;  a  new  flgure,  11 

Fig.  136. 


PftWRgc  of  cube  to  ootohwlroD. 

rhombic  dorlecAbedron,  is  then  ppnfratpd.     The  modifications  which 
Ihuft  Im?  prwiuctMl  of  the  original  or  primartf  figure  (all  of  whitdi  are  snhjt 
to  exut't  Kfonictrical  laws)  are  very  niuiuTuug.     Several  diKtinct  uiodificj 
tions  mny  hv.  present  at  tim  eomu  time,  and  thufl  render  the  form  exceed*' 
ingly  oomplox. 

Crystals  often  cleaTo  pnralW  to  all  ihi?  pianos  of  Iho  primary  fl^are, 
in  calc-spar,  which  offers  a  grK>d  ilh^lrntion  of  tliis  perfrttt  clcavaf 
8ouit*ti[ui«  on«  nr  two  nf  these  plaiica  Iwivt*  a  kind  of  preference  over  the 

it  in  thi«  respect,  the  crvHtal  splitting  readily  in  thpse  directions  only. 

A  very  flurioup  modifiention  of  tlu*  figure  Hometinies  occurs  by  the  exces- 
live  growth  of  ca<;h  allcrnatc  plaa«  of  th«  cryeloL;  lh«  real  bvcome  at 

Fig.  130. 


rnvtige  of  ootobcilroD  to  tetmhmlroo. 

length  obliterated,  and  th«  crystal  aaaumes  the  cliaraotcr  calltyl  Uetmhtdrai 
or  hfiff-tidrih  ThiH  IH  welt  Seen  in  tho  production  of  the  t^-traheilron  from 
the  re)|Ciilar  oetoheilruii  (fig.  Ktii),  and  of  the  rhoiul^diedrie  form  by  a 
Hitiiilar  change  from  thw  double  Hix-8ided  pyramid  (lig.  IJlI,  :!). 

piimis  h-lunj^ing  to  the  same  orystallugraphic  nystem  are  related  to  oaci 
olb(*r  hy  )«evei-al  natural  attinitiee. 

1.  it  is  nnltf  the  gim/tif  JonitM  of  tht  namtf  Bjfxtrm  that  txm  nmhine  info  a  com- 
plex form. — Kor  in  all  fully  developeil  (holohedral)  natural  crystals,  It  is 
fonnil  thai  all  tlie  similar  parts,  if  mmUlled  at  all,  are  nio<line<l  in  an  ex* 
actly  Himilnr  manner  Cin  hemiluMir.'il  fonuB,  half  the  similar  tilges  and 
angled  alternately  aituateil  arc  Bitnilarly  nuMltfied).  Now  this  can  bo  the 
case  only  when  the  dominant  form  and  the  UKKlifying  form  arc  dorelopcd 
according  to  the  same  law  of  symmetry.  Tlina,  if  a  cube  and  a  rt-gular 
octohe<lrfin  are  developed  round  the  ftamo  syxtem  of  axos,  each  summit  of 
the  cuIk*  ih  cut  off  to  the  same  extent  hy  a  face  of  the  (H'tohcdron.  or  fit 
vfmd.  But  a  cube  couhl  never  combine  in  this  mannr-r  with  a  rhomMt 
OiHoliLilron.  iMvause  it  would  W  impossible  to  pl.nv  the  two  forms  in  sncV 
H  manner  tliat  similar  parts  uf  the  ime  should  thri)iigiiouL  replac**  similar 
parts  of  the  other. 
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Tlie  crystalfl  of  each  sjetem  are  ihoe  aubjeoi  to  a  peouliar  and  distlnot 
il  vf      ■  'Mtia,  tht>  ulvterrtitktu  uf  whiuh  Tttry  fntiui-ntly  ouufttitutvs 

ei.  I.'  lo  ili'T  dietxiviTy  t»f  111*-  [iritnary  fMriii  iiM*lf. 

3.    t  ..7 j/tyiny  to  die  mmt  sifsiem  are  intiinalett/  rrUnni  tn  llieir  ojtiinU 

jprrlirs. — L'rjiitalti  tN-longing  to  llio  mgiiUr  M'xtrni  {an  tJii*  diamond, 
lum.  rot'k't'Alt,  ut«.)  refract   light  in  tliu  Haiuu  tuauner  aa  uhcr,vtit:illized 

tUuft ;  tltut  ib  to  say,  they  hav«  but  une  refraclivu   iudex,  aud  a  ray  uf 

;l)l  juiHiiiii^'  through  them  in  any  dircotiou  Ia  rcrractod  singly.  Hut  all 
th«*r  cryelalti  r«*fravt  doiitily,  that  U  to  say,  a  ray  of  ligliC  paHsiug  through 
!(!»!  («*xrH*pt  in  certain  dir*<ti<m«)  is  sjdit  into  two  rayH,  the  ono  called 
I*;  oniiHortf  ray,  Uaiig  refrattcd  an  it  wuuld  bt*  by  an  auiar|)hDaB  Ixxly, 
le  olhtT,  uaLled   lb**  tj-trtiontinurif  ray,  In-iiig  rffroottd  according  lo  jkhju- 

iT  and  murt*  complex  lawii  (m-v  Liuut).  r^uw,  the  L-ryHtalis  of  th« 
iimetrio  and  hexagonal  t^ydtt-uia  n-Hrnil^e  vau:\i  other  in  this  re- 
:t,  that  in  alt  of  them  tlirrt)  ia  one  dirfctiiui,  call<'d  thu  optic  axia,  or 

:is  of  double  refraction  (coineiding  Mith  tho  priiieipol  cryslallographlo 

;iK),  along  which  a  ray  of  light  in  n-fractml  tiingly,  whilt*  in  alt  other 
irootionn   it   in  rcfrac'l«'<l  doubly  ;  whoreiuit,  in   (-ryttLnU   tx'bmging  to  tbe 

her  nyiitems.  vis.,  tliu  trimetrin  and  the  two  oblique  flystems,  thiTP  are 
Iways  tut}  direotiona  or  axet»,  along  whieh  a  ray  is  singly  r<*frnrte»l. 

3.  t'rystiU*  brioni/inij  tn  tfti"  tuime  atjHli^ut  rrMmUt-  eMfh  othrr  {n  lluir  mnrfr  of 
iucting  /ipiif.-^Anu>rpbomi  l»<>'ljes  and  tTVKlnU  of  llie  regular  RyHt^aa 
Wduct  heat  miunlly  in  all  dir«xaioni«,  *n  thut.  HUpiMuing  a  <y>ntr«  of  heat 

exist  within  tiUeb  A  l*oily,  the  iH<ithi^rni;il  ttarfaeeti  will  Im  »pher«e.  But 
ryataln  of  tliL*  ■iimetriu  and  heXfigon.'tl  ityHtema  uonduct  i^ually  only  in 
ire^-tiona  pcrpi^mliuular  to  the  priiR'ip»l  axis,  to  that  in  auoh  crytitats 
ic  idotbermal  surfucntt  aru  eUi|woid8  of  revutution  round  that  axlh  ;  and 
ry8tal.<4  UOting^ing  to  either  of  the  tlir*H'  other  sy^tfm-H  ixtnduirt  unt*qually 
all  directioDii.  ao  that  lu  them  the  htothurinal  burfaccs  aru  uUipsolida 
with  thrtm  unojual  ax«i. 

RtlationB  f^  Form  and  Constitution  t  homorphitm. 

Certain  BubsinnceH,  to  whieh  a  similar  chemical  c^nrntitutiou  Is  ascriV>ed, 
»««*!*  the  rnnarkable  property  of  exactly  replacing  each  other  iji  crys- 

dliied  a;ni(Kiuiidfl,  without  alteration  of  the  ohara4.tvri8tio  gooiuetrical 

[Ure.     Such  ttudiea  art^  Kaid  to  l>o  ism/torfthou*,* 

Kor  example,  magneaia.  zinc  oxldti,  euprio  oxide,  forroiu  oxide,  and 

lokel  oxide,  are  allied  by  isomorphic  ndations  of  the  most  Intimato  na- 

ire.     The  saltA  formed  by  these  hiili:4tAnccfl  with  the  same  acid  and  simi- 

ir  prop^^irtiony  of  water  of  crystallization,  arc  identical  in  their  form,  and, 

'hen  of  ttie  same  cob>r,  cannot  )>e  distinguishi'd  by  the  eye  :  the  ifiilithateg 
niagneiitum  and  zinc  may  bi?  thus  unfounded.     Thene  Bulphateti,  too, 

11  combine  with  potasMium  sniphato  and  ammonia  Bulphal4^>,  giving  riflo 

doiiMe  sallH,  wluwe  figure  id  tbe  same,  but  quite  different   fr«tm  thnt  of 

i»  simple  ttulphntes.     Indeod  this  c«innt»etitm  U'tween  identity  of  form 

d  p.iralleliiim  of  constitution  runs  thnmgh  all  their  combinationf). 

In  the  Mnmt*  manner  alumina  and   iron  ti**sqiiioxide  replace  each  other 

intinually  without  change  of  cryttlalllne  figure:  the  same  remark  may 
ma4le  of  the  oxides  of  potasnium,  .<«(xnum,  ammonium.  The  alumina 
coiunton  aluut  uiny  W  replncdl  tiy  iron  Befiquioxide,  the  |Ktta>ih  by  am- 

looin  or  by  mxla,  and  still  the  figure  of  the  crystal  remains  unehniiged. 

'hese  replacements  may  U»  parlinj  only  :  we  mny  have  an  alum  containing 

potash  and  antmonia,  or  alumina  and  chromium  SH.'tqnioxide.     By 

idcial  management — namely,  by  transferring  thti  cryHtal  tfaocwtiirely  to 

•  I'Fora  *nt,  efiuf\1,  «DiJ  ^v•^  ih^jie  or  form. 
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different  soltitionH — wf  may  hnv*-  thptte  iBomorplioTiH  rnifl  mtiiually  repUo- 
iiig  iN>nipi)rintld  (liHtrilmte^l  Ui  tlilTert'iit  layer!)  uimhi  tlie  saiiii*  cryslal. 

For  tliMtf  rea^ouH  iuixtun.>»  of  itunuorphuus  H&lin  can  iii*v«r  1h*  »(«.'parBte(l 
hy  oryAtallututiou,  uuliws  llu'ir  (lifft*n''«i;t'  of  Kuluhility  is  vi«ry  great.  A 
mixed  aolntion  of  ferrous  sulphate  ami  nickel  sulphate,  isomnrplious  salts, 
yM(U  on  erap'jm.tion  cryHt.ild  containing  h*ttU  iron  ami  nickel.  But  if 
bvfore  oraporatinn  the  fi-rruiiH  Halt  ho  oourertud  into  fiTrio  salt,  by  i'hlorin« 
or  other  lueanfl,  thfu  Ihc  cryt>taU  obtaiuvd  are  free  from  iron,  rxct'pi  that 
of  the  mnthrr-Iiqnor  wliioli  wt.'ts  thou.  Th^  ferric  salt  is  no  Iun};i*r  isu- 
morphoiiR  with  the  nickrl  Kalt,  and  eiwily  ftoparatoH  from  tliu  lattvr. 

AtjKntuto  iilcntityof  TaUiH  in  the  anf^lcs  nf  crvHUnlM  18  not  always  px- 
hihiti'd  by  isomorphnua  sulirttancea.  In  other  wordtt,  small  variations 
o(Uin  ocour  in  the  ma^nltudu  of  the  au(;U*H  of  oryuials  of  cumpoundii  which 
In  all  ulher  rc8p«K'.L<)  show  thn  cliMt^ttt  inoniorphin  rttlationit.  This  hIiouM 
oooAiiion  no  BtirpriaL*,  oa  there  are  reasons  why  such  variations  might  be 
expecttrtl,  the  chief  perhupi^  U'lng  the  unefjual  cfTtH^tK  of  ox{»nntijon  by 
heat,  by  whit'h  the  an^'b-s  (tf  the  Rame  crystal  are  chnn^jcil  by  aU<Tali<>n 
of  teni{H*raturo.  A  gtxKl  exatojile  it*  found  in  the  case  of  tin*  oar>KinatPB  of 
calcium,  magnesium,  mangant^e,  iron,  and  sine,  which  are  found  native 
cry»tailized  in  the  form  of  obtuse  rbomlK>hedron!)  (fig.  132,  4),  not  distin- 
guishable from  each  other  by  the  eye,  but  exhibiting  Hmall  diff*^renct«  in 
tht^ir  anglex  when  aei;nrat4*ly  meaaared.  These  oompoundH  are  isonior- 
phous.  aii'l  the  meaj<uriim«ut8  of  Uie  obtuse  angles  of  their  rhombohedronfl 
are  as  follovrst  : — 

Calcium  carbonate 105O     6' 

Magneeiura     **                107-^  25' 

lUnganotts     "                107'^  20* 

Ferrous          "               lo7'^ 

Zino                **               iOjO  40' 

Anomalies  in  the  composition  of  various  earthy  minerals,  which  formerly 
threw  much  obacurily  ui)uu  their  chumical  nature,  ha\M'  l»een  in  great 
neiuture  explained  by  tjiese  discoveries.  Specimens  of  the  saiuc  mineral 
from  dilforent  localities  were  found  to  afford  very  discordant  results  on 
•nalyrtis.  Rut  tho  proof  once  given  of  the  extent  to  which  suliKtitutiou 
of  Isiuiiorphous  bodies  may  go,  without  destrtic^tion  nf  what  may  be  called 
lite  priiuitivo  typo  of  the  compouud,  these  ditlicultles  vanish. 

Pecininn  nf  a  doubtful  point  reapewting  the  er>iistitution  of  a  compound 
Inay  »f>metiTii"s  Im  very  satisfaclnrily  made  by  referencje  to  its  isomorphoiis 
r«'laltoni«,  aa  in  the  CA5e  nf  alamtna,  already  mentioned,  which  is  Isomor- 
fhiuu  with  the  sivquioxide  of  iron  (p.  2^7). 

Tho  din«ct  determination  of  the  cryblalline  forms  of  the  elementary 

ts  often  difficult,  and  the  qnestinn  of  tlicir  iMomorphitini  u  uompli- 

by  the  fn*i|uenl  dimorphism  which  they  exhibit,  but  when  coui- 

arw  r<iund  to  i^>rre»p<>iid  in  chmnical  constitution  and  crystalline 

l»  m-*y  9omelimes  Iw  inferriKl  that  the  elements  oompotdng  ibeni  are 

tfM4iiorpho(i9.     Thus,  the  metals  niagn^^ium,  ilnc,  iron,  and  «>)>- 

uuted  Iti  l»e  i.Honiorp lions.     Ar»eiiic  and   ]>luisphoru8  havi'  not 

iM\  -t^.lUn,.  f.irtii  :    nevertlielof^s  they  are  naid  to  1»  isomorphouit, 

'loric  acids  give  rine  to  combinations  which  agreti 

Atid  constitntion.     Tl»o  chloriiles,  iodideK,  bro- 

-'  ,  whenever  they  can  be  olwervtxl,  In  the  raiwt 

'>  elements  thenu>elvi<s  aru  believed  to  1>e  isonior- 

1*kM  <tt>iiMii>MA  UkW»  Ukoti  with  slight  modiAoation  from  Ur&huu's 


i 

I 
I 


CBYSTALLIKK    FOEM. 


849 


4 


of  ChemiatrT-,"*  will  senre  to  convejr  Bomo  Ides  of  Uie  most 
ipovtant  fainiUes  of  i«umorphomt  eleiuoDtA :— 


IsoMorjtltouj  Groups, 

(1) 

(3) 

(«> 

Sulphur 

Burluiu 

Soditim 

Soliruium 

Btrontium 

biWvr 

Twllurium. 

Lead. 

TUatlium 

(2) 

(4) 

M/iKUtraiium 

Plaliiuim 

Ammoitimk. 

Calcium 

Iridium 

Mnnganuse 

Osmiam. 

O) 

Iron 

Chlorlos 

Cobalt 

(5) 

IoiUdu 

Nickel 

Tin 

Broniino 

Zinc 

Tiuninm 

FluorintJ 

Cadmiam 

Zirooiiium 

'  CytinoijtH, 

CopiMir 

Tiinirstpii 

rhmniinm 

MolrMrnnm 

(«) 

Alnminium 

Tan  till  urn 

PhoHplionu 

Olacinum. 

Niobium. 

Ar««_'nio 

Antimouv 

KiHiiiuth 

VAiiadium. 

A  eotnparisnn  of  thift  tabic  with  that  on  papn  230  will  show  Hint  in  many 

itancea,  UomorpUons  elcmeiitB  exhibit  ei|unl  quaiitivalenouur  oombiiiing 

Lpacity,  and  inort^  gcnerall/  that  thu  isomnrphoua  groape  ooiiBfst  vrhulljr 

perifwad  or  wholly  of  artiwl  i*leni(>nt«.     Thu  only  apparent  extvptiori  tu 

rulii  is  affonlpil  by  tAittalum  ami  niobinin,  whii?b,  nltbniigh   pttutfuln, 

ihomorphous  with  tin,  tungnton,  and  nthiT  U'trad  and  hcxod  t'loineiita. 

*  SoooDd  edltloD,  vol.  1.  p.  175. 
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Tint  term  ChomicAl  Affinity,  or  Chemical  Attraction,  is  oaed  to  descrl 
lat  purtit;iilar  jtowtT  or  fnrcy,  in  virtue  of  whiv:h,  union,  olt«^u  «f  u  w: 
mtiuatf!  ami  }M.*ruiuiifiit  iiutuns  tuket;  place  between  two  or  tuort*  bodi 
in  ituclt  A  way  oh  to  gi\*«>  rtst;  to  a  nnv  sulttftunce,  having,  fur  th«  nitwt  pari 
propcrlioa  completoly  in  dirici'rdancir  with  lJios«  of  ita  coiuponiMits. 

Tliu  attraction  tliua  MXcrU'il  bvtwt'en  (lilKTuut  kiudit  uf  matter  is  to  bo 
diutinguiiihud  from  other  luodilicatiuuu  uf  attractive  fore*;  which  aro  exert 
iiiduicrimiiuMely  between  all  deKcriptions  of  snbstauci*8,  aometimcA  at  tnur^ 
inoufl  distances,  8oint>tim(>fl  at  intervals  qnit«  inappreciable.  Kxompleti  of 
thfl  lattiir  are  to  be  aecn  in  caties  uf  what  is  cailKil  coJiejnon,  when  the  j>ar* 
tides  of  solid  bodies  are  iittitiov^ibly  buuud  logother  iutu  a  uiauB.  Then 
there  are  other  efre(*ts  of,  if  [MMHilile,  a  Ktill  more  oln«cnri;  kind  ;  sucb  as  the 
various  actions  of  siirfaot',  the  adhetiion  of  ctrrtain  liquiiht  to  glasB,  the 
ropulsion  of  others,  the  ascent  of  walvr  in  narrow  tubes,  and  a  multitade 
of  carious  phonoincna  which  are  dcsi-ribcd  In  works  on  I'hy.su-s,  undrr  tlie 
head  of  mriirctJar  a<tioiui.  I'rum  all  tht^^e,  true  chemical  alti-uclion  may  be 
at  (MU»  (listiuj^uiHlu'd  by  the  deep  and  i  oiuplctf  change  of  characters  which 
follows  itjt  ext-rlion :  we  might  indeed  deline  affiuity  lo  bo  a  foroo  by  which 
new  Biibstanoi^s  are  generated. 

It  8<*ems  to  be  a  general  law  that  bodies  most  opposed  to  each  other  in. 
chf*n)ii'a1  propttrti»*s  fvinr«  tlu?  greatest  tendoncv  to  enter  into  combination 
and.  conversidy,  b<Kli«'H  betWHen  which  strong  analugies  ajid  resemblance'! 
can  be  trncvd  manifi*Ht  a  much  smaller  amount  of  mutual  attraction.  V 
exnmple,  liydroj^im  and  the  metals  tend  very  stronjrly  indeed  to  combim 
with  oxygen,  chlorine,  and  io*lJne,  but  theat'lraoti<)n  Iwtween  the  dilferent 
mi'inlNTrs  of  these  two  grouped  is  comparatively  feeble.  Sulphur  and  phos- 
pheruH  stJind,  as  it  were,  midway:  they  combine  with  sn1>stanc^>3  of  one 
and  the  other  class,  their  properties  separating  themsuffiuienlly  from  both 
.ieidii  ntn  drawn  towards  alkalies,  and  alkalies  towards  acids,  while  union 
\v(*^  rarely  if  ever  takes  jjlaoo, 
>  -^,  chemical  rombination  graduates  bo  imperceptibly  into  mo 

iii»l  M.ixture,  that  it  is  often  impofwible  t'>mark  the  limit,    Solntion 
t||inlt  of  a  weak  kind  of  affinity  existing  between  the  substance  dis- 
d  ih»»  solvent — an  afBiiity  so  findih*  as  completely  to  lose  one  of 
nuMit  fealurea  when  in  n  more  exallitl  eonditioit — namely, 
itt!  elevation  of  temperature  :  for  in  the  act  of  mere  solution, 
l-Atur^'  falls,  the  hent  of  combination  being  lost  and  overpowered 
tk»  of  change  of  state. 

Miical  attraction  tlins  varies  greatly  with  the  nature  of 
N^  run  which  it  is  exerte^l  ;  it  is  influenced,  monover,  to 
I'v  t'\ternal  or  adventitious  circuinstaiiees.     An  idea 
the  relations  of  aHinity  were  fixetl  and  constant 
iii-.'s,  and  great  pains  were  taken  in  the  pre]>ara- 
w  liAt  watt  called  the  precedence  of  affinities.     The 
\\x\fi  is  now  acknowledged  to  repri'sent  the  order 
■  ■'■.••A  under  which  the  experiments  were  made, 
-  these  eircumstanoea  become  changed,  th 
mate  etft^ot,  indeed,  is  not  the  result  of  thtf 
'  rather  the  joint  effect  of  a  nuinln'r,  so  eom- 
.  -Liisity,  that,  in  the  grrator  number  of  case«|'^ 
.  fc  ^V  nwseqnenccj  of  a  yet  untried  ezperimen' 
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It  will  bo  proper  to  examine  fthortljr  some  of  these  extrjuioou*  eau«M  to 
which  Alluiiion  hm  bLi'ii  iiift<l)%  whJcli  ui<Klif>'  to  Mr  i;rv«i  on  extent  Utu 
dlrvct  AU«1  original  cttTfcti!  ul  tho  B|H*cilio  attnK-tir«  force. 

Ait«r»liuu  of  ttfinpvrature  iii&,v  U*  recknutMl  auiung  ibaAA.  When  mftallfo 
jaercury  ia  heatcHl  Dearly  to  its  buiUug  point,  aud  in  thai  stale  cxpiwwl  tor 
a  lung  tiuiv  to  the  air,  it  alMorlM  uxygeu,  and  beoumes  ouuverU.Hj  into  a 
dark-rnd  cj-yntiLlliDti  powdi^r.  TUii  very  aome  BUbKtanoo,  when  raisHl  to  a 
atill  lii^)tHr  tfup4^ralur«,  tti'parnt«A  spoutaoeouily  into  metallio  mrrcury 
ail  n  gas.     It  may  !>■  »»ui,  and  pri>hal)]y  with  truth,  that  the  latter 

(i  : '-ally  aided  by  the  tondouoy  of  iho  metal  to  naduuie  thr^vapomna 

ki^.-  ,  >^.<>i.  preciAcly  tlte  ttauie  (ui.  t  iji  obevrved  with  auullicT  niHt-al,  pnl- 
ladiuu,  which  i»  not  vulutilti^,  I'xei'pting  ut  extrfmidy  high  tciiipi*rnturf!i^ 
but  which  cxitlizitb  su|K>rliciul]y  at  a  rcil  heat,  aud  again  bewues  rt-duced 
when  the  temperature  rLtti*»  to  wbiteutiit. 

ludulubiiity  and  tli«  puwerof  vaporization  are,  prrhapft,  bcynnd  nil  othpr 
ditilurbing  c-auatw,  tlie  mucit  j^Kituut ;  tbey  interfere  in  ainioat  rVtTy  reaction 
which  takue  place,  and  very  frequently  turn  the  ftcalt*  when  the  opposed 
lbre<<«  do  not  grcally  ditfer  in  encriL:y.  It  is  «'a»y  to  give  cxanipl^s.  When 
•  vtluijuu  uf  calcium  clilurtile  is  mixdl  with  a  fw^ilution  ttt  Aniuionium  rnr- 
bonate.  double  iuterehauge  rnttueA,  cAlnum  carUinale  hnd  nuimnninni  chlo- 
rido  Iwing  i^entirated  :  CaCI, -j- (MIJ^C**,  =  Ca(t>j-|- iiMl^tl.  Here  the 
^liju  can  be  e>howu  to  be  iii  a  great  lui-OAurti  detemiim-d  by  the  iiicolu- 
ility  u(  thu  calriain  cartxinnto.  On  the  other  .hand,  when  dry  c-alciiim 
rbonatti  ia  powdered  and  uiixod  with  nmtnoniutn  ohiurido,  and  t)iowhrde 
rat«d  in  a  relt>rt,  a  Hublitiiato  of  ainmuuium  carlionate  irt  fornu*d,  while 
ium  nhloride  remainfi  behind.  In  thift  inMnnce,  il  i-*  no  doubt  tlic  great 
utility  of  the  new  amtnoniacal  salt  which  chielly  detciniincft  tlie  kind  of 
ipuaitioit. 
When  iron  filings  are  hc^tod  to  redness  in  a  porrelaln  tubo,  and  vapor 
i^Aler  itt  pOMHetl  liver  tlu-m,  th«i  water  undertrtieK  deronijiosition  with  the 
lOBt  facility,  hydrogen  U-inj?  rapidly  disengaged,  and  the  iron  converted 
oxide.  On  the  ollu-r  hand,  oxide  of  iron,  beatwl  in  a  tube  through 
.rhich  astTfwim  of  dry  hydrogen  is  pftHstsI,  Buffers  almost  instaJitanctma 
reduction  lo  the  metallic'  Htate,  while  the  vajwr  of  water,  carrieti  forward 
by  the  current  of  gaa,  eacapei*  ait  a  jet  of  ateam  1^001  the  extremity  of  the 
the.  In  thput*  cxiM-rimeuta,  tho  affinities  between  the  iron  and  oxygen 
the  hydrogen  and  oxygen  nn*  imi  nearly  hnlanred,  that  the  ditlerenco 
itmnitph^r  is  sufficient  tt>  settle  the  p«>int.  An  atmoepliere  of  fteani  offers 
le  resistance  to  the  earape  of  hydrogen;  an  alnmaphere  of  hydrogen 
»an!  thr-  -tame  relation  to  steam;  and  this  apparently  trilling  dilU-reuce 
cirenmi»tan<v»8  is  quite  enough  for  the  purpotie. 

What  is  called  the  ntitcmt  ttnU  is  one  very  favorable  lo  chemical  comW- 
ition.  Thus,  nitrojEcn  refhses  to  wmibine  with  gaseous  hydrogen;  yet, 
pn  these  substances  are  simnltamwusly  lilwrated  frmn  wmie  previous 
ibination,  they  nnite  with  »:reat  eni-e.  as  wlien  organic  matters  are  de- 
..jywl  by  heat,  or  hv  spontaneous  putrefactive  change. 
Thero  i*t  a  remarkable,  and,  at  the  same  time,  very  extensive  claM  of 
»tion»,  groniM'*!  to^'ethe^  under  the  peneral  title  "f  case*  of  disjxm'nff  ojfimfu. 
[etallic  silver  dm*H  not  nxidize  at  any  temic-rature :  nay.  more,  its  oxide 
eaailv  decomposed  bv  simple  hr-at  ;  yet,  if  the  finely -divide<i  metal  be 
dxed  with  silioiKius  matter  and  alkali,  and  ignited,  the  whole  fuses  to  a 
low  transparent  glass  of  silrer  sllicjite.  Platinnni  in  attacked  by  fused 
itaaaium  liydrate,  liydroffcn  In-ing  proliably  disengaged  while  the  mclal 
txidiziMl  :  thit*  it*  aii  effcid  which  never  hap]tenH  to  silver  under  the  same 
ircnmstancew,  although  silver  is  a  much  more  oxidaitle  subslauoe  than 
^platinum.  The  fact  is,  that  potash  forms  with  the  oxideof  the  Ust-nam«Ml 
meUl  a  kind  of  saline  cotnpound,  in  which  the  platinnra  oxldo  acta  as  an 
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Acld  ;  Antl  henou  iU  formaliou  uudur  tho  ditpotiny  influcnoa  of  Uie  powerl 

Ill  tho  romarkable  decompoflltlona  sufferod  bjr  various  orfranic  bodli 
wlit*n  lixaud  in  uouincl  with  cuuiiti<!  alkiUi  or  lime,  w«  have  i>th<T  examjil 
of  tho  saoiH  ta^a.  Prodiiutd  aro  geiteratud  which  arts  uuver  foruu*d  in  ll 
almtmco  of  thv  bai>i* ;  tlm  ntuctiou  Is  iiivariahljr  letfn  complicatvdf  and 
r««f<iilta  r^'Wur  in  niimUtf-  and  more  duliuitv,  than  in  tho  uvont  of  aimpl 
divlruuliuu  by  a  g^raduatt>d  heut. 

ThiTo  la  vol  a  still  iimro  olwcurc  olaas  of  phenomona,  oalU'd  raialytir, 
whitih  t'ffocLt  aro  hrou^'ht  tilKfUt  hy  ihu  mare  presetted  of  a.  siilistauvL'  wJiit 
it*t'lf  undergo**  no  ji*'re»'pti  We  change :  thu  experimi*nt  iui*ntioni»d  in  tl 
i,ih«pL4-r  i>n  oxygen,  in  which  that  gae  isobtainodf  with  the  greatL«t  fucilit; 
hy  httaitng  a  mixturti  uf  potassium  uhlurate  and  tuan^anuiitf  diuxi<i«*,  U 
caito  in  piiint.     Thu  salt  ii  dtiOotujMisM  at  a  verv  far  lowur  temperature  thi 
would  otUorwiflo  bu  requir<td,  and  yet  tho  mauganefiL' oxide  d»M  not  appc&F] 
to  umlvrgti  any  aU(iratii>D,  Kdng  fouifti  after  th<i  (•xiwrinurut  in  tlie  iiaioii 
alaUi  aM  lutfttre.     It  may,  however,  undergo  a  ttnnpnrjiry  alt<iratif>n.     Wa- 
know,  indtMd,  that  thia  oxidi)  when  in  contact  witli  alkalies,  ia  capable  o# 
taking  up  an  additiunal  proportion  uf  oxyguii  and  forming;  oian^anio  aoid  $1 
and  it  in  quiti>  i^HUiHiblo  that  iu  Ihu  ruaotion  just  consid^'rt.'d  it  may  actually' 
taki)  oxygen  frym  tho  potaHsiiim  chlArat^?,  and  papa  to  tho  Btatc  of  a  higher 
oxhli),  which,  howevor,  is  hnnK.Hliatrly  dooompofivd,  the  additional  oxygvA 
U'lng  vvt>lv<)4l,  and  thu  diuxidu  retiirntng  to  ila  original  state.     T\n-  aamAJ 
cffMcl  in  facilitating  lhedea>mp«>tiitionof  the  cbloratu  is  pro«lucwJ  by  uuprivJ 
"xidu,  f«rrio  oxido,  ami  load  oxiilo,  all  of  which  are  known  to  ht*  Hiiscr'p^ 
lihh)  of  higher  oiidatiou.     Tho  oiidos  of  xiuc  and  magnf«iiim,  oi;  tho  oon- 
Irary,  which  do  nut  form  higher  oxides,  are  not  found  to  facilitate  the 
dtM'vimpodltion  of  the  chIoratf» ;    neither   is   any  anoh    efleot   produc^Nl    by 
mixing  lh4  salt  with  other  pulverulent  subetauoea,  such  aa  poundttd  glass 
or  pure  silica. 

Tb«  Mo-catied  eatalytio  ajjiiona  aro  oflen  mixHd  np  with  other  effeettJ 
which  arc  much  more  intelligible,  aa  thu  action  of  Onitly  dividml  platiiiiim 
on  ^"iTtain  ga.s*M>t]H  mixtures,  in  which  the  Bolid  ap[H>ara  to  wndenBe  tho 
flaa  uiKin  ita  greatly  exti'ndcil  surface,  and  tlicndiy  to  Induce  LM^nbinatiua 
by  bringing  the  parlidoa  witliiu  tho  aphere  of  their  mutual  altraotiuaa. 

lt\ftui>Hrt<  of  PrrMsurt  tm  Cftemiml  Action. — When  a  Uwly  la  decomposed  bjft] 
lu'at  In  a  vonlUied  Rparttt,  ami  one  or  more  of  the  separated  elemunu  (uUi^ 
inalnur  proximate)  is  gaaooutt,  the  deoompoHition  goea  on  until  th«  Ul 
riilo.1  ga«  or  vapor  hna  attained  a  certain  tiuialon,  greater  or  Ives  aoeonllD|fl 
to  tho  ll  inp-i-iittire.  So  long  as  tills  U-mperature  remains  constant,  no 
rmther  d.MM.miHwition  lakes  i»lace,  neither  does  anv  poHiun  of  the  gepa- 
fKlwl  ..leniiinu  r-wmhine  :  but  if  the  temperature  be  raiMiHl.  di.Hy>nip<wition 
^MXM,„„y„o.«,  ^,1,1  ^,„^  „,j  jj„  ^,^^  liu^r.^tcd  gas  or  v.iiM.r  has  attained  a 
onrialn  higher  tension,  aUo  d.-iluite  f<.r  that  particular  temperature  ,  if  nn 
IhM  ouier  lianil  the  teiuiMTature  bo  lowered,  reconii>ositi<>n  takes  plaw, 
"ul  .1  ,'""*""  "^  *'"^'  r«'<"aining  gas  is  nNiuced  to  thai  which  »Hjrri«|i,inds 
wuu  tun  lower  tem|H.rnture.  These  phenomena,  which  are  closely  anah»- 
goiw  lo  111.*..  ..xhlbittyi  ,n  (he  vaiKirization  of  liquids,  have  U»en  wiwcially 
atudlwl  l.y  IWlII..  Bii.i  n.d.ray.»  PeviHe  d.wiguattei  det^mixwition  under 
these  coiidltli.ti^  by  th..  i.nn  **  DiestK-ialion." 

When  eiWrniM,  (ijr/wm,*/..  !«  heated  in  an  iron  tnbe,  from  which  the  air  has 
IxKjn  e«bAunt«Ml  by  m>'an»»  ..f  n  ni.Tcnry-p(iinp,  no  rhwM.mpfwIlion  takes 
jilaeoHt  atX^^  at)il  a  sean-ely  jMTei.ptible  decomposition  at  ■«<iO  ;  but  at 
btKP  (»U  Tapor  of  cadmium)  it  bectuuie  very  |ierr«ptiblo,  and  go««  on  tUl 

•  WatU't  iMof lou/iiTf  of  t  hemUtry .  flrsi  SupploiUftnt.  p.  i». 
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Cfae  Unaion  of  the  erolved  rju-boii  dioxide  Uninmcw  eqaira]»*uC  to  ^  niilU- 
snt-trm  of  mercury  ;  thura  it  stoiw  f>u  lung  an  the  totn]ii*rktur«  ri'iuAinH  lhiu- 
ftlarit ;  but  on  raiAin^  tliv  t«.Mu|i*<ntiiiro  tu  UMO-  (in  vnfiitr  of  ixuv)  luitrv 
carlMMi  tlioxiilv  w  I'vulvml  until  a  U-u8ion  tH^uivulcut  to  uU>ul  620  lutu.  U 
atUi»«d.  If  tlitf  tvi»iuu  Ik>  ruduovd  by  working  tlu<  puuip,  it  is  wiou  re- 
stored to  iu  furuiL'f  vulutf  by  a  ficelt  uvolutiuu  of  carlKiii  diuxldv.  H,  ou 
tbtf  <Mlufr  tiAitd,  the  a|ipHraUit»  In:  hIIuhlmI  tu  immjI,  the  carbuu  diuxid*  U 
griulually  ri'alitMirlN.*d  by  the  quiekiiiuc,  uud  «  ViK^uuiu  in  re-tntiihlUUml  in 
the  ajipnralUtf. 

^iiuilor  pLciuiiui*tut  aru  uxluhitt'd  in  tho  uJIlorunotrjicc  uf  Uydrntixl  luUt*, 
Snd  in  tliu  di'Liiiti^K^itlon  uf  tUti  oiuupuuiuU  ul  auauouia  with  luutJiUio 
ehloridiM,  in  r|i>^ed  .9]>u<'t«ti. 

If  tbo  d<HX)iii{Ki»o>l  Uidy,  aa  well  u  ou«  at  tcatft  uf  ita  oondtitiu'iiLa,  ia 
gAAtfouft,  it  is  uut  {Mm^ibhr  to  iibtAiii  all  exact  mcoiiurL-uii-nt  uf  tJu*  nmxliuuin 
t«tii»iuuc<irr**»{»'JUiliii^  with  the  l<'iu|H;raturf  ;  i»ivc-rth'.'U*a6  thvdtH.-uuip«ittitiua 
la  found  ti>  tnicc  pliKu  turcordiii^  to  tho  hiuum  gt'iiurnl  law,  o^Aning  hm  mmju 
u  tho  liU*ratcd  gant'i^  have  obluilK^i  a  corlaiu  tvusiuu,  whklt  i»  grvHtvr  oa 
the*  t«fiL{>i'rjauru  IB  higluT. 

It  h^iri  long  Inm'ii  known  that  ohemicAl  mmbination   Ih'tweon  any  two 
boditm  c^ipaUt;  »t  uniting  lUret^tly,  tuk<:»*  pliu-u  only  at.  and  abuvt'  a  trfrlaiu 
tcinjH'j-Ature,  and  tliat  lht<  •iimUiiatiun  is  brukcu  up  nt  n  highvr  tvuipera- 
tnrc;  hut  it  U  only  in  later  yuar^  that  wu  havo  In'l^/iuv  actiUAinlnd  witb 
Ihu  fact  that  iKxiiitf  like  water  bt^gin  to  decouipoiio  at  t«uup(<ratur'.'«  con- 
siderably bcluw   that  which  they  proiluDO  in   the  act  of  cumbining,  and 
Icrvforo  that   their  oombinalion  at  that  tt^nipcritturti  hi  uovor  ctmiph'lo. 
>r4  i^howcKl  »mnti  yuarB  ago  that  wattT  is  rtvtolvtHl  into  its  olcuicnts  in 
it  with   intcn»cly  ignited   platinaiu.     This  r<.<acliutL  hiL>i    Us-n   morv 
studied  hy  DuvilLc,  wJio  liudfi  tliat  when  vnt>or  of  water  ih  piujsod 
;h  a  hcateil  platinum  tiibi^,  ilccouijMKjitinn  c^miniMnctTA  at  9()i*<^lU0UO 
d>out  the  mi'Uin^^  |K>inl  of  silver),  hut  pnN-t*i-tU  only  to  a  limitc<)  extent; 
raising  the  tem|H<rattirc  to  120(P,  further  decompoeitiou  taken  place, 
Ul  only  to  a  UmitiHl  amount,  et^aiiing  in  fact  as  H(x>n  as  the  liU'rattni 
and  hydro);cn  have  atlaimxl  a  c«:'rtain  higher  tenstf>n.    The  i|uantity 
past's  aiiiially  ci'lleot'.**!  in  this  ex[H.TiTuent  is,  however,  very  rtinAll, 
tter  (.Rirtinn  of  them  rouoiubininx  as   they  pass   through  the  iMioler 
the  apparatus,  till  the  tcOitinn  of  thn  rt'uiainder  is  re<luc«tl  to  that 
lich  eorres|i«)nds  with  tho  lower  U-mper;iluro. 
T.ie  remnihinatinu  of  the  ^'a.Hifti  may  be  prevuutoil  to  a  certain  extent  bjf 
iliua  of  an  apparatus  con.sisling  of  a  wide  tube  of  glax«wl  earthen-ware, 
ironj^b  tin:  axis  nf  wbiuh  pasiicB  a  narrower  tub<^  of  imrons  carlhen-ware, 
two  Kdug  tightly  fittwi  by  p«>rforat4Nl  corks  providetl  with  gas-deliverj 
0)es,  and  the  wholo  8tronj:ly  h>!att>il   by  a  furnare.     Vapor  of  wnXrr  ja 
wetl  thnnigh  the  inn«r  tul»e,  carbon  dioxide  thrnn>.*h  the  annular  upacv 
Itween  the  two,  and  the  gaseai,  after  poising  thronj;h  the  heated  tuU-s, 
received  over  caustic   pttIn.th-snliition.     Tho  vapor  of  water    \a  t]wn 
Hnposetl  by  tho  heat  a^  lx'for<» ;  hut  the  hydro^'en,  ftt^oordinir  tn  Die  laws 
dJirnsion,  passed  through  the  iK>rniif(  rartiien-ware  into  the  Rurrouiiiling 
iphere  of  carbon  dioxide,  Mn;:  thns  f^paraled  fn>m  Ih^'oxyiren,  which 
ins  in  the  inner  tuIie,  and  Un'omctii  mixtsl  with  carUm  dioxide  jiasaing 
irvMigh  the  pnrou3  septum  in  the  op|»fisil»i  dire-clion  (o  llie  liydrogen.    Aa 
(e  gast^  pas!*  thmugli  the  alkaline  water,  the  carlKm  dioxide  is  ab«orl)ed, 
a  mixture  of  hydrogen  and  oxygen  colb^ets  in  tbt*  rweivcr.     A  gram 
watvr  iML-^sed  in  the  state  of  vapor  through  Buch  an  apparatus  yidda 
lUt  a  cubic  centirtiftro  uf  detdnatlm;  gas. 
[Tho  ret«rdlng  influence  of  i)rn4.'*nrH  is  seen  also  In  the  action  of  aoid» 
m  aiiic,  or  the  electrolysis  of  water,  in  seahMl  (ulws.     In  these  cast's 
elimination  of  a  gas  ia  an  ettsvntlal  condition  of  thu  ohaiign,  and  this 
22 
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being  proTcnted,  the  action  is  retarded.    On  the  other  hand,  there 

numuruuM  rvacliou!*  wliich  are  jjiftttly  promoted  by  iucreaswl  pri'6surt>^ 
tIkOHe,  nauifly,  vrlitcU  dt^jM'ixi  uu  the  ^uhitiou  of  ^nstiA  iu  liquids,  or  on  th« 
prolonged  uontaci  uf  sulntanctii)  which  uudcr  onlinary  predBurv  would  be 
Tolatilizttd  b/  heat. 

ReJations  nf  Heat  to  Chemical  AJfiniti/. — Wliatfvor  may  bw  the  real  nature 
of  cibuini<.'al  atbuity,  one  most  iinportnnt  fact  is  cluarly  establinhod  with 
regard  to  it  ;  namely,  that  JtH  miiiiif*.>t(tatinns  are  always  aooompnnled  by 
thu  pro<iuction  or  atuiihilatioa  or  heat.  Chauge  of  coui|K«tlioii,  or  ehrmi- 
eal  action,  and  heat  are  mutually  courcrtible:  a  given  amount  of  chemical 
HL-tiou  will  give  riiie  to  a  curtain  delluitu  amount  uf  heat,  which  quantitj 
of  ht'at  mu.st  In.'  dirtnttly  or  iudirectly  expended,  In  order  to  revL-rse  or 
undo  tiie  chemical  action  that  bos  pnfduced  it.  The  production  of  heat 
by  chemical  action,  and  the  deUntte  quantitative  relation  iH'tween  the 
amoontof  heat  evolved  and  the  (juautity  of  chemical  action  which  taken 
place,  are  roughly  indicated  by  the  facts  of  our  most  familiar  expcrienoe ; 
thuM,  fur  imttance,  the  only  practicall/  important  methoil  of  producing 
heat  artilloially  vousifltfi  in  changing  thu  elements  of  woorl  and  coal,  together 
with  atmospheric  oxygen,  into  ciLrbon  dioxide  and  water  ;  and  every  one 
knows  that  the  heat  thus  obtaiuaMe  from  a  given  quantity  of  coal  If 
limited,  and  is,  at  least  approximately,  always  the  same.  The  accuratfl 
meadurement  of  the  quantity  of  heat  produced  by  a  given  amount  of 
chemical  action  iji  a  problem  of  very  great  liifTicuUy  ;  cliietly  lH<caustt 
chemical  clianges  very  seldom  mke  place  alone,  but  are  atmout  always 
accompanied  by  physical  changes,  involving  further  calorinietric  effecta, 
each  of  which  requin-a  to  be  accurately  measureii  and  allowed  for,  hi'fore 
the  ellect  due  to  the  chemical  action  can  be  rightly  estimated,  Thu»  the 
ultimate  result  haa,  in  most  cases,  to  \>e  dedutHxl  from  a  great  munlter  of 
indei>endcnt  raeaaurcments,  each  liable  U)  a  certain  amount  of  error.  It 
ia,  therefore,  not  aurprising  that  the  resultaof  various  experiments  should 
dilTcr  to  a  comparatively  great  extent,  and  that  some  uncertainty  should 
still  exist  as  to  the  exact  quantity  of  heal  oorrespondiug  with  even  the 
simph^st  oaatMi  of  chemical  action. 

The  experiments  are  made  by  inclosing  the  acting  anhstanres  In  t  to»- 
sel  called  a  calorimeter,  surrounded  by  water  or  nuTcnry,  the  rise  of  t^-m- 
pcralure  in  which  indicates  the  quantity  of  hcnt  evolvi-d  by  the  chemical 
action,  after  the  necessary  o<»rreetion8  have  been  made  for  the  heat  al>- 
sorlnxl  bv  the  enntaining  veaael  and  the  other  parts  of  the  apparatus,  and 
for  the  amount  lowt  by  radiation,  etc.  Combustions  in  oxygen  and  chlo- 
rine are  made  in  a  copper  vessel  surrounded  by  water  :  the  heat  evolved 
hv  the  mutual  action  of  liquifls  or  rlissolved  snlBtanci^s  ia  estimaterl  by 
means  of  a  smaller  calorimot<»r  eontaining  mercury.  The  coustruetion  of 
thet-e  instruments  and  the  method^  of  olwervation  involve  details  which 
ari»  Iwvond  the  limits  of  this  work.* 

The'  followine  table  gives  the  quantitieR  of  heat,  expressed  in  heftl- 
unlta.f  evolved  in  the  eotnbustinn  of  various  elements,  and  a  few  oom- 
p-MiniU.  in  oxvpen,  rcferriNl  :  (1)  to  1  pram  of  each  »n>i8tane«  bnrnwl  ; 
(2)  to  1  gram  of  oxygen  oonaumed  ;  (3)  to  one  atom  or  molecule  (ex- 
pressed in  grams),  of"  the  rarlona  aahstoiiccs  : —  ■ 

•  RreMlIIrr'nrhcmleal  Physics,  pj»  .t:is.  rt  ir?.,  snd  Witlii'*  r>Irtlnn«ry  ofOhe- 
mUtrv.  tit.  2S.  103.  ^ , 

t  The  unit  of  hr«t  here  iMloiited  U  the  quantity  of  heat  rcqulrcj  to  ralie  i  gram 
of  water  from  0°  to  1"  U. 
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H6at  of  Cimimttion  ^  EUsmenturg  StAttaneeM  in  Oijigtn. 


Product. 

Unit!  of  but  aTolTAd. 

SutetuDoc. 

Byl 

Bri 

By  1  •!. 

Olwenrrr. 

(^riiin  of 

ffrum  iif 

Itl  HUb* 

4 

riubaUacu. 

oxygBu. 

•laac*. 

4 

I 

H,0 

/  33881 

l;U4G2 

4235 

33«B1 

.Andrvws. 

^drogen 

4aUB 

344ti2 

Fttvrc&  Silber- 

t^boo— 

[lUOUU. 

Wood-chjuvoiil 

CO, 

(7WK) 

1  WIM4I 

2at;2 

3II3U 

94^00 
9lii»U0 

AndrewH. 
VaTre&  Siltwr- 

Gaa-retort  carbon  . 

II 

HI  147 

3('lb 

96504 

"[manni 

Nalir**  [frapl'tl« 

*• 

77i*7 

2H24 

935t;4 

II 

AniHctnl  grai>lLite . 

II 

77ii2 

2U11 

93144 

II 

Diomond 

(i 

7770 

2914 

93940 

i« 

ttlplmr— 

Natire  . 

St\ 

2220 

2221) 

71040 

II 

L  Recently  m^llvd     . 

II 

22m) 

22tH> 

72320 

ii 

'  Floweni 

II 

234)7 

2307 

73b21 

Andri^vrs. 

luMphoram* 

f  (YeUow) 

PA 

5747 

4454 

176157 

^ 

tne          .        .        . 

'AnO 

1330 

531*0 

H(l4r>0 

m 

tv>, 

ir)H2 

4153 

b»5!»2 

m 

in  .        •        .        . 

SuO, 

1147 

423U 

1363tfO 

m 

bppor      . 

CuO 

dU3 

2394 

38304 

m 

The  followinff  results  liav.-  li.M-n  obtained  by  tli«  wraiplctc  oombustion 
partially  uJtiJi/od  »ubst;iii<.x-p  : — _ 


Prod  not 

nnlti  of  hent  pvolred. 

BubitnQoe. 

■ub«tA,Dee. 

In  formntlun 

of  I  luoleoulc 

of  the  ultlmntc 

proilucl. 

OtMerrer 

CO     .         .         .    f 

kanooug  oxide,  SnO 
taproiu  oxid«,  Ca,0 

SuO, 

CuO 

/2403 
12431 

519 

25  « 

G7284 
6&064 

60584 

18304 

\      W'rmann. 
Audrewtf. 

K 

11 

The  laat  iUrt^e  HalMtniiccft  in  this  table  contain  t^xAClly  half  oa  much 

lygt^a  as  tlit-  cmtpluti'ly  Qxidiz^  pnxIucUs  :  and  uii  cuiiipnring  th^  aniouut 

leat  evolved  in  tho  fomiatinn  of  one  molecule  of  stnniiic  or  cuprit'oxMe 

the  oorroaponding  lowtr  oxide,  with  the  quniitity  iiriHiucttl  when  a 

>l^oul(t  of  th^  ffimw  product  is  fnrniod  by  thv  L-uinplftu  uxidatiun  of  the 

'1*1  in  one  ttpHraiinn,  wi«  (hid  that  ih«  ctmibination  of  thu  acoond  balf  of 

oxygen  contninorl  in  thi'sio  lMxLic6  evolves  scnHibly  half  as  miiub  an  Ihu 

ibination  of  the  whole  qnantity.     In  tbu  formation  of  carbon  dioxide, 
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howovor,  the  second  half  of  titp  oxygen  appeiLni  to  di'vclop  more  tlian  tiro- 
tbirds  of  the  total  amount  of  heat;  but  thia  reHult  in  probably  dnu,  in 
part  at  U*a.**t,  tu  thu  fact  that  wlieu  carUm  in  buruvd  into  carbon  dioxick', 

&  oonHultTaltlo  bnt  uukuuwn  quuntitjr  uf  heat  is  ejipcnded.  iu  oonrtirliujf 

the  solid  carlwn  into  gus,  and  thu^i  i'iiea]>oH  moasuri'ment  ;  while^  in  caVj^f 
bon  monoxide,  tltu  carbon  alruad/  vxiHta  in  th«  gnsc><Mis  formf  and  thi-r»^| 
foro  no  portion  of  the  hi'ut  evulve*!  in  thu  combualiuu  of  this  suhtttauce  Is 
aiinilarly  ex)H'udod  iu  producing  a  change  of  »tiit«. 

It  sriimrt  prohahlc,  aUo,  that  a  similar  explanation  may  be  giron  of  thu 
inetiualitieu  in  the  qnautitiea  of  heat  produeed  by  Iho  eonibustiuu  of  dif- 
ferent vnri(*ties  of  pure  carbon  and  of  siilphur-^tliat  is  tu  say,  tliat  a 
portion  of  the  h(!at  generated  by  tlie  combustion  of  diamond  and  graphite 
goes  to  assimilate  their  molecular  condition  to  thai  uf  wo^jd-chorcoal,  and 
that  thero  in  an  analogous  expenditure  of  htwt  in  the  oombudtioQ  of  uatir^H 
salphur.  ^H 

The  quantities  of  heat  evolved  in  the  comliination  of  chlorine,  bromine/^ 
and  ioitine  with  other  elenmntrt  have  Ufn  deterniinwl  by  Kavre  and  Hil- 
bermaun,  Audrows,  and  othuni ;  but  wo  muut  refer  to  larger  wurkis  for  tlia^ 
reanlte.* 


^ 
^ 


Uractiana  in  Presence  of  Waier. — Tlie  thermal  effect*  which  may  re» 
from  the  reaction  of  ditferent  Hal>t?tanc<.'fl  on  one  another  in  pre,sen<.-e 
water,  are  more  complicated  than  tbrac  resulting  from  direct  combination^ 
In  addition  to  the  diiferent  specitlo  )ieal«  of  the  re-ageutu  and  products,  and 
to  the  dtirereni  quanlitiea  of  beat  abHorln:d  by  them  in  dissolving,  or  given 
out  bv  tliiMii  in  cumbiuing  with  water,  thu  cunviTHiou  uf  »oluble  aubbtaneea 
into  insoluble  gni.-s,  aa  a  cuniietjucncc  of  the  chemiail  action,  or  the  inverse 
change  of  imiolublo  Into  Bohiblu  Utdies,  are  among  the  secondary  causes  to 
which  part  of  thu  valorimetrio  ell'ecl  may  be  due  in  tbv^e  cases. 

Whuu  a  gaa  dissolves  in  water,  the  heat  du«  to  the  ehemical  action 
angmonted  by  that  duo  to  the  liquefiLction  of  the  gas  :  bo  aUo  when  a  ao! 
body  iA  diaaolved  in  water,  the  total  thermal  elfcct  ia  due  in  part  to  the 
chemical  aution  taking  place  betwm>n  tbe  walt'r  aiid  the  solid,  and  in  jMirt 
to  the  liquefacHuu  of  the  substaucu  dlsbolvt.'d.  In  the  furmer  caao  the 
chemical  and  physical  parts  nf  the  phenomena  l>oth  cause  evolution  of 
heat;  in  the  latter  case  the  phytiical  change  oooasions  disappearance  of 
heat,  anil  if  this  effect  is  greater  than  that  due  to  the  chemical  action,  the 
uUimnto  effect  ia  the  production  of  oohl,  and  it  is  this  which  is  generally 
observed. 


I 


Cold  produced  by  Chemical  Veeomposition.-^t  ia  highly  probable  that 
thermal  effect  of  the  reversal  uf  a  given  chemical  action  is  in  all 
eqnal  and  opposite  to  the  thermal  effect  of  tbat  action  itself.  A  direct 
consequence  of  this  proposition  is  that  the  »eparation  of  any  two  hodirs  u  lU- 
tendeti  with  tht  absorplton  of  a  tfunHlitt/  if  hetU  equal  to  that  u-hich  ts  etWe«/  in 
their  cointination.  The  trath  of  this  deduction  has  been  experimetitnlly 
e(4tablishe<l  in  various  eases,  by  W*)x>d,t  Joule, J  and  Favre  and  tfilbennnnn, 
by  comparing  the  beat  evolved  in  the  electrolysis  nf  dilute  sulphuric  aeid, 
or  solutintLs  of  metallic  salts,  with  that  which  is  develojied  in  a  thin  metal- 
lic wire  by  n  current  of  tlo-  same  strength  :  also  by  dunparlKon  of  the  heal 
evolved  in  processes  of  combination  areoinpanii'd  by  Hiuniltunoous  deoom- 
pc«ition,  with  that  evolved  when  thu  same  combiiuuion  occurs  between 
free  elements. 

By  determining  the  heat  evolved  when  different  metaU  were  dissolVed. 


•  WnttB*!!  nirtlonafy  of  rbemlitrr,  Ui.  t09. 
t  PhlL  JhUg.  [I]  li  Aw  I  IV  S70. 


t  IbUI  tu.  m. 
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water  or  dilnt«  Acid.  WtNkl  fouud  that  it  wns  less  Ihan  that  which  would 
protlucul  hy  the  dinvt  oxidation  of  tho  autae  lot'talo,  hy  a  quantity 
|uaI  to  tliat  which  would  \mb  obtained  by  burning  tli(*  hydrogi-n  6t<l  fr***}, 
which  was  oxi^t-iided  in  decora puaiug  the  watiT  or  acid  ;  and,  therrlurp, 
it  whcu  thiri  latter  quantity  w«fi  adtifd  Up  tht*  rc^iilta,  they  agreed  with 
QUiub«ni  given  by  expertmuutb  uf  dirt^l  oxiilaliun. 


KLECTBO-CHEMICAL  DECOMPOSITION 
VOLTAIC  PILK. 


CHEMISTRY  OF  THB 


WsRK  a  Tolt&ic  current  of  oonHidurablo  power  i»  uimle  to  trarorse  various 
Lpouud  liquids,  a  reparation  of  the  elcmt.'iitfl  of  thea«  liquida  ennuca : 
'ided  that  the  liquid  be  capable  of  conducting  the  ourreut,  ita  dt.*oom- 
dlion  almost  alwavH  foUuwti. 

le  elfin^ntB  are  disengftpt-d  solely  at  th«  limiting  aurfacra  of  the  liquid, 

tere,  accurdiug  to  tlie  couuiiou  mode  of  speech,  thu  current  enters  and 

ivrt  the  latter,  all  the  iuleniHMiiate  jwrtitma  appearing;  perfectly  qtiiea- 

it.     In  addition,  the  i'lemi:nlj)  are  not  Keparat<-<1   indilfiTfUtly  and  at 

tndom  at  th**!»e  two  uurfatvti  \  but,  on  the  contrary,  make  their  appt^or- 

icv  with  perfect  oniforuiily  and  constancy  at  one  nr  tlie  other,  acoonling 

their  chemical  character,  namely,  oxygen,  chlorine,  iodine,  aoids,  etc., 

the  Hurfuce  connecteii  with  llie  cuftfcr,  or  jtositive  end  of  the  l»nltery ; 

Irogen,  the  metaU,  etc.,  at  tht*  surloce  in  connection  with  the  xincy  or 

ittfe  extremity  of  the  arran^emi^nt. 

le  tunuiuatioud  of  the  battery  itself — iiflually,  but  by  no  means  necea- 
ily,  of  metal — are  dnsl^nati'd  poleu  itr  elfftroiifs,*  as  by  their  interven- 
m  thti  liquid  to  bu  ex|».'riiuenled  on  i:t  made  a  part  of  thi<  circuit.  The 
ih:*:aa  of  decomposition  >jy  the  current  is  calli'd  eli'ctruf^nt^\  and  tho 
[uidH  w  hich,  when  ihutt  treated,  yield  up  their  uleiuuntfi,  are  denoniinatdd 

ben  ft  pair  of  platinum  jrlatea  are  plunged  into  a  glass  of  water  to 
iicb  a  tvw  drops  of  oil  of  vitriol  have  been  added,  and  the  platea  oon- 
jled  by  wires  with  thu  extremttiee  of  an  active  battery,  oxypeu  ia  dis- 
;aged  at  the  positive  electrctde,  and  hydrogen  at  the  negative,  in  tho 
oportion  of  one  measure  of  the  former  to  two  of  thu  latter  nearly.  This 
Eperimpnt  haa  already  been  deM*ril*«d,t 

A  sulutiou  of  hvdroohloric  acid  inixfd  with  a  little  Saxon  blms (indigo), 
d  treat.d  in  the  same  raannnr.  yields  hydrngen  on  the  negative  aide  And 
doiirie  on  the  ptwitive,  the  indigo  there  bei:<miing:  bleaclieti. 
J'otaasiuiu  iodide  dutolved  in  water  is  decomiK)e»Ki  in  a  Kimilar  nmnner  : 
frt*e  iwline  at  the  pot»itive  side  can  he  rec<ignijie<l  by  its  biuwn  wjlor,  or 
the  aihiition  of  a  little  geUtinnns  starch. 

liquids  are  not  I'lectrolyleri  ;  many  refuse  to  oonduot,  and  no  decom- 

lition  can  then  occur  :  abvliol,  ether,  numenma  essential  oiU.  atid  uthe^ 

dneta  of  organic  cheuii-^try.  In-sidef*  a  ffW  Baline  inorganic  compounds. 

It  iu  iliia  manner,  and   completely   arrest   the  current  of  a   powerful 

ittery. 

One  of  the  most  important  and  indlspens&ble  conditions  of  electrolysis 


I 


From  ■*«T^,  Kiid  !/«,  a  way. 
t  i'nim  »A«iw».  and  Atfur,  to  loose 
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is  fluftlity  ;  liodhii  wliioh,  when  redaced  to  the  liquid  state,  oondnot  fr 
iinJ  na  frooly  suffer  dot^mipiK^itJAn,  liHcoutH  inmilaUirB  tn  Ibeflwlricitv 
tliw  batU'ry  wlam  lln'y  Ihh-imhu  solid,  Loail  chlurltlt-*  "Uore  a  gnod  illus 
liou  of  this  fact :  when  lu^tnl  in  a  pr)rc*fltiin  crucible,  It  >!ive«  up  its  ©1 
meittH  Willi  the  utmost  ca.")-.  and  n  giilvHiionu'tor,  intt^rpuscii  \u  thu  circuit, 
ifl  strungly  iUft'ctu<il.  ]:{ut,  wlieii  thi-  source  nf  beat  is  nithilrawu,  HUd  the 
■lit  snlferMl  to  Holidifv,  sigui}  of  deixiui[KiAilii)n  coast*,  and  at  thn  same 
Sunneut  thu  uiuguetic  iicedlu  remutuiues  its  natural  pusitiuu.  In  the  sjuue 
manner,  tae  Ihinntiwt  film  of  ice  arrc^tUH  tlie  current  of  a  powerful  volt&iu 
Apparatus;  but  iho  lustauc  the  ice  is  liquetivd,  hu  thai  water  comiuuiiirA- 
tlvii  i»  re»iured  between  the  electnNle;*,  the  current  aguiu  paiuier«,  and 
d0Oi)mp(Mitiou  occurii.  Fution  hy  beat,  and  solution  in  aqnoous  liijuidn, 
answer  the  purpose  <>quall,v  well. 

UeueritUy  speaking,  eoinpouml  liquids  couiiot  conduct  the  electric  cur- 
rent wiliiout  being  decompuifed  ;  liut  still  there  are  a  f«-w  exceptions  to  this 
Statement,  which  perhaps  are  nioru  apparent  limn  real.  Thus,  Ilittorf  Uhs 
ahowu  that  fused  silver  sulpliide,  wlucb  wa«  furux.rly  regarde<l  oa  one  of 
the  exceptions,  cannot  l)ti  considered  to  bu  bo,  and  tieeU  baa  aincc  proved 
the  aaiutf  to  be  the  cnite  oa  rej^nrds  nifrciiriu  ioilide  aiid  lead  tluorido. 

The  quantity  of  any  given  eouiponnct  liquid  wUich  can  be  decomposed 
by  any  yiven  eleetric  battery,  dcjiendw  un  the  rejii«l«nci;  uf  tlie  liquid  :  tlio 
more  r^<«i»tan(:e,  the  lutts  d<1Ullll|Kl^itilln.  IM>lilIed  wnter  Iiom  ouly  a  small 
power  of  conduotiuu,  and  is  iherelure  ouly  slightly  decouijjoticii  hy  u  battery 
of  30  to  40  pair^  ;  whilst  diluted  sulphuric  ncld  is  oue  uf  the  best  uf  il 
conduutors,  au<1  nnilergous  rapid  dtjcuaijHiHitiun  liy  a  hiuuM  ImLtery. 

When  a  liquid  wbiuU  caii  bo  decomposed,  and  a  galvanometer,  are 
oludvd  in  the  circuit  of  au  uleutriu  current,  if  the  needle  of  the  gnlvano^ 
meter  be  delleutotl,  it  may  be  always  assuioeil  as  oertain  that  a  portion  of 
liquid,  bearing  a  proportion  to  the  strength  of  the  current,  is  decomptisedf 
althnugh  it  may  bu  impossible  iu  many  caries,  without  special  ouutri%'- 
anc-e«i,  to  detect  thu  products  of  the  decoutpodiliou,  uu  account  of  their 
minuti'Utsss. 

The  metallic  terminations  of  tho  battery,  the  poles  or  electrodes,  hare, 
in  themselves,  nothing  in  the  shape  of  attraolivu  or  repulsive  power  for 
the  elements  sepuratetl  at  their  surfaces.  Kinely-divided  metal  but^peuded 
iu  water,  or  chlnrine  held  ill  solution  iu  that  Liquid,  shows  not  tho  least 
Bympi4im  of  a  tendency  to  accumulate  around  them ;  a  single  elemuut  is 
altogether  unalfeeted — iiir>vtly,  ut  leiLst ;  separation  from  previous  cum bi- 
nation  ia  r<>«itiired,  in  order  that  this  apjH^arani-e  should  l>e  cxhibiltHl. 

It  is  necessary  to  examine  the  process  uf  electrolysis  a  little  mure  closely. 
When  a  portion  of  hydrtwhloric  acid,  for  example,  is  subjecteti  to  decom- 
pc»itian  In  a  gliLss  vessel  with  parallel  sides,  chlorine  is  dLscngageti  at  the 
pusitivu  electrode,  ami  hydrogen  at  tho  negative  ;  tho  gases  are  perfectly 
pure  ami  numix*Hl.  If,  while  the  decomposition  is  rapidly  proc4<vding,  the 
intervening  liquid  be  i>xamined  by  a  beam  of  light,  or  hy  other  niean<t, 
not  the  sltghtesit  dtsturlKince  or  roovoment  of  any  kind  will  be  perceiveil  ; 
DoUiing  like  currents  in  the  liquid,  or  Iwdily  transfer  of  gas  from  one  part 
to  another,  can  be  detectiNl ;  and  yet  two  portions  of  liydnxdihiric  ncidf 
wiparatwl  perhaps  by  an  interval  of  four  or  live  inches,  may  be  respectively 
evolving  pure  chlurino  and  pure  hydrogen. 

There  is,  it  would  seem,  but  one  mode  of  explaining  this  ami  all  similar 
cast«  of  regular  electrolytic  decomixwition  :  this  is  by  jwsuming  that  aii 
the  particles  uf  hydrochloric  acid  iM^tween  th«  «]Ht<trn<lus,  and  by  which 
the  current  la  conveyed,  ftimnltaiif'     *         "       '  iuon,  the  liyd 

gen  travelling  in  one  dinr<iion,  and  lier.     The  ni'ig 

boring  ebMuents,  than  brought  inlt**.  .-    j.--* .,  i...,ie  and  repriNUn 

hj^inwhUftiv  add,  again  tlt^tined  to  \m  dfNX*io|Ki0od  by  a  repetition  of 
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it.  change.     In  this  mannrr  «ach  pArticlo  of  hyHrofrt^n  may  bo  xande  to 

ivt'l  iu  uUtf  directkin.  by  UM.<uiiiiii>;  Bucc^ttnivi*]/  uiiit«d   tu  «Aab   iiartirlH 

rliloriiit*  tirtW)H'ii  ilAflf  ami  tKi*  nr^ativv  cliMtnxlo  ;  when  it  root'lim  lliv 

Qndiiig  no  (lisriijj;a^<-*il  parlicK*  of  clilurine  fur  itH  rccHptiou,  it  1b  re- 

I   it   vrcr**.  fnnu   tlir  »L*ri«*»,  iitifi    tlirciwn   uttf  in   »  Bopnrat4<  nUito. 

ttUiiu  thing  liu[iix'iiH  t(t  rat'h  particli'  uf  cUluriUf,  wliit'li  at  the  hahio 

paittM*))  oontiniially  in   the  of>(KM)t«  dinnUion,  by  i^uutbiniit^   »ii(fceii- 

lircly  with  ra^'h  parti<-'lo  of  h/iin>gi*n,  that  uunieiit  «4.*p&ratud,  with  which 

uk<>trts.  until  »t  U;ngih  it  BrriviM  at  the  positive  pUtc  or  wire,  And  i» 

"iigiiK*^!*     A  xuco'Hxiun  of  |iarticlea  of  hydrogen  ii  thtm  oontinuAlly 

iwn  itiT  from  Oih  ib'c^trufxtgin^'  iiiai^i)  at  one  cxtretutty,  auil  a  corrtmjMtnd- 

ig  »uccoHsion  of  ]iarti>li'?t  "f  cJilorinL*  at  Iht-  dOuT.     Thu  powiT  of  iUv  ciir- 

iiit  u  exerUid  with  I'ljuol  cuiTgy  in  every  juul  of  the  liijuid  conductor, 


Hydrochloric  add  In  Iti  tuual  ■tate. 

ionf;h  its  offvcH  iMH-mino  nmnifodt  r)nly  at  the  very  extremities.    Tlie  action 
one  of  a  partly  molecular  or  internal  nature,  and  tho  metallio  tvrmiua- 


Hydrochlorle  add  anderfolDg  eleetrolyils. 

of  tbfi  Inttery  nicruly  gorro  the  pnrpoM  of  compbding  ibeconttrotfon 
»twM>n  thf*  latter  and  the  Ijqnid  to  be  deoompoavd .  The  figiir*^  137  and 
\ii  arr  int)'nd**d  to  nnsiaX  tht>  ima^'inntion  of  tho  render,  who  uiiist  at  tho 
II*  lini.-  avoid  rrpiirding  thcni  in  an^'  idhor  li>ihl  than  that  of  a  »onie- 
rhat  fiifiirative  mo-ii'  of  rrprfAiMiting  thii  phi'iiouitina  dt!«(Til>t*d.  The 
reli<si  artf  intendt^i  to  inilicate  the  elc*uieut«,  and  are  diatiiiguitthed  by 
irir  ri'A]if«*tivo  HyinUiU. 

Like  hydroohloric  acid,  all  elci;trolytes,  when  acted  ou  by  electricity,  are 

dit  into  two  orm)ttiti]*<ut(i,  which  pasa  in  opjKwite  directions.    Sulwtauoes 

the  one  riafts,  like  oxygen,  chlorine,  etc.,  are  erolvwl  at  the  ponitive 

•trodu :  thosf  of  tho  otlier  class,  Uko  hydrogen  and  tho  metals,  at  the 

ratiro  cli'drrnle. 

It  ii»  of  ini;Hirtnnce  to  remark  that  orypen-saltif,  ftnrh  an  snlphatefi  and 
Itrateti,  whun  nrt**»l  on  by  tho  current,  do  not  divide  into  acid  and  banio 
Jde,  bii),  nfi  l>Anii>ll  and  Mill«>r  proved,  into  metal  and  a  coinpoand  snlv 
tnoe,  or  prt>up  nf  flem'^nta,  which  in  tranHfcrred  in  Huoh  a  utate  of  hsbo- 
ition  that,  oh  ri>^nrda  Its  electrical  behavior,  it  rppresmtH  an  elcmont. 
in».  cnprie  ttulpbativ  CuSO,,  itplitt;,  not  into  S<*,  ami  t'uO,  bnt  into  mo- 
ll io  copper  and  Bulfihitmf^  80^,  (lydmjren  RUlphate,  or  Bolpburic  acid, 
^K),,  divider  into  IIh'  Hann»  eompcmnd  prroiip  and  hydrojicn.  In  a  einiilar 
Iso,  till'  part  of  thti  ♦■ItM-tmlyte  whirh  paisws  to  tlic  ni'^-ative  polo 
uhIsI  of  a  ^iroMp  of  clcmtMitrt.  A  solution  of  fiul-nninioniao,  NH,t'l, 
n  boautiful  instance  of  this  fact,  «inc<»  it  is  <b't*omi»<tfted  by  VUft 
Lt  in  flQtih  a  manner  that  thn  ammonium,  NU^,  gocft  Vo  VVifi  we^iiVV*^ 
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pole,  whfTo  it  IK  resolvwl  into  ammonia,  NH„  and  fret)  h^drogmi,  and 

c'hloriiK*  to  tbo  positive  ]>ulu. 

A  diatinclkiii  tuuHt  be  earefuHy  drawn  between  true  and  mpiilar  <»loc 
I^bU,  ami  what  in  cAlltsi  Hi't-oiulnry  di'conipa&ition,  brniiffbt   iilx»ul   hy 
reaction  of  the  Ixxlit^  po  eliujinattHl  uiKin  tho  Burrounding  liquid,  or  ufMn 
tbo  fiubdtauc*}  of  tbtr  «lectrtMltii :    lieiice  tlie  adTaniagi*  of  ))l]itinum  fur  tbe 
latter  puri>ofto,  wbnn  clt'ctrolytip  actions  are  to  htf  BtU[tii<<l  in  their  grcati-; 
fituiplicity,  that  luL'tal  U'lug  h(.'-arivly  attacked  by  any  ordinary  ajicnl 
When,  for  oxoiupln,  a  solution  of  lead  nitrat<»  or  acrt'talt*  in  ilitHinipo^ed 
the  current  bctwi'ou   platiiiiini  jilatcs,  uiftallic  loud  is  dt*p(ibiti.<4l  at  th< 
negative   side,  ami  a   brown    [k)W(Ut,   lead  dioxi'lr,  at   tho  ]jnt4ilivu:    tha 
latter  subetance  is  tht>  roHult  of  a  s4H*ondary  action :   It  pr<ico<-dH,  in  fai-t, 
from  the  naaceut  oxygt^n,  at  the  moment  uf  itn  liberation,  rfactinf;  njKin 
th«  monoxidt!  of  teail  proAi^nt  in  tbv  »nlt,  and  coutrertin^  it  iiibt  dioxido. 
which  i&  iiii^uluble  in  the  dilute*  ueid.     When  nitric  acid  ii  deoonii>os<'d.  no 
hydrogon  apiwart;  at  the  ne};ittive  »*leeliiKie,  bocaUHe  it  'i»  oxi<iiztxi   at  th^^H 
<'X|H-nse  uf  iht'  acid,  wliii^b  in  reduco^d   to   nilrmi^i  arid.     Wlien  ikiUabIuio^H 
sulphate,  K,SO„  in  ^lectrolized,  liyrlrogeii  appears  at  the  nej:ativo  irK-ctrodeT^^ 
together  with  an  equivalent  quantity  of  puttiMsinm  hydroxide,  KUO,  be- 
cause the  pulaHsium  which  in  evolved  at  the  electrode  imnn-diately  (lecuro- 
poseu  thti  water   tlieru   prevent.     At   tho  satDo   time,  the   sulphione,  t^>|, 
which  is  transfernii  to  the   positive  electrode,  takes   hydi-opeti   from  the 
water  there  present,  forming  sulphuric  acid,  11,S0^,  and  liberating  oxygen. 
In  tiku  mauuur  hydru(<en  8uljdiate,  or  sulphuric  acid  itself,  is  ruaolved  by 
the  current  into   hydrogen   and    Hul|»hiom?,  which   latter  docom^wwes   lh« 
water  nt  tho  positive  cdectrode,  repnMlucing  hydrogen  hnlphate,  nnd  lil>e- 
ratiug  oxygen,  just  as  if  the  water  itself  were  dii-eclly  deconipf»sed   by  tho 
current  into  hydrogen  and  oxygen.     A  similar  action  takes  place  in  th< 
electrolytic  doeomp^^sition  of  any  other  oxygen  salt  of  an  alkali-uietal, 
alkaline  earth-metal,  alkali  and  hydrogen  gaa  making  their  aitpearauov 
the  negative  eleetrode,  acid  and  oxygen  g&B  at  the  positive  oleutriMie.    Thi 
obaervation  explains  a  circumstance  which  much  perplexed  the  earlier 
experimenters  upon   tbi>  chemical   action  of  the  voltaic   battery.      In  alt 
experiments  fn  which  water  was  decomposed,  Imth  aeld  and  alkali  were 
lilierated  at  the  electrodes,  even  though  distilled   water  was  employed: 
and  henc«  it  was  lielieved  for  some  time  that  the  voltaic  current  had  som« 
mysterioaa  power  of  generating  acid  and  alkaline  matter.     The  true  soui 
of  these  compiDunds  was,  however,  traced  by  Davy,*  who  showed  that  tin 
proceeded  from  impurities  either  in  the  water  itself,  or  in  the  vessels  whh 
contained  it,  or  in  the  surrounding  atmtwphere.     Having  jiroved  that 
dinary  distilled  water  always  contains  traces  of  saline  matter,  he  re«li»lilh 
it  at  a  temperature  below  tbe  boiling  point,  in  order  la  avoid  nil  risk 
carrying  over  salts  by  splashing.      He  then  found  that  when  marble  vu\ 
were  naod  t/>  contain  the  water  used   for  decomposition,  hydrochloric  neil 
appeared!  at  tho  positive  electrode,  p<Mla  at  tbe  negative,  both  being  d«riv< 
from  sotiium  chloride  present  in  the  marble;  when  agate  cups  were  nsed, 
he  obtaine<l  silica  :  and  when  he  usetl  gold  vei^sela,  he  obtained  nitric  acid 
and  nnimonia,  which  he  trace<l  to  atnint<pherio  air.     By  operating  in  a 
vacuum,  indeed,  the  quantity  of  acid  and  alkali  was  reduced  to  a  mini- 
mum, but  tho  de<H>nip(>sitinn  was   almf)st    arrefitixl.  although    he  operatfd 
with  a  buttery  of  Hfty  piitrs  of  4-iueli   plati***.      Hence  it   is  maniffsl   that 
wattr  ii»r.l/ is  not  an  thctroitjlf,  but  that  it  is  enabled  to  convey  the  current, 
if  it  contains  only  traces  of  saline  matter. t 

D^nitt  Chemiral  Arttnn  of  thf  FJrctrir  Currtnt. — Tf  a  number  of  diden 
eteclrolyttis,  such  as  dilute  sulphuric  acid,  oupric  sulphate,  (M>tas5iu 
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!o(11d«»  ftuetl  lead  ohturide,  etc.,  Ut  mrrnn(;v<l  In  a  M«rio«,  and  th«  Mine 

I  <  i  ^    made  tu  travt-rei*  tht*  wlir)l<t,  all  will  sutfcr  (leL'ODi|ioeUion  nt  the 

•  f>nl  tiv  uo   tiK'Uhri  to  tht*  Ntttiii-  aniuuiit.      If  nrrani^fniHutu  \*e 

Ut-i-.  >j  ^-iiii'h  ibi?  quiuititit^  of  tlir  olitiiiuntf^l  rlfiiifiitJi  lAii  In-  arL-urui«)jr 
tMcfft&inwI,  il  iriU  be  lomul,  when  llio  d»*t'«iiup<»sition  hws  pnxN;»'d**d  to 
tamt  «xU<nt,  ibAt  Ibt^e  UKvr  haro  U-vu  riiii*<ii^agt«i  eiai'tly  iii  tho  ratio 
^  tjktir  diemifoi  t^HiruUHlt.  Tbc  saine  cniTKnt  whii-h  dcLompfiaeit  tt  parls 
Of  water  will  A^paxat**  into  their  e)«*uii'iiu  lti6  intru- of  jMna&slaiu  ioiJidc, 
139  }>arU  of  lead  uliloridr,  etc.  Ilt'ncv  the  vvry  inifKirtaiit  conclusion: 
The  nriion  of  thf  ntrrmt  U  jirrfectlif  Hrjinite  in  tt*  tuiturr,  t/rtHtuniiq  njiirti  ntui 
Canxtant  ituumiU  of  tlteompontiimf  cxfrt*Mtd  in  each  eiertmlytf  Ay  tke  vaiue  of'  itt 

Krnni  n  rtry  extended  Fii«ri(«  of  vx]>criuii_'nt8,  bftHt'd  on  thtfl  and  other 

nethixla  uf  rcHoarcli,  Faraday  woa  eiiablfil  W  ilruw  tbr  gt'neral  Inferenoe 

that  i.*Ifrctd  of  chemical  decvun position    aro  nl«rny>   firnportionate   to   the 

Quantiiy  of  circulating  electricity,  ami  may  he  tnkcn  as  an  accurate  and 

UntMiworthy   muasure  of  thu  latter.      Guided    by    thiH   highly   important 

}•  ;,>'  (iin!ttructf.*d  hin  mftiimrtrr,  an  iu»truuii^i)t  which  haa  rendered 

t.  '  !<orvlce  to  electrical  Hcienee.     This  is  merely  an  arr&ngemeiit 

h}   -  ••"  >>  4ilate  sulphuric  aciti   iii  dt-cninfiofted 

llj  111.'  rurrt'iit,  the  gas  ev-olrnii  Im-Iii^  ctrMi-rtM  Flf.Uft 

id  nica&uriHl.    By  placing  9u>:h  an  iuKtrument 

•Jiy  part  of  the  circuit,  thn  quantity  of  elec- 

io  fonr  UiH^UBsary  to  pnKluce  any  giren  effect 

b«  at   oDc«   estimated  ;    or,  on   the  other 

id,  any  rcqaire«l  amonnt  of  the  Inttrr  c^n 

t,  A«  It  were,  meoaurtyl  out  and  adjuKted  to 

object  in    view.      The  voltauietrc   liaa  ri»- 

ired  many  different  forniit :  one  of  the  moat 

[tennively  UM'ful  is  thai  »liown  in  11);.  lii\i,  in 

lich  the  platinum  pUt.'it  are  fteparattrd  by  & 

ry  small  interval,  and  the  fian  in  wUected  fn 

graduateirl  jar  standing;  on  Ur-  »helf  of  the 

leumatic  trfmgh,  the  lul)e  '»f  (In*  instruinfnt, 

lich  isfilltid  to  the  neck  with  dilute  Kulpburio 

I,  b«ing  potiat'd  bi>neath  the  jar. 

The  decnmpofiitionfl  prrxhic^'d  by  tho  voltaic  battery  can  be  effeotml  by 

|«  vlwiricity  of  the  cumiuon  machine,  by  that  developed  by  magnetic 

tion,  and   by  that  of  animal   origin,   but  to  an  extent  incttnipnrably 

»re  minute.     This  ariaoa  from  the  very  small  y«i«/i/y  of  eki-trit  ity  set  in 

il)f>n  by  the  machine,  although  its  /rnWon^tbat  is,  power  of  overciiming 

itacbra,  and  paj>i»ing  ttirough  imperfect  onnductor^—iH  *'xc<*r*lingly  great. 

pair  of  «niall  wires  of  zinc  and  platinum.  dij>ping  into  a  Hln;;le  drop  of 

lut*^  aeid,  dev.do[»H  far  intire  electricity  >  to  jiulj^e  from  the  cheuiieal  effects 

fiuch  an  arranLri'iii-*nt,  tliaa  very  mauy  turns  of  a  large  plate  electricAl 

•liine  in  iMjwortnI   notion.     Nevertlieleaa,  polar  or  electrolytic  docom- 

ition  ortu  h*>  •liHtiii'tty  and  satisfactorily  effected  by  the  latter,  although 

on  A  miaute  scale. 


* 


I 


TAwry  »f  tht  Vdtaie  Tiattirtf. — With  a  knnwle«lgo  of  the  principle!  just 
"  di'wn.  tho  Mudy  of  tho  voltaic  baltiTy  may  !«•  rnsunuil  and  completed. 
10  flfitt  platv,  twtt  vf-ry  different  views  have  Ixt^n  held  concerning  tho 
of  tho   electrical   dintiirbance   in   that   apparatus.     Volta  himself 
ribe«l  it    to  mere  i.^mtact  of  disjtimilar  metals  ar  otht^r  Hulwlances  con- 
ting    r>ti«!lrii  itr.-'-to   what   was   d«'nr>minated    an    el ertro- motive   force, 
lied  into  U-ing  by  such  contact.     Proof  waa  finppofiod  to  be  pv«n  i^ 
tUia  fuadAinoutAl  pmpoaitfon  by^  an  exporiment  lu  w Well  dv^Vft  ot  xVcwi  wA 
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Fig.  140. 
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oop(H>r  attochtMl  Lu  iusulating  ban<lle8,  after  being  bronglit  into  cluse  ocm- 
liwt,  worv  luLind,  hy  IUb  aid  of  a  wry  deliojitv  guld-lfuf  i-Un'tnwotpe,  to  l*e 
in  opputiite  Wectrioal  states,  it  appcani,  liowuvur,  tUal  the-  uioru  carefiilljr 
this  exptrrtiuent  in  made,  the  ttUiulter  is  tliv  vQvft  ulntTvud ;  aucl  bt^urt*  iL 
ia  judgtKl  biglU/  prulmbln  that  the  whulu  umy  be  due  lu  aucideut&l  ca 
agaiiwt  which  it  in  alui>>^t  impot>;>it)le  to  g^uard. 

On  th43  uther  hand,  ttie  ulMorvutiun  wjut  .<UMin  madt^  thnt  thf.'  iMtwcr  u 
hattnr/  always  bourp4  boitid  kind  uf  prupitriiuii  lu  ih**  ^h^'lIlk^Al  ncliun  ii|M>n 
tho  zinc ;  that,  fur  iii>lHUL-t%  whtru  ptu'v  waliir  iii  tutetl,  tho  v ITlvI  i»  nxtreiiu'ly 
feeble  ;  with  a  Bolution  uf  salt,  it  bct^uieti  luuoh  greater  ;  uud,  lastly,  witli 
dilute  arid,  greatest  uf  all ;  m>  that  Buiue  relatiou  evidently  exifitd  lietwcvU 
the  oheuiieal  effeet  upon  the  metal  and  the  evulutiou  uf  electrical  furee. 
The  ex(tt>rimenta  of  Faraday  oiid  DunicH  have  given  very  great  Bup 
to  the  cht'Uiical  thtntry,  hy  Hliowing  that  the  cuutavt  uf  iliAtfiuiilax  lue 
U  not  iiMcessary  tn  onler  tu  call  into  bt-iiig  |H>w>*rl'ul  electrical  currents,  aiiit 
that  the  rlevelopmcnt  uf  el(.K;trical  furce  ia  uut  uuly  in  suuie 
way  4M)nnec'ted  with  the  chemical  actiuu  uf  the  liquid  uf  the 
hatU'ry,  but  that  it  id  always  iu  direct  prop^rtiun  to  th6 
latter.  One  very  beautiful  experimuul,  in  which  electro* 
lytic  decitiuputitiun  uf  potassium  iodide  in  perfunoed  by  a 
current  generated  without  any  cxmtact  of  disblmilar  metals, 
can  be  thus  luwlu :  A  plute  uf  zinc  iji  bcut  at  a  right  miglCp 
and  cleaned  by  rubbing  with  ttand-papcr.  A  plate  of  pla- 
tinum haa  a  wirt^  of  the  same  metiii  attached  to  it  by  careful 
riveting,  and  the  wire  ia  bent  into  an  arch.  A  piece  of 
folded  filter-paper  is  wett-.tl  with  solution  of  potassium 
io'lide,  and  placed  U]h>q  tho  zino ;  tho  platinum  plate  ia 
arranged  o[.]>o9iito  to  the  latter,  with  the  end  of  iU*  wiro 
resting  upon  the  paper;  and  then  the  pair  it  plunged  into 
a  ghisd  of  dilute  sulphuric,  mixed  with  a  few  dropd  uf  nitrlo 
acid,  A  bruwu  spot  of  iudiiie  l>ecome8  in  a  moment  cvi- 
dont  Yioncath  the  extremity  of  thu  platinum  wire — that  is,  at  the  positive 
side  of  the  arrangement. 

A  Ktrong  argument  in  favor  of  the  ohemiral  view  is  founded  on  the  easily 
proved  fact  that  the  direotion  of  the  current  ia  determined  by  the  kind  of 
actiun  upon  the  metals,  the  one  least  attack(?d  b*dng  alwaya  positive.  Let 
two  poliBhed  plate*,  the  one  iron  and  the  other  copper,  h©  connected  by 
wire«  with  a  nalvauometer,  an<l  then  immeraed  in  a  solution  of  an  alkaline 
Rulphido.  Tlin  needle  in  a  moment  indicates  a  powerful  current,  passing 
from  tho  ooppor  through  tho  liquid  to  the  iron,  and  back  again  Ihrnu.'h 
the  wire.  Let  tho  plates  bo  now  remnv..,!,  cleaned,  and  plunged  in'to 
dilute  ftotd  ;  the  needle  ia  again  driven  round,  but  in  the  opposite  direotjon, 
the  current  now  passing  from  the  iron  throuKh  tlie  liquid  to  the  o«pp..r.  In 
the  first  instance,  tho  oopjwr  ia  actwl  up<ui.  and  not  (he  -rrm  :  in  the  s.-eond, 
these  «.ndUions  are  reverstul,  and  with  them  the  dirention  of  the  current. 
I  ho  metals  employ,«i  in  tho  oonstruetion  ..f  voltaic  batteries  are  zinc  Un- 
lUo  aotivo  metal,  and  copper,  silver,  or.  tdill  better,  platinum,  for  the  in- 
active onf^:  thf  greater  thedifferenceof  oxidabllitv,  theliettertho  arrnnKe- 
ment.  Tho  liquid  is  either  dilute  iiuIiOuiric  arid,"sometiin.>s  mixed  with  a 
lillle  nitric,  or  oecatdonally,  where  very  alow  and  InnE-continne*!  action  ia 
wanted,  salt  and  water.  To  »tbtain  the  maximum  effent  of  the  npparntus 
with  the  least  expenditure  of  xinc.  that  metal  must  be  emplnved  in  n  pnre 
mate,  or  its  surface  must  Ijo  eovprtnl  with  an  amalgam,  which,  in  its  eletv 
triottl  relations,  chwely  resembk's  the  pure  metal.  The  xinc  is  easily 
brought  into  this  ccmdition  by  wetting  it  with  dilute  sniphurio  acid 
then  rubbing  a  little  mercury  over  it,  by  moana  of  a  piece  of  rag  tied  to 
stick. 


CBEUI&TRT    OF    THE    VOLTAIC    PILE.  863 

pHodpleof  thfl  compound  hnltery  1«,  per1iA|«,  twst  s«*(*n  in  Ihe 
rn  of  cn{i«  ■  l>r  cArh  jtlirriiation  of  zliic,  tliiitl,  nixl  iHip|M*r.  t)t4<  cnrrt-nt 
id  furwoTfla  with  imT<Mw**tl  •"O^rgy  ;  Hn  iiK^Udity  is  angiiH'nt4>i),  hut 
ual  aiuomi!  of  eli-itrk-.*il  fun:.-'  tlirnwii  into  tli»*  curmut  furui  in  iiwt 
d.  Tlj<*  i|iiAiiUty.  r'i*tiiiialr«i  hy  ilA  do4.HjiupiiF.iug  j^jwrr,  is,  m  Tjict, 
iin«<<l  by  tliat  of  ttio  siuulU-vt  and  ItMut  activt*  pair  irf  platott.  the 
itily  of  eledricity  iu  evrry  part  or  section  of  tli«  circuit  Wing  oxjictly 
|uaJ.  Ucncv,  largH  and  suiall  plutes,  battfrit^H  tttrungly  and  weakly 
iiirgMl,  vxn  nov«r  b«  oountHittvl  without  gi^jit  Um.^  of  iwjwer. 
\Vh**n  A  tifltt«iry,  either  filmplv  or  oomjK>nn<l.  cmii^triiciiHl  with  pure  or 
■d  »iuo,  i»  tliary^xi  with  tliluin  Kulphurlo  acid,  a  numbor 
'tiug  ph»'nouu-iia  may  be  otitMTvnl.  Wbili*  thv  rirruit 
the  lino  ii*  perfi-c'tly  iuactire,  no  atiid  U  d'WODiiMiHvvl,  no 
'  'i  ;  but  the  nirfuifut  the  tn>niiectJuo  ia  ooinpleted,  torrents 
I    ^,  '-,  not  frutu  tho  line,  but  fnnu  the  cop]M*r  or  platinum  Rur* 

aioni!,  whiiu  the  xinc  undifrgoi^  tranquil  nnd  ini|HTD>*ptlblo  oxidation 
solution.     Thus,  eitac-tly  tin*  Buine  elfct-ta  Art;  ittwn  to  occur  In  f^vvry 
liv*f  oell  of  a  clotted  circuit,  that  Ar^<  witm-iini'd  in  a  (>ortiou  of  Hulpburio 
d    undfrsoint;   ulcctrolyHia  :    oxygen   appvam  at  the   |Mwitiv«!  Bide,  with 
to  the  ourrenl,  and  hydrogen  at  the  negAtivi- ;  but  with  thiti  differ* 
thai  the  oxygfu.  instooii  of  U'lng  m*1  free,  annbint's  with   lh*<  ciDO* 
In  fact,  a  real   cosin  of  electrolysis,  and  I'lci.i.rolylcii  alone  are  avail-' 
>lo  Atf  exritiug  lii^uids. 

Ojiuuou  ciuo  is  very  readily  attacked  and  dlssoWod  by  dilute  Hiilphario 
;ld  ;  AJid  tbiA  la  usually  supposed  to  arise  from  tho  rorniAtion  of  a  nniUi- 
Va  of  little   voltaic  oirulcA,  by  the  aid  of  pArtielL>s  of  foreign  inrtAlA  or 
kphit«,  partialty  inilieddi<d  in  the  zinc.     I'liis  givra  rUe  in  thf«  Imttery 
^bat  ia  c4Ul*'d   IoctaI  action,  by  wliich,  in  the  ooniroon  foruis  of  appa- 
itUA,  ihree-fourths  or  more  of  the  mi'tal  is  oftt-n  con»um«l,  without  con- 
rtbutiug  in  the  least  to  the  general  vlTect,  but,  on  the  contrary,  injuring 
extc'ut.     Thin  evil  id  got  rid  of  by  AiuAlgAmatihg  the  tfurfoee. 
d  exik^Hmentii,  in  which  local  action  wan  couijib'tely  avoided,  it 
diMtinetly  pn»vf<l  that  tbo  quantity  of  t-lectricily  itct  in  motion 
by  the  batti'ry  VAric*  exActly  with  the  line  diftHolvt-d.     Coupling  this  fact 
with  thAt  of  the  dellnitw  action  of  llie  uurreul,  it  will  U*  seen  that  when  a 
p«rfoct  bAttcryof  thia  kiml  ia  employed  to  dc4'«imim«H  hydrochloric  acid,  in 
order  lo  «'Volve  I  grain  of  hydrogen   fmm  llie  latter,  32.5  grAins  of  »iue 
must   \>r  dissolved  da  chloride,  and    il«  rquivaUnt   quantity  of  hydrogen 
disengag-'d  in  each  active  e^ll  of  the  Imttcry — that  ia  to  say,  that  the  elec- 
trical fnrro  gPoerAttMi  bv  the  solution  of  an  ctiuivalent  of  xinc  in  the  tiAtlery 
la  capnbb*  of  effecting  ihe  deeomiKwition  of  an  oquivaleutof  hydtuuhlorio 
Aieid  or  Any  othtr  ehwtrolyte  nut  of  it. 

This  is  "an  ex^Mnlingly  importAnt  diBwvrry  :  it  nerre»  to  show,  In  tho 
most  striking  manner,  the  intimalo  natiin'  of  the  conrnttion  betwrn^n 
ehf-micAl  ami  electrical  for.i-^,  And  their  rcinarknble  quuntilnliveor  equivu- 
Wtit  relations.  It  alnn»t  seems,  to  uhi*  au  ixjirfssinn  of  Faraday,  aa  if  a 
transfer  of  chemical  force  t(Kik  place  tlirongli  the  «ul»tant:e  of  solid  metal- 
lic conduct.iM  ;  that  cliemic-il  a.tion-i,  called  into  jibiy  in  one  jiorlion  of  the 
ciriMiit,  «iuld  be  mmle  at  pleasure  to  exhibit  their  efl'eota  without  loss  or 
tliminutton  In  any  other. 

FJtctm^hemicai  rArorv.— Tliere  in  an  hypothesis,  not  of  r»wnt  date,  long 
A>antenAnc«Ml  and  »upiKirb*d  by  the  illustrious  BeraeliuB,  which  refen*  all 
chemical  phr»nometui  to  eliHrtrlcfil  fnrc(« — whirb  8Upi»oii»-s  that  UidicH  wan- 
bine  becanKo  they  are  in  opponite  el.Ttrical  ittati^s;  anil  that  even  the  beat 
and  light  arcnrnpanyiKg  chemical  onion  may  l>e,  to  a  certiin  extent,  ac- 
oounttd  for  in  tlii»  manner  ;  that,  in  short,  so  far  aa  our  present  knowledge 
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goefl,  either  eleotrio  or  chemical  action  inny  1»  MPUtnrtl  rb  canse  or  offi 
it  may  Iw  that  electridty  is  nitfrcly  a  form  or  luiMiillcjitiuu  of  ordi 
cheiuiual  alBnily  ;  ur,  uii  the  other  hand,  thut  all  cbetuioal  at-tion  is  a  u 
festation  of  i-lfclriral  loree. 

Tliw  rilectro-clHMiiiw*!  tlnjory  is  no  longer  roci-ivud  a»  a  tru*j  explaiia 
of  cliumtual  pht?imiii«iia  to  th«i  full  (ixtt*nt  inlonded  by  iti»  author.  Bei 
liufi,  iud«)t}d,  niippod4«d  thitt  ihc  octuilMiiing  U^ndt-nuira  of  ehmirnlif,  and  their 
fuuclioiis  in  i'ouJiMiiutd.>4,  di.'ptijd  altcgwlliiir  on  tlK-ir  i^lfctrie  jKilarity  ;  and 
accordingly  ho  dividn*!  the  flfmi-nus  iiilw  (wo  L-laa.se»,  Ihu  fli'ct  ro-poai- 
tlvo,  which,  liku  hydro^'on  and  Ihu  inftalit,  mov«  towiirda  Ibe  nifgalivL* 
pole  of  tte  bttttwry,  aa  if  Ihi^y  were  attnutod  by  it,  and  the  eluutru- 
Btfuative,  which,  liku  oxyguu,  chlorim*.  and  brooiiuc,  move  towards  thu 
poHitive  polti.  Wu  are,  however,  acquainted  with  a  host  of  phenomena 
which  show  that  tlie  chmuii-al  fttnctiunH  of  an  element  depend  u^fon  its 
position  with  regard  to  othur  elemuutd  in  a  cuupuiuid,  quitv  as  uiuch  u 
upon  ila  individual  eharauter.  Thus  c)iloriitt%  thu  very  ty|io  of  an  oleci 
negativtf  element,  can  bo  tJulmtiliLted  for  hydrogen,  one  of  th«  moet 
tlTu  of  the  eluui*;nUt,  iu  a  hirgu  number  of  eoniponiid?*,  yielding  new  p: 
dncis,  wlticii  exhibit  the  closest  aiialogy  in  c^'Fupositinn  nnd  propi*rtit-s  lo 
the  ooniiiouudd  from  which  they  are  derived.  It  in  imiKisHibie,  therefort% 
to  admit  that  tlit>  chemteal  fuiietioiui  of  UxUes  are  determinf^l  exelutfivoly 
by  their  eliH^irieal  relatioiut.  ^till  it  i«  true  in  a  geneJ-nl  way  that  thoM 
el«mtint«  wUieh  diffur  inu^t  Ktrongly  in  their  eh^ctrlenl  oharactors,  chlorina 
and  potassium,  for  «xatnpl«,  itre  Hkewiae  thoee  which  cumbiiie  l(^i<ther 
with  the  greatest  energy :  and  the  division  of  holies  into  ebs-irn-iMigilive 
and  electronegative  is  thyrefore  retuiuwl ;  the  fonner  are  also  called  acid 
or  oh loroun  ,  aud  the  latler  bnif  y  loQft  or  zincous.  j 

CoiutaHt  Bnttrries, — in  all  the  older  furnut  of  the  roltaio  battery,  such  fli 
thoae  dt^soribod  on  pAg«.-(  lit),  111,  the  power  rapidly  decnmses,  ao  that, 
after  a  abort  time,  scareuly  the  tenth  part  of  the  origi- 
nal action  remains.  Tbi»  lonn  of  power  depends,  partly 
uu  the  gra<Uial  I'hange  of  the  sulphuric  aeiil  into  xine 
Biilphnle,  but  Htill  more  on  the  coating  of  hydrogen, 
nn<i,  at  a  later  stage,  on  the  precipitatinn  of  metallic 
*  xiue  on  the  etipper  plates.  It  \a  Belf-evident  that  if  the 
copper  plati*  in  the  lk)iiiil  Itecanie  r4)vered  with  atno,  it 
would  uca  eleelrioally  like  a  line  plate. 

An  apptiratiitit  of  immense  value  for  pnrpngoe  of 
eloclro-ehemii-Al  reflearrh,  in  which  it  la  desired  to 
maiutaiu  powerful  and  equable  currents  for  many  ■ 
c^*ssive  hours,  was  contrive<l  by  the  lat*  l'rof< 
Laniell  (fig.  141).  Kiich  cell  of  thia  "  t -onstant' 
tery  iiiu>i>lB  uf  B  mpp'T  rylintler  3J  inches  in  dinnu'ter, 
nnil  of  a  height  varying  t'mm  ti  to  IS  inehes.  The  xino 
is  rmpIoye<l  in  the  form  of  n  riMl  ^  of  an  inch  iu  di- 
ameter, eurefnily  aniulgamat<^d,  anil  suspended  in  Lite 
Ct«ulreof  the  cylinder.  A  swond  citllof  porous  earthen- 
ware or  animal  membrnne  intervenes  betwe«u  the  xino 
and  the  t'^>ppor :  thi»f  is  5llorl  with  a  mixture  of  1  part 
by  measure  ut  oil  of  vitriol  and  8  nf  water,  and  the 
bxti'rior  Kpaee  vith  the  same  liqiiitl  &$atur.ited  with 
euppiT  sulphate.  A  sort  of  little  i.i)lnnder  is  fitted  to 
tho  top  of  the  cvU,  in  whirh  cry^lnls  of  the  copper  sulphate  are  pla^'tnt, 
that  the  strength  of  the  solution  may  remain  uutoipaired.  ^Vhe^  a  » 
municAtion  is  made  by  a  wire  betwtsMi  tlic  r<td  and  the  cylinder,  a  st 
current  in  produced,  the  power  of  which  may  be  iiuirvaaod  to  any  extunt 


Flf  m. 


OUJSMIBTaY    or   THE    VOLTAIC   PILl. 


2G5 


E 


iiif  ji  suffirit-nt  iiumlH-T  of  eucb  ot'Un  into  n  srrios,  on  tin*  iinnviplo 

cr<iW|]  of  t-iipK,  lltit  r^ijtiHir  i)f  lli»*  first  LN^iiig  aUiii-lutl  tu  liie  t'utc  uf 

•«x'<iutl.     Trii  »U(-h  KlL**rniition«  c(>iiK(ilut«  *  vltt  iH>Wfrfut  apimratuH, 

i**li  hu  the  great  advanta^jt*  uf  r«iumiiig  its  euorg/  axidiiumiiUiod  for  a 

tinu*. 

tlifa*  arrsngement  of  the  volinic  bftttvry,  the  aooumulation  of  h.vdro- 
and  deposition  of  zinc  on  tiie  tfurfiic**  of  tlic  vo\t\>vr  plat«  la  al(*->gt'ther 
ki«lctl  ;  Hit!   zinc  in  tU*.'  |Miruui^  (••It,  wliil»t  it  diMHulvtw  in  tb«  Hutphuric! 
dticooipoftc's  it,  but  dOi'H  not  liberattf  &n/  tivdrogt;n ;  for  by  tha  pro- 
grMS  of  tb«  decompotition,  up  Itf  ihi?  buundArj  of  the  copper  iKiIutioii,  Uio 
rdrogen  t&kca  the  place  of  the  copper,  and  thue  ultiuiali-ly  tho  copper  U 
:ipitat«d  on  the  copper  plate.     The  ooppt-r  platu  thureforu  remains  in 
loriginal  »Ut«f,  «o  long  aa  a  aufficirut  quautit/  of  oupi>«r  sulphatu  lit  pro- 

in  the  solution. 
(jr  increAsliig  thv  grnerative  and  reducing  the  antagonizing  ohomical 
lities,  Hr.  Urove  9uci.-ovded  in  forming  the  ooiiataut  nitric  acid  bnllcrjr 
which  bears  his  nauu*.  ThiM  inHlrumt'Mt  ia  capable  of  producing  a  far 
Iter  degree  of  jwwor  than  the  battL-rv  prevfooaly  mentiontsl,  aiitl  h<-noe 
tas  become  one  of  the  most  iminirtant  means  of  promoting  i'lectrie«l 
mc^  in  the  present  da/.  The  zine  dipa  into  dilute  sulphuric  arid  :  and 
tnstvad  of  a  solution  of  copper,  oonctiitrated  nitric  acid  is  used,  which  sur- 
roonds  a  platinum  platp.  It  i»  evidtrnl  that  the  elertrolvtic  action  which 
begins  at  the  zinc  pos^trs  through  the  sulphuric  acid,  ftnd  in  a  previaely 
■imilax  WAf  through  the  contiguous  nitric  acid.  Hydrogen  woahl  thu»  be 
liberated  on  the  plaliuum  plate.  Thia  action  is  not  rendered  viHi)ilp  bj 
Ihf  erolutiou  of  giia.  but  only  gradnally  liy  the  change  of  eolor  in  the 
Itric  acid  ;  for  the  hydrogen  liberatwl  by  tin*  electrical  action  forms  water 
the  expeiiBe  of  the  oxygen  yielded  by  the  nitric  acid;  and  by  this 
ns,  H>  long  OS  suflicieiit  nitric  acid  in  present,  the  purity  uf  the  surfaoo 
le  platinum  plate  in  maintained. 

ie  of  the  eelU  in  this  battery  is  represented  In  seotlon  in  fig.  242. 
le  line  plate  is  brnt  round,  so  as  to  present  a  double  anrface,  and  w«U 
amalgamated  :  within  it  tttanda  a  thin,  lint  crll  of  j^irous 
earthenware,  flllml  with  Htrong  nitric  acid,  and  the  wholes 
is  iuimersetl  in  a  mixture  of  1  part  by  uieuitureof  oil  uf 
Titriol  and  (i  uf  water,  ocmtaiiU'<l  either  lu  one  of  the 
cells  of  WoIUhIou's  trough,  or  in  a  separate  cell  uf 
[Uzed  poroelain,  made  for  the  pttrjMSe.  The  apparatuK 
jutpleted  by  a  plate  uf  platinum  foil,  which  d\\m  iiitu 
nitric  Jicid,  and  forms  the  pf^itive  side  of  the  arrant^e- 
!nt.  With  ten  Buch  pairs,  experiments  uf  deoomjiosi- 
tlon,  ignition  of  wires,  tlie  light  U*tween  charcoal  puinl-', 
CAYi  \m  rxhitiiteti  with  great  brilliancy,  while  the 
Hery  itself  is  very  compact  and  portal)le,  and.  t"  « 
ext<>ut.  constant  in  ila  actinn.  The  zinc,  as  in  th« 
of  DanieirB  battery,  is  consumed  only  whili-  the 
fnt  pasaea,  so  that  the  apparatus  m&y  be  arraugini 
an  hour  or  two  before  it  is  required  for  use,  which  is 
often  a  matter  of  great  convenience;  and  lucal  action  from 
precipitation  of  cop]>er  on  the  zinc  in  avoid^-d. 

*rofeaaor  Bnnaen  has  modified  the  Urove  battery  by  substitating  for 
platinum,  deuae  charcoal  or  coke,  which  is  an  excellent  conductor  of 
electrieity.  Ky  this  alteration,  at  a  very  small  ex|»ense,  a  battery  may 
be  made  nearly  as  powerful  and  useful  aa  that  of  Grove,  (^n  account  of 
its  cheapness,  an.v  'ine  uiay  put  together  one  hundre4l  or  more  of  Bunven's 
pells,  bv  which  the  m(Mt  maguiQoent  phenomena  of  beat  &nd  light  may  b«i 
^bUlned. 
■        23 
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Figure  143  hUows  the  form  of  th-  ruiind  carlwii  cylinder  which  is  usod 
Sn  these  celU.     It  is  hollowed  sn  ah  to  receive  a  porous  enrthenware  ('« 
in  which  a  round  plate  of  xino  is  plactHl.     The  up 
edge  of  the  cylinder  of  cart>on  ia  well  saturateil  w 
wax,  aud  is  surrounded  by  a  copper  ring,  by  meaus  of 
which  ii  may  be  put  in  oonULt'tiuu  with  lb«  line  of  the 
adjoining  pair. 

Buimvn'ti  carbon  cylloder  is  likewise  well  adapted 
the  ui»e  of  dilute  sulpliurio  acid  alone,  without  the  ad 
tiun  of  uitric  acid.     It   i^,   howevi-r,  Iwll^r  to  satur 
the  dilute  aulpliurio  aeid  with  |)ota8.iiuin  bidtroma 
When  this  mixture  oontainn  at  leai*t  double  the  amo 
of  Bulphurie  acid  which  ia  necettsary  to  derompoAo 
chromate,  a  battery  is  formed  which  snrpat»t>e«  in  power 
the  nitric  acid  battery,  but  do«8  not  furnish  currents  of 
the  Hftme  constancy. 
Mr.  Smec  ha«  contrived  an  ingenioos  battery,  in  which  silver,  oovei 
with  a  thin  <wating  of  finely  divided  roptallio  platinum,  is  etnployod 
asaoolation  with  amalgamated  sine  and  dilute  »ulpiiurie  acid.     The  roogh 
snrface  appears  to  permit  the  ready  disengagement  of  the  bubl 
hydrogen. 
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OttM'hattprtf.— 'Mr.  Orove  haa  contrived  a  battery  in  which  an  el 
earrent,  of  sntQcient  Intensity  to  decompose  dilute  sulphuric  acid, 
dnced  liy  the  action  of  oxyg**n  uiK)n  hydro;;vn.  Kac-h  eUment  of  this  Appa- 
ratus consists  of  a  pair  of  glass  tulit"!  to  (M>iitain  the  gases,  dipping  into  a 
TMBet  of  acidulated  water.  Both  tubes  contnJn  platinum  plat4*&,  covered 
with  a  rough  deposit  of  finely  divid«?d  platinum,  and  fnrnishM  with  con- 
dncting  wiri^,  which  pass  through  thr  tops  or  side*  of  tho  tubes,  and  are 
hermetically  sealed  into  the  latter.  WTicn  the  tubes  are  charged  wi  *"' 
oxygen  on  the  one  aide  and  hydrogen  on  the  other,  and  the  wires 
neot*Ml  with  a  galvanoHcoiH<,  tho  nocdloof  the  instrument  iM^eomra  iuBtan 
affeoted  ;  and  when  ten  or  more  are  combiniKl  in  a  series,  the  oxygen^tu 
of  the  one  with  the  hydrogen-tube  of  the  next,  etc.,  while  the  lermi 
wires  dip  into  acidulatetl  water,  a  rapid  atri'am  of  minute  huM'K'j  from 
either  wire  indicates  the  di»compo«ition  of  the  liquid  ;  and  when  thi?  ex- 
periment is  made  with  a  sinnll  mUametre,  it  is  found  that  thn  oxygen  and 
hydrogen  diaengaged  exactly  equal  in  amount  the  quantities  absorbed  by 
the  act  of  combination  in  each  tube  of  the  batt«ry. 
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Eteetrotifpe. — Within  the  last  forty  years,  several  very  beautiful  an 
snceeaaful  applications  of  voltaic  electricity  hare  been  made,  which  may 
be  slightly  mentioned.  Mr.  Spencer  and  Frofewor  Jaoobl  have  employed 
it  in  copying,  or  rather  in  multiplying,  cngraviMl  plates  and  medals,  by 
depositing  ujMm  their  snrfaccs  a  tJiin  coating  of  metallic  w}pper,  which, 
when  separat«<l  fr*jm  the  origiuAl,  exhibits,  in  reversf,  a  most  faithful 
repreneniation  of  the  latter.  By  using  this  in  its  turn  as  a  mould  or 
matrix,  an  absolutely  perf»x-t /or-«imi7e  of  the  plate  or  me<lal  is  obtain 
In  the  former  case,  the  impreftsions  taken  on  pajier  are  quite  undis 
guishable  from  those  directly  derived  from  the  work  of  the  artist :  and 
there  ia  no  limit  to  the  nuuibt-r  of  rfcctrntj/tm  plates  which  can  \h>  thus 
prodaoed,  engravings  of  the  motit  bL>autiful  description  may  be  multipli 
indefinitely.  The  copper  is  very  tough,  and  bears  the  action  of  the  p, 
perfectly  well. 

Tho  apparatus  nsed  in  this  and  many  similar  prooeMc*  Is  of  the  slmpl 
kind.  A  trough  or  cell  of  wood  is  divided  by  a  puruus  diaphragm,  m 
of  a  very  thin  piece  of  sycamore,  into  two  parts  ;  dilnte  salphuHe  arid 
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pnt  on  otii*  aide,  ftod  *  tatnrated  solntion  of  coppfr  iulplmte,  r%>  lU- 
•  ■■-  -tinuH  mixed  with  a  litlLv  &cid,  on  tli*<  olLvr.  A  plato  «»f 
i*  soldmNl  to  B  wim  or  strip  of  mppt*r.  the  othiT  end  of 
'  <U  i«  stteurvd  by  Aimilftr  lueans  to  the  entrravtMl  cnpp4-T 
plftto.  Tb«>  lattvr  is  th<:o  iiiuutM-M»<l  in  tho  solution  of  »al- 
pluUa,  Aod  the  sine  in  the  acid.  To  pruvent  depoBition  of 
ci>p|K*r  on  the  bock  of  the  oipper  plntv,  that  portion  Ik  oovtprod 
vtth  varntrih.  For  mndaU  aud  siuaII  workn,  a  porouk  iriLrtUtu- 
warr  r<«ll,  placMl  in  a  jfJIy-jar.  riiJiy  b«  uiivd. 

Ollirr  rar-laU  may  be  prtfipitAltiil  in  tlu-  »amr  niaiiiior,  in  a 
Bm<M>th  and  compai^t  fonn,  by  the  usu  of  cfrtain  priMiautiimM 
which  have  Un'n  gatht-red  by  experience.  Kltn.'tro-gildinfr 
and  pl».ting  art*  now  carri^l  on  very  largely  and  in  great  p^r- 
fertion  by  H«eisra.  KIkingtun  and  others.  Kven  non-cfindurt- 
iBg  bodb^,  aa  «4.-«Iiux-wax  and  plaster  of  Paris,  may  bu  ooat^^d 
vitli  metal :  it  ia  only  ii'-ci^Hary,  as  shown  by  tht;  latH  Mr.  Ko)M*rt  Mnrrar, 
%o  rub  iivvr  th«m  tht*  thiimiat  |>oa«ible  film  of  pluuibagn.  tJemU  may  tbu.1 
be  oopMd  in  a  very  fi^w  boiim  with  unerring  truth. 

The  common   but   very  pl*?.isin^'  exptriment  of  the  Irad'tree  \a  greatly 
d«|Mmd«nt  OD  ale«tro-ch**uiical  action.     Wh^n  a  pitn-^*  of  tinu  is  eaapendod 
in  a  Hnlulion  of  lead  aot'tatn,  the  flfHt  *ffr(*ct  in  thu  deontupo- 
■itioD  of  a  portion  of  i\w  latter,  and   tlie  dep^vition  of  me-  ' 

Itic  lead  npon  ihtt  ftnrfa<v  of  the  lino  ;  it  ia  aimply  a  di»- 
acem*mt  of  a  metal  by  a  more  oxidable  ono.     The  change 
Qot,  \inwt»vor,  stop  h«ru  ;  mMAllio  l«'arl  is  otill  dt!}Kniit*nl 
and  l)**AUtifiil  pUtaft  upon  th&i  lirttl  liirnwn  down, 
solution  iM^oomM  exhauated,  or  the  sine  imlirtdy 
Thtt  flr«t   portiona  of  the  lead   form  with  the 
voltaic  arran>;>!Ub>nt  of  sufficient  power  to  deninipoao 
salt :  onder  the  peeuiiar  circuuistaneea  in  which  th» 
r  ia  placed,  the  metal  i»  preoipitatml  upon  the  negative 
hat  is,  thu  lc.id — while  the  oxygen  asHl  aoid  are 
«n  up  by  the  line, 

l«oqu«relf  Stfveral  yflors  ago,  published  an  exoMdlngly 
ftnteresUn^  aooount  of  certain  vx|M'ri[a«fnt«  in  whioh  orys- 

lised  metaUi,  oxideR,  and  othrr  innoluble  subatanivm  bad  been  produoed 
the  slow  and  odotinuoua  action  of  feeble  cleutrioal  eurrenUi,  kept  up  for 
nths,  or  even  yearn.  Tliiite  products  exactly  resemble  natural  min- 
U :  and,  indned,  the  experiments  throw  great  light  on  the  form«lioil 
the  latter  within  the  earth.* 
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ffmtt  developed  Ay  du  Electric  Currfiu. — All  partji  of  the  el««trio  oaroiiit^ 

Uw  plates,  the  liquid  in  the  ovlls  of  the  battery,  the  conducting  wires,  and 

any  electrolytafl  undergoing  deoompoaiticHi,  all  become  li<^atetl  during  the 

of  the  current.     The  rile  of  temperature  in  any  part  uf  the  uir- 

partly  on  the  strength  of  the  current,  partly  on  its  reeiiitanoei 

bodiea  whioh  olt'er  the  greatest  resistance,  or  are  the  worst  conductors, 

ing  ni(Mt  strongly  heated  by  a  otirrent  of  given  strength.     Thus,  when 

thiok  and  a  thin  wire  of  thMAnme  metal  art!  includrtl  in  thesnnie  (.'irouit, 

la  latter  becomes  most  titrongly  heated,  and  a  platinum  wire  is  much 

•re  Ptmugly  heated  than  a  Hilv»'r  or  copper  wire  of  the  same  thieknens. 

Ry  Hxat^t  exp**rimHUtit  it  Ijom  Wen  found  that  Itntb  in  luetiillic  wirt*it  and 

hitui'U  traversed  by  an  electric  current,  the  evolution  of  heat  ia  directly 

>pnrtional— Ist,  to  the  rtsittance;  2d,  to  the  etrenyth  of  the  rurrrnt.     Joule 

if  ftUo  shown  that  the  evolution  of  heat  In  each  couple  of  the  voltalo 

•  Tralt«  He  l*Electrletl«  et  du  Macntftlsmc,  111.  S3». 
t  Pun.  Mug.  (3]  xlx.3  0. 
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buttery  Is  subject  to  tlt«  same  law,  which,  therelbre,  holdjs  good  In  eTi 
pari  uf  the  circuit,  incluiliii);  the  battvrjr. 

Thf  atrirngih  of  an  I'loi-tric  ctirront  is  meaFitrt'd  by  th«  qnantitT  of  de- 
tonating ^'AH  (2  vnLs.  11  to  1  vul.  U)  which  il  can  evulve  fium  acidulated 
water  in  a  given  limr,  ami  ihe  unit  of  current  .\trt.ngtk  u  tfin  cmrrent  which 
elimitmta  one  cuhic  ccHtimetre  of'  tietontuing  gas  at  0^  C.  and  TtiO"""*  barometric 
prtantre  in  a  minute.  Now  Li'iix  lias  shown  that  wheu  a  curri'ut  of  thv  onit 
of  Blri'iigth  pojidifs  through  a  wire  whofto  roi^istanco  ia  equal  to  that  of  a 
ooppt>r  wire  1  inciru  long  and  1  millimetre  in  diameter,  it  deveto^K!  a  quan- 
tity of  Ileal  HuiSt  lent  to  raiort  the  t(^miwratur«  of  1  gram  of  water  from  {^ 
to  I'-'  C.  in  ^j[  mi  nil  tea ;  au*!  aHsuuiiiig  as  the  unit  ul'  heat  the  quantity 
required  to  rHiitf  the  temperature  of  1  gram  of  water  from  OO  to  1^  C, 
Uu*  law  may  bi>  thus  expreflBMl — 

A  ntrrmt  of  lite  unit  of'  tlrrngth  f*nxMin*t  thnrngh  a  ranrfiirtor  irkirh  rjrrtt  the 
unit  of'  rrjiistattce,  dtvrtnpB  therein  1.1)57  heat-umt  in  au  hour,  tv  U.UlTti  heat-taui 
IN  II  rtiimtft, 

Wtlh  a  current  of  given  strength,  the  mm  of  the  quantitiea  f>f  h 
erolvHil  in  the  battery  and  in  the  uiutaUic  conductor  Joining  fta  pole«. 
iriaatant,  th«)  heat  actually  ilHvehiiM«<l  in  Ihe  one  part  or  the  other  vary! 
kMoriling  to  the  thicknciii  of  the  nirtiillic  conductor.  ThiH  waa  firHt  }tho 
by  I>e  la  Hire,  and  has  been  ix)Ullrnif«i  by  Kavre.*  De  la  Hive  mtth^  use 
a  oouple  cuuiiistirig  uf  plaliuum  and  iliiitilletl  zinc  or  cadmium,  excited 
pure  and  very  ittrotig  nitric  acid,  thtt  two  mistals  being  unitetl  by  a  platinum 
wire,  more  or  less  thick,  which  was  plunged  into  the  same  quantity  of 
■Icong  nitric  acid  containiMl  in  a  capsule,  niniilar  to  that  which  htdd  th« 
voltaic  OLiuplc.  By  ot)»ervLng  the  temperatures  in  the  two  veHRtda  with 
duliiuito  thcruiometers,  the  sum  of  thcHo  temperntureu  wna  found  to  be  con- 
fttiat,  the  one  or  the  other  being  greater  aecording  to  the  thicJcnesd  of  the 
uinuifuting  wire. 

FarTe,t  by  means  of  a  calorimeter,  similar  to  that  which  be  used  in  hi* 
experiments  on  the  deveh)pnii*nt  of  heat  by  chemical  action,  lias  tiliowii 
that  in  a  pair  of  xino  and  platinum  plates,  excited  by  dilute  sulphurio 
acid  and  cunuwled  by  platinum  Wirt's  of  various  length  and  thickiieus,  for 
uvery  32.6  grauM  of  lino  dissolved,  a  quantity  of  heat  is  developed  in  tho 
entire  circuitequal  to  18,173  heat-units,  but  variuualy  distributtHl  betwtH?n 
the  battery-cell  and  the  wire,  aoeording  to  the  thirkn'*s8  of  the  latter, 
^ow,  this  quantity  of  heat  is  nearly  the  same  as  that  which  is  evolved  in 
the  simple  solutiou  of  32.S  grams  of  xino  in  dilute  sulphurio  acid,  without 
the  fortuation  of  a  voltaic  circuit,  vis.,  18,444  nnita.  Henoe,  Favre  oon* 
eludes  that  the  heat  doveloped  by  the  resistance  of  a  nictallio  or  other  con- 
ductor c-'nnecting  the  poles  of  ther  battery  is  simply  borrowed  from  the 
total  quantity  of  heat  evtdved  by  the  rht^mical  action  taking  pla<e  in  the 
battery,  and  is  rigorously  complementary  to  that  which  remains  in  the 
cells  of  the  battery,  thn  heat  evolved  in  the  entire  circuit  lieing  the  exact 
equivalent  of  the  cliemical  action  which  takes  place.  If  any  external 
work  is  performed  by  the  current,  such  as  electrolysis,  or  mechanical  work, 
as  by  an  electm-magnrtic  engine,  the  heat  evolved  in  the  circuit  is  dimin* 
ished  by  the  heat-equivalent  of  the  deoorapositiou  or  mechanical  work 
done. 


tft0 

mil 

I 
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CHEMISTRY  OF  THE  METALS. 


Th8  i&elaU  conntittite  the  second  and  larf^er  group  of  o>letm* ntary  bodies. 
A  p^St  namlwir  of  thum  are  of  rery  ratv  ot:urrtMK<',  >wiiig  fotiiul  mily  in 
&  fov  ■cmroe  uhierals  ;  otlivni  are  more  sbuudaut,  aixl  notne  ft>vr  ahiiotit 
aiUT«rtall/  diffiuod  tbroughout  the  globe.  Home  of  thette  bodiiti  art*  of 
most  tmportanee  whon  in  the  nietalHo  state  ;  others,  when  in  combination, 
chiefly  as  oxidt«s,  the  metalfl  themaelres  being  almoat  unknown.  Manjr 
are  ur<ed  in  tntMltnine  and  iu  the  arta,  and  are  osaentUlly  cxmnected  iHth 
the  progresit  of  civilization. 

if  arsenic  be  included,  the  metaU  amount  to  fifty  in  number. 

PhifMirai  Prnpf^tifs.-— One  of  the  most  minarkable  and  strikiuf;  cliaraftert 
posaeflaml  by  the  roetaU  i»  tlieir  peculiar  loBtre :  thia  la  fto  charactt*riHtiu 
that  the  «xpres»ion  metallic  /iurr«  h&s  paased  into  oommon  sp4H>ch.  This 
property  is  no  rlouht  connected  witli  the  vreat  degree  of  opacity  whii'li  the 
metaU  present  in  erery  instance.  The  iblnnest  leaves  or  plates,  and  the 
edges  of  cryslalliue  laiuiim,  arrest  the  potisag^e  of  liglit  iu  the  nio^t  com- 
pleto  manner.  An  exception  to  the  rul<^  in  ununlly  ninde  in  favor  of  gnld- 
Iraf,  whii'h,  when  held  up  to  the  daylight,  exhibits  a  greenish,  and,  in 
some  cases,  a  purple  color,  as  if  it  wore  really  endued  with  a  certain  de- 
gree of  traiuduccuoy :  tlie  metallic  film  is,  however,  generally  so  imperfect 
that  it  is  somewhat  difficult  to  say  whether  the  observed  effect  moy  not  be 
in  somn  mtrasure  due  to  multitudes  of  little  holt^,  many  of  whieh  are 
risible  to  the  naked  eye;  but  Forailsy's  experimeuls  havu  i-stablishcd  the 
traietluotjncy  of  gold  beyond  all  doubl. 

In  iK>int  of  color,  the  mciaU  present  a  certain  degree  of  uniformity  : 
with  two  exceptions — vjx.,  copper,  which  is  red,  and  ti;<jld,  which  is  yellow 
— «ll  tht«e  bodies  are  included  between  the  pure  white  of  silver  and  the 
bluish-gray  tint  of  lead  :  bismuth,  it  is  true,  has  a  pinkish  color,  and  cal- 
cium and  stroLilium,  a  yellowish  lint,  but  these  tints  are  yury  feeble. 

The  dilTerences  of  npiri/ic  gravity  nm  vviry  wide,  parsing  from  lithium, 
potassium,  nod  sodium,  which  are  lighter  than  water,  lo  platinum,  which 
ia  more  than  twenty-one  times  heavier  than  an  equal  bulk  of  that  liquid. 

Table  of  the  Specif  e  Gravitiet  of  MetaU  at  15.fiO  C.  (60O  P.). 

Platinum  (in  Ihui  wire)      .         .         .  21  .&0 

Gold 19.50 

Uranium lt>.40 

Tungsten 17.60 

Mercurv      ......  13.59 

Palladium 11.30  to  11.8 

Lead 11.45 

Silver  .         ,         .         -  .10.50 

Bismuth 9.90 

Copper         ......  8.96 

Nickel 8.80 

Cadmium     ......  8.70 

Mnlvhdenom         .....  8.63 

Cobalt 6.54 

Manganese  ......  8.00 

2.3* 
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Tin 

Zinc    ...... 

Antimony 

Aratfnio        ..... 
Aluminium  .... 

M.xgneHium  .... 

Sodium 

rotn:iriium    ......       0.b<i& 


7.70 

7.29 

6.80  to  7.1 

tf.W) 

5.b8 

2.&G  to  2.67 

1.75 


Uth 


U.UU3 


The  property  of  m('Uea!>ilUy^  or  power  tif  ^xleubion  undtjr  the  h:tmin4 
or  bi^twuuu  thr  rollera  of  thd  llntliiig-mill,  is  (KtHttfhfted  by  ct^rtain  ol  tti 
tneUW  tu  a  vi>ry  great  (.-xtont.  Uohi-U>af  is  u  rciujU'kAblc  exaiuplv  ul  the 
tenuity  to  wliifh  u  malleable  niptnl  may  U<  brought  by  »aitabl«  iiieaits. 
Thf  gilding  on  silver  wire  u»txt  iu  the  nuuiufavturu  of  gold  laou  ia  ewn 
thinner,  and  yet  prHtfnnts  lui  uubrokou  surface.  iSilver  miiy  hv  U'uti'n  out 
rery  thin— 4.*op|H5r  also,  but  to  an  inferior  extent ;  tin  und  platinum  art* 
(Uuiily  roUod  uut  into  foil ;  iron,  palliulium,  k-ad,  nickid,  cadmium,  ihe 
mfitalft  of  tho  alkalies,  and  mercury  wbvu  soliiiitied,  aru  &l&u  mallvablo. 
Zinc  may  bt>  placed  midway  U^twc^cn  the  malleable  and  briltte  dirision  ; 
then  perhaps  bismuth  ;  and,  lastly,  such  mutals  as  antimony  and  araenici 
which  aru  altogothur  destitute  of  malleability. 

The  sptwiflc  gravity  of  malleable  metals  is  usually  very  sensibly  in- 
creased by  pressure  or  blows,  and  the  metals  thenujflvitj  are  renderiMl 
much  harder,  with  a  tendency  to  brittleoess.  This  condition  is  dostruyed 
lUd  the  fomuir  soft  state  restored-  by  the  oixration  of  aiiiuaiioft,  which  con- 
Jbta  in  heating  the  metal  lo  reilnesa  out  of  contact  with  air  (il'  it  will  bear 
that  temperature  without  fusiuii),  and  t^uuUng  it,  quickly  or  tduwly  at^tird- 
ing  to  the  eircumstanees  of  the  eafte.  After  tliii?  o|wrA> 
tion,  it  is  found  lo  pnsgeas  its  original  tspecilio  gravity, 

OttctUity  is  n  property  distinct  from  the  laat,  inasmuch 
as  it  involves  the  principle  of  tenacity,  or  power  of  re- 
sisting tension.  The  art  of  wire-drawing  is  one  of  great 
antiquity  ;  it  consists  in  drawing  rorls  of  metal  through  a 
succeasioM  of  tninipi-t-shaped  holes  in  a  pteel  platf,  each 
b»*ing  a  little  ttmallcr  than  its  predt^.'^ssor,  until  the  re- 
quisite degree  of  fineness  is  nttflin(<d.  The  metal  often 
becomea  very  hard  and  rigid  in  this  process,  and  is  then 
liable  lo  break  ;  this  ia  remedifni  by  annealing.  The 
order  of  tenacity  among  the  mutala  suacf^ptilde  of  being 
easily  drawn  into  wire  is  the  following :  it  is  determined  by  obaerving  th« 
weights  required  to  break  aaaundur  wires  drawn  throogh  the  same  < 
of  the  plate  ;— 


H" 

Fl( 

E.IW. 

f\   A 

eas 

drai 

wn  i 

Iron, 

Copper. 

IMatinura. 

Silver. 

Melals  difTer  as  much  in /utibilit if  u»  in  density. 
give  an  idea  of  their  relations  to  heat  :— 


Gold. 
Zinc. 
Tin. 
Lead. 

Tho  following  table  wi 
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Piiiibl«  be1«ir 
s  rat  heat. 


InftiKible  briow 
a  red  heM. 


MvltlniPolBta. 

F. 

C. 

■  Mercury  . 

.     —  390 

— 39.440 

Uubiilitim 

.    +ioi.;i 

-f-:ib.5 

PuuuuiuiQ 

J44.5 

6:3.5 

Sotlium     . 

2('7.7 

»7.ll 

Lithium   . 

36tJ 

IfeU 

Tin  . 

441! 

2:17.8 

Culinium 

(about)  442 

2US 

liismuth  . 

407 

25S 

TlinUium 

&ul 

2K4 

L«ftd 

U17 

■6'Z!i 

TvUuriuuj- 

-rather  less  faaible  thau 

it^ad 

A  r»«nic— uak  now  n 

/inc 

. 

.        .        -        .        773 

4U__ 

j^  Anlimonjr— 

-jiui 

.  below  rwlQesK 

m 

r  8ilv«'r 

.       1873 

imV 

CojiiH-r      . 

.     innd 

1001 

Irold 

.     aoiii 

1103 

CaAl-iroii  . 

.        ,      27tt(i 

1530 

I'lira  iron 

Nickel 

^^_ 

C'ubAlt 

•       lUgheat  beat  of  Forg«. 

M 

Mai))^a.ii^«o 

rallaJiiiin 

fl 

Molybduimtu, 

S 

LIraiiiuui, 

AgKlomerato,  but  do  not  melt  in  tb» 

Tuiii^itten, 

forgo. 

(.'tkrotiiiiiin, 

__ 

TUaiiiutu, 

<'t'riiiui, 

'!» [Ilium, 
Iriitium, 
Kh(Mliuin, 

fnfiisiblA  in  ordinary  blast- farnaoM ; 

fuBlbl©  by  ox7-bydrogeu  blow-pipe. 

I'Uliiium, 

,  T&nialum, 

J 

Some  metals  npqnire  n  pasty  or  adhtwive  state  bofnro  IwcomlnK  fluW  : 
lU  i»  thv  ciLHif  with  iron  nntl  platinum,  and  witli  thr>  invtnl.s  of  th*;  alka- 
«.  It  is  lliis  prouliarity  which  confers  tho  wry  valirnlilu  property  of 
rcUliog,  by  which  pi**-  •>»  o(  Irun  and  RtevI  aru  unltvil  without  iiQlJ(<r«  and 
finely  divided  lu'-'iutlio  sponge  of  platinum  ia  ronvertL*d  iiitn  a  solid 
ul  ctiinpiurt  ttar. 

St>nit*  nintnlM  ars  wUatile^  and  this  character  wonM  perhaps  be  Axhibltctd 
}y  all,  ooiild  t^^mperatnrea  sufficiently  elevati*d  bo  obtained.  Mercury 
lis  nnd  dintilH  Iwlow  a  rtnl  lifat ;  ]M)taH«iam,  sodium,  zino,  luagnBsium, 
and  cadmium  fine  in  vaimr  when  lieated  to  brigltt  re<lntiu  ;  anicnio  and 
t«llanuiii  are  volatile. 


I 


CHEMICAL  RELATIONS  OF  THE  MKTALS. 


HVTAU.TO  combinationi  are  of  two  kinds — immely,  th<we  formed  by  the 

knion  of  motats  among  tln"m*ipvp«,  which  arp  <^aMo»l  alloys,  or  whnr*«  m*»r- 

iry  ta  oonoemed,  amalgamH,  and  those  generatt^d  by  combination  with 
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tlm  non-motallic  etem^ints,  as  oxides,  clilonMett,  Hulpludt*8,  t*tu. 
lattor  caAt;,  the  metallic  chariictt*rii  are  almost  iuvariably  lobt. 


In  this 


* 


r 


Alloys. — MoHt  mpt&lii  are  probablj,  to  some  extent,  capable  of  exEst-^l 
ing  in  II  Mate  of  combinalton  with  rarh  other  in  di*fluiU;  prnpnrtions  ;  but 
it  i«  (litTiL-uU  to  obluin  tlit^t-  ouiiipouuds  iu  a  suparatt*  nViU;  feiucr  they  rll^- 
solve  in  all  propurtioiiit  in  the  uiclu-d  metaU,  and  do  not  ^t-ticiully  difler 
■0  widel,v  In  ihfir  uii'lting  points  from  the  metala  ihvy  may  be  mixed  with, 
as  to  be  separati^d  by  cr>!»lullizutioii  in  a  liefinite  furui.  Kxioptiuns  lo  this 
rule  are  met  with  in  the  L-ouling  of  argentifuroufi  lead,  and  in  the  cr>sUl- 
Uiation  or  brasH  and  of  gnn-mutal. 

The  cheniii-'al  fi»rc4'  eapable  of  being  ext-rted  between  dtfTerent  metaU  is 
for  the  most  part  very  feeble,  and  the  conse^^ueut  state  of  combination  is 
therefore  very  euiiily  disturbed  by  the  influence  of  other  forces.  The  sta- 
bility of  sncli  metalliu  com|X>undti  is,  howt^ver,  greater  in  proportion  to  the 
general  iliesimilarity  of  the  metals  they  contain.  But  in  all  coiU's  of  com* 
biiiatiun  between  metals,  the  alteration  of  physical  rharncters,  which  is 
the  didlinctive  feature  of  chemical  combination,  doi^  not  take  place  to  any 
great  extent.  Tlie  most  unquu^tiouable  comtxjunds  of  metals  with  metals 
are  still  metallic  iu  their  general  phyHical  cliaractors,  and  there  is  no  snob 
transmutation  of  the  individuality  of  their  constituents  as  takes  place  iVv3 
the  combination  of  a  mt'tul  with  oxygen,  sulphur,  chlorine,  etc.  Th^fl 
alteration  of  charaot<*rzi  Iu  alloys  in  generally  limited  to  the  color,  degrwi 
of  hardness,  tenacity,  etc.,  aad  it  Is  only  when  the  constituent  metals 
are  capable  of  aM.<iuiuing  opposite  chemical  relations  that  these  compounds 
are  distinguishod  by  great  britth-ncas. 

The  formation  of  actual  chemical  componnds,  in  some  cases,  when  two 
metals  are  mdtM  together,  is  indicated  by  several  phenomena,  vii.,  th« 
evolution  of  heat,  as  in  the  cose  of  platinum  and  tin,  coppt^r  and  zine,  fto. 
Tlie  density  of  alloys  differs  from  that  of  mere  mixtures  of  the  metals. 
In  the  solidificatiun  of  alloys,  tlie  t«>mp«rature  does  not  alwaytt  fall  niit- 
fonnly,  but  often  remains  stationary  at  particular  degrees,  which  may  bo 
rtrgarded  as  the  tfoliditying  ]iointa  of  the  compounds  then  crygitallizing. 
Tin  and  lejLd  melted  together  in  any  pro|)ortioii8  always  form  a  compound 
which  sulidifiea  at  1870.  The  melting  point  of  an  alloy  is  uftt-n  vvry  dif- 
ferent from  the  point  of  solidification,  and  it  is  generally  lower  than  lh« 
aaan  melting  i>oint  of  the  eonstituent  metals. 

But  though  mt^tals  may  combine  when  melted  together,  it  Is  douVtfbl 
whether  they  remain  etmibined  after  the  solidification  of  the  mass,  an<i  the 
widediff»»rencea  between  the  melting  and  solidifying  ixjints  of  certain  alloys 
appear  to  indicate  that  the  existence  of  these  compounds  is  limitfd  to  a 
certain  range  of  temperature.  Matthiessen*  regards  il  as  probable  that 
the  condition  of  an  alloy  of  two  metals  in  the  liquid  state  may  U*  either 
that  of — 1.  A  solution  of  one  metal  in  another  ;  2.  Chrmieal  combination  ; 
3.  Mechanical  mixture;  or,  4.  A  solnlion  or  mixture  of  two  or  all  of  the 
above  -.  and  that  similar  dilTereucea  may  exist  as  to  its  condition  in  the 
solid  state. 

Tlie  ehemical  action  of  reagents  upon  alloys  Is  sometimes  very  different 
from  their  action  u[^k>u  metals  in  the  separate  btate  :  thus,  platinum  alloyed 
with  silver  is  readily  disKolvt^l  by  nitrir  ncid,  bnt  Is  not  affecti'd  by  that 
acid  when  unalloyi»d.  On  the  contrary,  silver,  which  in  the  separate  state 
is  readily  dissolved  hy  nitric  acid,  is  not  dissolved  hy  it  when  alloyed  w] 
gold  in  proportions  mneh  leas  than  ono-fonrth  of  the  alloy  hy  weight. 


■  Brltlali  AMOcUtlon  ReiMirts,   SOS,  p.  ST. 
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Compounds  of  Metali  with  Metalloids. — ClaMlfloatioa 
ol  Metals. 

!  <n  of  the  mrtald  BLVufliug  tu  ()it;ir '^aantivaU'ncc  or  RtomU 

\'  the  tabli*  uri  p.  'Si'^  ;    and  eoih  uf  the  lIokm-s  thua  foriiiiMl 

T"",  the  iiitlivldujkl  m(<mber&  uf  which  potiai'^it  cer- 

1    fhiraclyra    in   common.     Tliero  ar*?,  huwrvt-r, 

:iiu)tng  tlnxM*  of  rarv  occurrencef  whcMO  ptMition 


A  .-■ 
\tj  .- 

UiD     ! 

fa  tha  lectritfs  is  by  do  mesus  deHniuUjr  tLsed. 

C1.4S4    I.  •— MorutJ   Mt^taJg.  —  1.    Among   tltoM  tnetaU,    potAHHium, 

lodium,    cKaiom,  rubidium,  uiul    lithium  htv  cnWvd  alhJt-mmtttliit 

ley   are  iM^fl,  cattily  fu^ibh*.   volalilr  at  highrr  t<'mp#»rftliirp9  ;    4M»ml>tn« 

trjr  rti«irgetu;ally  with  oxygen  ;    duoumpo^u  watvr  aC  all  t<*nip<«raluroa  ; 

d  form  strongly  ba«iiu  oxidett,  which  are  very  »ulul>lt;  in  wator,  yielding 

'WMffully  cftuatio  and  alkaline  hydruxidr^,  nnl  diti.iiiiii|.Kieui)jIc  hy  hual. 

ir  lArhunatcfl  are  aolublti  in  wutor,  &ud  ra<.-li   inotnl   forms  only  onu 

doride.     Thu  hypothetical  mt'tal  ammouiuiu,  N'll^  (p.  loV),  is  Ubustly 

Idnd  to  thtf  lint  of  alkali-mt'talM,  nn   nc-oonnt  of  the  gcnfral  ttimilarity  uf 

com^iouutia  to  thoao  of  {Ktlassium  and  soditim. 

L    Silver   difffM  gr«atly  from  tli»  alkjili-metals  In  itft  physical  and 

f  its  chemical  proprrtiiM,  but  it  ta  reUlfnl  to  them  hy  the  isomorph- 

somo  of  hs  (.M>mi>«jundt>  with  tho  oorroHpondin^'  (-oiuiioundR  ol  those 

;  thus  it  foniu  an  alum,  similar  in  form  and  compusitiou  to  ordinary 

alum. 

Class  ir.— /)yo/f  .1/p^j/«. — 1.  Th«  tbree  metals,  barium,  strontium, 
^ftnd  caloium,  form  oxides  (Uilb>d  alhUinfi  rarttts,  \v*»  soluble  ill  waltir 
than  the  true  alkalies,  but  exhibiting  similar  taat**,  causticity,  and  action 
on  vegotabltf  o«)lor8.  The  metaU  uf  thiH  ^roup  form  but  one  chloride, 
s.^.,  BaC'l, ;  their  carbonates  aro  insnlubbt  in  water,  and  barium  itulphiUa 

also  iiuoluMe,  Mtrontium  and  caUMum  «ulp)iat»>y  slightly  ttulublo. 

2.  A   second    grtrnji   uin^tiutii  of  tlie   luutals   beryllium,   yttrium, 
rbium,    lanthanum,    and    didymium,    which   form    oxidt«  calltxl 

rths,  iiiBolubUi  in  water,  and  not  rodueiblo  to  the  metallic  state  by  hy- 

trogen  or  carbon  ;  their  furboniil*')!  aro  innotuble  in  water,  their  ftulphatea 

dublt*.      TUtfSu  metaU  aUu  form   but  one  chloride,  viz.,  a  diehlorido. 

$t9 M.f9ty  rarw.     Meudeb'jefT,  as  alroady  observed  (p.  'ZM*),  pro- 

t0^  didymium.  yttrium,  and  erbium aa  triads,  and  lanthanum 

"a'tirtnld  !  but  his  reasoiu  fur  doing  so  are  not  vt'Ty  oonclu«ive  ;  at  all 

rrmlrt  It  la  most  couveniioit  to  dencrilMi  thi.«n  metals  amount  the  eartli- 

••tabi, 

3.  Magnesium,  sine,  and  cadmium  rivemble one  another  iu  being 
rcilatile  at  high  teraperatunrs,  atul  burning  when  liijatMl  in  the  air  ;  they 

Hnpoae  water  at  high  temperatures,  eliminate  hydrogen  from  dilute 
'idSr  and  form  only  one  oxide  and  one  ehloride.  e. y.,  ZnO  and  Zui'L. 
lam  was  formerly  classed  as  an  esrth-nietal,  but  it  besrs  a  much 
rnitlogy  to  xinc, 

Ifernury   and  eopper  ench   form  two  chlnrid»'s  nnd  two  nxid**  : 
mercury,  for  example,  forms  the  two  chloridt-H,  Hgt'l,  ami  HjfjCl,,  and  ibu 
two  oxidrs,  ligO  and   Hg,0.     Morvurotu  uliloride  (calomel)  i6  reprcMcuted 
Hg— CI  llg 

I  by  the  formula      I  ,     and  the  corresponding  oxide  by      |   ^0 

L  ITg— a  Hg 

|ni«  copper  crnnifiundH  are  dimilarly  oomttitntMl.     Tliesn  mt*tals  do  not 
■«compuse  water  at  any  tcmp<?ratare  ;  they  are  oxidised  by  nitric  sud  Uf, 
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strong  salphnric  acids.  The  oxide«  of  mercurj  are  rMaoed  to  the  meUUie 
cute  by  heat  alone ;  tfaoae  of  copper  hj  igniiioD  with  hjdrogen  or  char- 
ooal. 

The  pwition  of  ooppi*r  in  the  series  has  already  been  di»cnftscd  (p.  239). 
It  has  certain  aualogit.*«  with  the  metals  of  tht^  in>n  group— «nd  in  the 
coproos  oompoandfi  it  may  be  regarded  as  univalent  ;  but  in  its 
stable  compounds,  the  cuprio  salts,  it  is  unqutattionably  biraitoit. 


I 


Ci^ASS  III. — Triad  MftaU. — Tlie  metals  referable  to  this  riass  are  olnm!- 
niaiu,  gallium,  indium,  thallium,  and  gold.  The  first  thr^  form  only 
trichlt>ridi.-«  ;  thallium  and  gold  form  niouochlorides  and  trii-blarid*^,  aliM> 
oorr(?»iioudiug  oxides,  e.  t^.,  thallium  chtoridi-Sr  TlCl  and  TlCl, ;  oxidr^. 
T1,0  and  TUO,.  The  raono-i'ompouuds  of  thallium  arv  much  more  elaUti 
than  thf  tn-rompounds,  and  in  resi»f»Tt  of  thetM  cx)ni]Mtandit  thatlium  rx- 
hibits  very  close  analogies  to  the  alkali-metals,  forming,  for  example,  an 
alum  isumorphuus  with  common  potash  alum,  and  phuephates  auaSogous 
in  »>m|irf!i)tion  to  thf  phosphates  of  sodium.  The  position  of  gold  has 
already  lieen  diticusseii.  Aluminium  is  sometimes  rt*garded  as  a  tetrad, 
but  for  reasons  already  given  (p.  Z40)  it  is  nuMt  probably  a  triad. 

Class  IV. —  Tetrad  Metals. — ^To  this  clans  belung  xiriY)ninm,  thoHnom, 
cerium,  tin,  titanium,  and  load.  Zirormium  and  thorinuiu  furm  t^^tra- 
ehlorides  and  dioxides.  The  position  of  curium  in  the  series  is  altogether 
doubtful. 

Tin  and  titaninm  are  closely  related  losilicium,  each  forming  a  rolsr 
tile  tvtroehloride  ;  namely,  stannic  chloride,  SnCL^,  and  titanic  chloride, 
Ti('l|,  together  with  the  LXirresponding  oxides.  Tin  likewise  forms  the 
fttnnnoiifl  compounds  in  which  it  Is  bivalent,  e.g.,  SnCI,,  SuO ;  and  tita- 
nium forms  the  tit&nous  compounds,  in  which  it  is  apparently  triv&lenl, 
but  rnally  quntlrivab-nt :  r.  y.,  TiCIj  or  Ti,('l.  =  CljTi— TiHj, 

Th**  <jua<lrivalenoe  of  lead  is  infcrre<l  fn>m  the  composition  of  plumU>- 
Mrefhide,  Pb(C,H^)| ;  but  in  most  of  lis  compouuds  it  Is  bivaU-nt,  forming 
only  one  chloride,  PbCI,,  with  oorresponding  iodide,  bromidu,  and  fluorid**. 
It  forms  also  the  oorrcsponding  oxide,  PbO,  together  with  a  lower  oxide» 
Pb,0,  and  three  hiph«*r  oxides,  PbjOj.  PbjOj,  and  PbO,.  Lead  is  allied  to 
barium  and  Htrontiuni  by  the  isomorphism  of  its  sulphate  with  the  «ub 
phates  of  barium  and  strontium,  and  to  silver,  thallium,  and  mercury  by 
the  sparing  solubility  of  its  chloride,  which  is  precipitated  by  hydrovhlorio 
ftoid  from  solutions  of  lead  salts. 

PI  at  in  n  m  and  its  allietl  nti'tals  also  form  tetrachlorides  and  dioxidua 
bat  these  metals  are  btsst  regarded  as  forming  a  group  by  themselves. 


Clam  v.— /Vn/fff/ 3/rfa/«. — ^1.  Arsenic  forms  a  trichloride,  a  trioxi< 
and    oorrespondinj^    salts :    also  a   pentoxide.  and    corrediKniiIing    sal 
called  arsenate's,  analogous  to  the  phosphates.     Antimony  forms  a  tri^ 
chlorid*;  and  a  pentaohloride  analogous  to  those  of  phnsphnrus,  aUo  the 
ourrespuuding  oxidis.     Bismuth  forms  a  volatile  trlckluridc.  and  a  di- 

IliCI, 
chloride,  Bi,Cl^  or      I        .     Vanadium  was  formerly  supposed  to  belong 

IliCl, 
to  the  tungsten  group,  bat  it  has  lately  been  shown  to  be  a  pentad.  It 
forms  a  trichloride.  VCl, ;  also  an  oxychloride.  VOCl,,  analogous  to  ph<ie- 
phorud  oxychlorifl"  ;  and  the  oxides,  V,Oj  and  V^Oj,  analogous  to  those 
of  phosphorus  and  arsenic,  the  lattrr  yitddin^  a  iSeries  of  salts,  the  vana- 
dateM,  ii^omorplious  with  the  phoHphates  and  nnicnates  of  corresponding 
oom|Ki».iiion. 

iL  Tantalum  and  niobium,  formerly  regarded  as  tetrads,  havo  be«a 
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Ui«  penUd  meUli  Are,  for 


TiM 


pArVoT  mU 


Clam  Vl,—ffezaJ  MttaU.—U  CfaromiaH  kmm  m  h«xl»orid«.  CrF» 
•ad  *  oorrei ponding  oxiJa,  CrO^  U  tikvvtt*  fenad  twn  aerfeft  of  «■«- 
pofKodfl.  in  wh&ob  U  exhilMta  lover  d^grnw  of  «4airal«Bc«,  tU.,  iW  ckraorie 
omnpoaods  »Qalogotu  to  tha  fiwric  oompovndU,  in  wbicfa,  lik»  ftXambuvM 
ftod  iron,  it  is  eith«r  triTftknt  or  qn^ilnrAkeiil ;  c  ;•,  diroaue  cUorld*, 

CrCi, 
CrCl.  or  Cr.CL  t=  I         ;  uid  Lh«  ehnmaoM  oooiponod*,  ■mlqgow*  la  Un 

cr<:i, 

terou  ooinponnfls.  in  which  it  i>  bivalent,  c  ^^  CrCL,  CrO. 

U  r«  n  i  a  m  (iunoj  a  trioxide,  L*0^  *nd  ma  ozjrchlona*,  t'O^Cl^  aaaJagOOa 
to  CiO,CV 

2^  Tua|{at»n  fornu  a  hexchlorid*,  WCl,,  and  tboaomvpoadian  oxid*^ 
WO,.  Molrbdtsnam  u  not  knovii  to  fonn  a ehlorida higbtr  ibanMoCl^, 
bat  ita  trioxi'H  M'i<>„  ia  known;  and.  frucn  the  gvnoral  aimilaritj  of  the 
longaten  and  otolf  UloDUtn  oompoonda,  tb«  latter  metal  to  inXerrod  to  bo 


Culm  TII. — ffeplad  MttaU. — ^Tb*  ont/  in«Ul  at  pr«aent  referable  to  thia 
is  Uanganoae,  which  forms   a   heptachloride,  and  ma>  alM>  be 
led  aa  Iwptadio  in  permanganic    acid.  HMnO,,  and  ita  aalte,  which, 
alroadjrobMrTMd,  are  isomorphona  with  the  prrrhloratra  (p.  241).     Man- 
ia, howtfver.  more  oooTenlently  described  in  connection  with  Ibo 
group  uf  lOtftAls. 

CxJLM  Vin. — Iron  and  Ffafi'num  J/ltfo/i. — These  metals,  for  reasons  alreadj 

^ignod,  caoiiot    Im:*  r^ffMrrwl   to    either  of  the  preceding  classes  (p.  241). 

lidM  poasossing  certain  phrsical  properties  in  common,  thej  exhibit  a 

ktar  tendencj  tiian  aoj  of  the   preceding    to  enter  into  oombiualion, 

)timas  as  periasads,  amnetimes  as  artiads. 

nine  motals  of  this  olaas  resemble  one  another  in  man/  reepfwtst 
I)  They  are  all  of  gray  oolor  and  difficult  of  fuMun.  (2)  Thojr  poaseas 
in  a  high  d^roe  the  power  of  oondeniiin};  and  ^riving  passage  to  gssea,  as 
seen  eapociall/  in  nickel,  palladiam,  iron,  and  plaiinuoi.  (3)  Tlieir 
highest  ozidftfl  are  banns,  or  iu-hi^  of  little  euergj,  wbieh  are  easily  reduc^Ml 
to  lower  oxidiM  oi  tanrt^  doci'lc-l  Imsio  cbaracttfT.  (4)  Tbey  form  stable 
doable  cyanides  with  tUe  alkali-nvttals,  Fe,  Bo,  and  Os,  yielding  nnalo- 
goos  compoun<U  h&vinu;  tbn  genr^ral  formula  K^RCr^ ;  Co,  Kh,  Ir,  forming 
salts  having  the  geuoral  formnla  K|RCr«  ;  Ni,  I'd,  Pt,  forming  satta  baring 
the  couposittun  K,IICy,.  (5)  Sfiiue  of  their  compounds,  especially  thoee 
^^f  the  higher  dcgrttc^  of  oombiuation,  are  distinguished  by  cli&ractcrjslio 
^H^Iora. 

^^H  Copp«r  and  gold  might,  on  account  nf  nnalngous  lH>bHvior,  lie  includ^il 
^^■1  the  eighth  cla-sa  ;  altlioogh,  according  to  the  conslitution  of  their  lower 
^iKcitlM*  Ib^'y  belong  to  tbu  drst  or  monadic  class. 

The  trtm  Group  tnclndes  iron,  nickel,  and  cobalt,  perhaps  also 
manganese,  chrnrni  n  m,  and  ocriam.  Iron,  in  the  ferrous  mm- 
ponn^,  is  bivalent;  in  the  ferric  com|>uund9,  it  may  be  ri'pnrdwl  either 
triralent  or  as  qnadrivAlent,  furrio  chloride,  for  example,  U-Ing  either 
tCl,  or  Fe,Cl«  =  <.'i,Fe — KeCl,.  Thfl  vnix>r-den8ity  of  the  cmii-MJinid  ti-nds 
tosupiKM  the  latter  formula.  Imn  also  forms  salts  nailed  fr  rra  tea, 
joufl  to  thii  ehrmnattf*,  in  which  it  ia  sexvalent.  Cobalt  forms  two 
of  compounds  analogous  tuthe  ferrous  and  ferric  compounds  ;  n  ickcl 
the  most  part,  bivalent,  but  it  also  forms  a  sesqaioxide^  Nl^y 
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Miti.  I,  (tlip  cMm}Ntsjltoa  of  which  u,  howfver,  8<unpwhat  doubtful),  anil  in 
tbtf  |>«*ruuui^iaialos  ;  in  its  other  compounds  it  rv^eiuhleti  iron,  beiUjf  hira- 
ItMtl  UI  thi'  iiiAiigAiuiUd,  tri-  or  quadrivalent  in  thtj  manganic  cotupouudsi 
aiid  s**x valval  iti  ihu  mangaiiatt^,  e.  f^.,  i^HnO,,  which  are  analot^ua  to 
Ihv  ■ulph«\^'«,  vilin'uuitr«,  and  furracvs.  All  tUtr»r  metola  dvooaipoae  water 
«(  Ul^U  it'tupt'r»turt«6.  Niokel  and  cobalt  are  magnetic  likv  iron,  maiH 
ihcir  kaU»  ari*  laumurphoub  witli  the  t;tirree{>uDdiug  iruu  contpoanda.  ^H 

Chi-v>iui  uin  fttriiw  ihruci  tk-xiir^  of  iximpounda  anjilof^us  in  conip«(itioB^^ 
40ld  Hi  man/  of  their  pn>p«rtU)S  to  the  ferrous  and  ferric  «alu  and  the  fer- 
fftlM.  Chr»'mic  aci«l,  liuwever»  and  the  corre»ponding  anhvdridt-  are  vt-ry 
bUMv*  ciuiijtouiuU  ;  wbL-rt-a^,  ferric  acid  and  the  oor  res  ponding  anhvdroiifi 
pxtdts  V*<\t  JU*  unknown,  and  ike  ferrates  axe  very  unstable.  Ct-ri  um, 
b»  btvalout  in  Uioct-rous  salts,  avxraient  in  oeric  fluoride,  CeF,,  and  fo 
AU  wAidv,  i^es*\  analo^j'tiua  to  ferroflo-ferrio  oxide,  FejO^,  and  oorruspoud 


.1 
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f%aiaum  MrHkh, — Platinum,  palladium,  Iridltim,  rhodtnill- 
rulkoiiium,  ami  o:>inium,  form  a  natural  group  of  metals,  nccnr- 
ritu  k^othf^r  in  the  inftaUiu  atatc,  and  reocmbllng  each  other  in  mnnr  of 
Ihvir  |ii<ii]H*rtlni.  Flaliuum  and  paUadium  form  dichloridfs  and  tetrachU 
rl\UM,  «»»h  i-ttrriwpcinding  oxidp«,  vis..  PtCl,,  PtU,.  Pto,  PlU,.  Iridim 
Mtua  a  iliohliiride,  a  tetrachloride,  and  an  intemiediate  chloride,  wliirh 
w^v  W  retiardwl  either  as  IrClj  or  as  lr,Cl,  =  Cljlr — Irf'I,.  Kuthenium 
9mX  uainlum  form  chlorides  similar  in  onnstitution  to  those  of  iridium; 
ihudium  only  a  diuhlorido,  UhC'lf,  And  a  triohlorido.  Rh,C'l«.  All  these 
'  r.'iiu  ii!^i.K*3  annlo^iiua  in  i^>mposition  to  their  rhl<»rides,  ^.  i;..  IK>, 
>),,  and  likt>wisi-*  )M;;ht<r  oxideit,  iridium  and  rhi>lium  funuin^  lii- 
liO,  and  KhOj.  nnd  o:juiium  and  ruthenium  fonuing  letroxides, 
Ku<\  ;  but  llu^reare  no  chloride*  corresponding'  with  these  oxides, 
of  the  platinum  group  are  not  acted  npon  by  nitric  Acid,  but 
tloriuo  or  uitro-murialio  acid.  With  the  exoeption  of  osmium, 
•4  u^idiii'  in  the  nir  nt  any  ti<mp«?ratore,  and  their  oxides  are  all 
toy  hvMkt  nlime.  The««  mctaU,  together  with  gold,  silver,  and 
whu'h  Uk«<wli*e  exhibit  the  taet-meutioned  character,  are  &om»- 

t.,u  k4  ihe  Alknli«<«  and  alkaline  earths,  on  acooiint  of  thcii  InCs- 
>«vt^,  Ar«o(l«a  called  light  metals;  the  others,  heATjr 


Idea. — All  motals  combine  with  chlorine,  and 
'  (in'iKirtions,  ah  above  indicttl*Hl,  forming  com- 
jftrdfl  as  derived  from  one  or  more  mnleoulfs 

1  ^lltullou  of  a  metal  for  an  equivalent  quuntity 


%tm  ^erivad  monocMorides  like  KQ 
•'  diohlorido*  "    BaCI, 

»'  Iriohlori^lo^         "    AuC'lj 

«*  tetrachlorides      **    SuL'l,,  etc.  ete. 

M  l^»  ^  regarded  oa  the  type  of  chlorides 


^iir»1  prodncU.     Sodium  ohlorid«,  or 

^  ^«antitid6,  Kah  in  tho  solid  state  as  rodc' 


GULORlDEe.  S 

lalt,  Aud  diMnlred  In  9ca-wAt«<r,  and  lii  lUv  wat«r  of  rirura  and  apriugi. 

I^  ■ .1.1   ..,  i  .  ...  ,....^  ,„  Jim  Katiic  forni»,  but  insmallor  quautil/  ;  Ihn 

III,  ruljiiiiiiiii,  Aiiil  ttialtitiiii  alMi  iK-cur  in  feuiaJl 

r^ _  ,      ^waters.     Mcrcun.)U!<  clilori<li<,  UgjClj,  ojid  ailror 

cJiJoride,  AgL'l,  nccur  as  iiaiural  utineraia. 

I.  Cbloridvs  arc*  gfuorall^v  pr««par*««l   hy  oiih  or  other  of  th«  foUowbig 

proor»A(-« :    (1)  ny  acting  uptm  the  nii'tal  irith  rlilorino  goa.     Autlmon/ 

P^ntachlorido  and  o<i[>pt*r  dichluridi*  nrn  pxaniplf*  of  ohloi-idra  fKunntimtrs 

lucrd  in  thiit  manner.     Thr  rlil<)ri<li<ti  tifi^oM  nml  pintiitnin  art*  tiN^iallr 

•parrti   Uy  nfting   upon  the  mfiaU  vrith  naflo-nt  ohloriMH,  Mov-cU-'pctl   b/ 

iiyJrsrhloric  and  nilrio  at-ids.     Smiftim*^,  on  tlm  otli/r  haml,  tliu  ntt'tal 

■Si  in   th«  ua9C4*nt  nt&tt*,  as  whf'n  tilnttirt  rhloriilt^  In   rnrin»il    liv  p.tsitint;  a 

irrent  of  chlorine  ovor  a  hratc>d  mixture  of  rharoonl  and  titanic  oxido. 

le  chloridM  of  alnminiam  and  ohromiam  may  ba  obtainod  by  aimilar 


2.  Chlorine  pas.  by  its  action  npon  rontallic  oxidcn,  driros  out  the  oxy- 
•n,  and  unites  wUh  tho  reapoolive  metals  to  form  ohloridi^.     This  n-atv 

lon  s<tu'^tLin*it  lako  pl.titu  At  onlinary  tt-mperaturra,  as  in  tliij  caMi  with 

Itver  oxide  ;  s'luwtimcs  mily  at  a  tM  iwni,  as  in  th?  cnae  with  the  oxidfji 

thr  nlkali-ini'taU,  and  alknlinA  (Mrtii-mctftls.     Thi*  liydroxidi^s  and  rar- 

)n.iU'»  of  tJirfi6  laat  metals,  when  dii^Aftlvvd  or  KuspiMi'hsl  in  h«t  watttr 

d  trcat'M  with  exoeas  of  dilorlno,  are  converted,  chivlly  into  ohlurldva, 

partly  into  cliloratrtt. 

3.  Many  m**tanio  chlorldt^  are  prepared  by  adinpc  opon  tbo  metal!!  with 
kydrochloric  acid.     Zinc,  oadmtuni,  imn,  nirkrl,  colmit,  and  tin  diii«nlv« 

lily  in  hydrochloric  acid,  with  liU-ration  of  hvilrot^i'n  ;  copp^'r  only  in 

biiilin^  aeiil  ;  silvrr,  menury,  pallailiimi,  jdAtinuin,  and  (;o)d, 

S(ini('titni>M  ttto  niotnl  is  nnlntitiiU'*!,  not  Uir  liydro;T|^n,  but  fur 

m^>tal.     KtiinnouH  ohloride,  fnr  instance,  is  friH^uenlly  mado  by 

Ltslilling  mctatlio  tin  with  mercuric  chloridi;;  thus:  Ugi.-l,  -f- Sn>a!5nCl,4* 

Is* 

4.  By  difl«alving  a  mutalUo  oxide,  hydroxide,  or  carbonate  In  hydro- 
lilorii*  aL'id. 

All  iiionorhlnrtili'fl  and  diphlorid(>fi  am  snlnbln  in  water,  oxc-opting  silror 

ilorid^,  ArCI,  and  uiorcurous  chloriilo,   MgjCl^ ;  lead  chloride,  PbCl,.  ia 

laringly  aoloblo ;  tbi-se  three chloridLit  are  easily  forro'vl  hy  precipitation. 

tany  metallic  chlorides  diAKolvo  aUo  in  al«diol  and  in  KthiT. 

Most  nioniH-lil'iridLit,  dlchloridee,  and  trichloridfs  volatilizo  at  high  tcm- 

•ratnrt'S  without  deoomiKMiiion  ;  tliA  higher  chloridt-s  whc>n  hi*ati>d  give 

part  of  their  chlorine.     Somo  chlorldeA  which  rvt^idt  thu  action  of  httat 

|nn*j  art4  deoompfMitl  by  ignition  in  thu  air,  yitdding  mutallin  uxldett  and 

oldorine :  this  is  the  case  with  the  dichlurides  of  Imn  and  mnngantisv : 

ml  most  dic'hlorides  remain  undeoomposed,  evon  in  tliis  catic     All  mrtal- 

lic  chlorides,  excepting  those  of  the  alkaU-metnls  and  earth-mt<tnl9,  aro 

[iecompostil  at  a  ^^^d  heat  by  hydrogen  gas,  with  formation  of  hvdrot'hl'irio 

[Acid  :  in  this  way  metallic  iron  may  bo  obtained  in  fine  eubic-at  cryNtnlf. 

Silr»fr  chloride,  plawd  in  oontnct  with  metallic  sine  or  iron,  un>lcr  dilut" 

flulphnriu  or  hydrochloric  add,  ia  reduced  to  the  metalllo  state  by  the 

uartcttnt  hydrogen. 

Sulphnric,  phosphoric,  boric,  and  arsenic  acids  deoompono  most  metallio 
chlorides,  sometimes  at  ordinary,  sometimes  at  higher  temperatures.  All 
metallic  chlorideK,  heated  with  lend  dioxide  or  mauganeee  dioxide  and  sul- 
phurti:  acid,  give  OXT  chlorine,  e.  ^.f 

INaH    +     MnO,    -f-    2U,Si\    =    Na.SO,    +    MnSO,    +    2n,0  -f-  CI,. 
>i1tuni     aHD'4^nr«c       Suli'^iurlc  Sodium        Mitigtnoua 

llurlCe.       (Jluxltle.  aciU.  aulpltnte.  aalpliiitv. 

34 
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Chlorides  distilled  with  sulphuric  acid  and  poljuaiuw  i:liroinato,  ,vi.«ld  a 
dark  hluitih-red  distillate  of  cliroiuic  ox/cliloride.  Some  metuUic  chluridt^ 
are  deoompoaed  hy  wtUrr,  ftirming  hydrovhlorio  add  and  an  oxyclUoridu, 
e.  g. :  BiCl,  +  H«0  s*  2I1C1  +  UiClO.  The  ubluridea  of  auiimonj  and 
atauuuus  chloridu  are  dei.'ompost'd  in  a  smilar  manner. 

All  aolnble  chlnrideti  givo,  with  solution  o(  triiver  nitrate^  a  whlto  prccipi- 
tAte  of  silver  chlurido,  uoi^ily  tMlubit;  in  anuuuuia,  liiiiuluble  in  niirlo  acid. 
With  mercumas  nitnii^^  ihey  yiold  a  whittt  cunly  precipitate  uf  mcrcuruua 
chloride,  blackened  hy  ammonia ;  and  witli  ir<ui-»iiit»,  not  too  diluto,  ft 
whit«  precipitato  nf  b.^ad  utiloride,  suluMtj  iu  t'xcvtts  of  water. 

Metallic  ahiorid*'*  unito  with  t-ncli  otb«'r  and  witli  Iho  chlorides  of  the 
non-raetallic  clt^mL-nts,  foriniiif;  suob  coiupounda  oa  potasBinm  chloromirr- 
curat«,  ^KCI.HgCl^,  sodium  cbloropUtinato,  2^'aCLPtCl«,  jiotaiisiuu]  cblor- 
iodato,  KCI.ICI3,  otc.  Motallio  chloridi-a  Dombino  in  deHuita  pmportiona 
with  ammonia  and  organic  basce :  the  chlorides  of  platinum  form  with 
ammonia  the  compounds  2NH,.i*tCl„  4NU,.1HC'1„  2NlI.vHtCl„  and  4NHj. 
PtClj ;  mcrcuriu  chlorido  forms  with  aniline  the  compound  2C,H,N.UgCL„ 
etc. 

Chlorides  also  nnilo  with  oxid<>«  nxni  nnlphidt-A,  forming  oxydUoridcs  and 
snipko<Jdorulc»^  whioh  majr  be  regarded  as  chloridt-s  baring  part  of  thrir 
chlorine  replao^-d  hy  an  efjuivnleiil  quantity  of  oxy^jen  or  sulpbnr  (CI,  by 
O  or  S).  Bismuth,  for  cxamplo,  forma  afi  oxychloride  having  the  compo- 
sition BiClO  or  BiClj.Bi/),. 

Bromides. — Bromine  unites  directly  with  most  metals,  forming  com- 
p'laads  analogous  in  ei>mpo8itlon  to  the  chlorides,  and  resembling  them  in 
moHt  ot  their  properties.  The  bromides  of  the  nlkali-niet.ils  occur  in  aea- 
water  and  iu  many  saline  springs;  silvnr  bromide  occurs  as  a  natural 
min«rai.  Nearly  all  bromides  are  soluble  in  wuter,  and  may  bo  formed  by 
treating  an  oxide,  hytlroxide,  or  carboualo,  with  hydrobrondc  acid,  the 
solutions  when  evaporated  giving  otF  water  for  the  most  part,  and  leaving  a 
solid  metallic  bromide  ;  some  of  them,  however,  namely,  the  bromides  of 
magnesium,  aluminium,  and  the  other  earth-met.'vU,  are  more  or  less  do- 
oomp(.>tted  by  orn|mration,  giving  od'  hydrobromio  Oiud,  and  leaving  a  mix- 
ture of  metallio  brnmjde  and  oxid*?.  tnilver  bromide  and  mercurous  bro- 
mide arc  iusulutilu  in  water,  and  lead  bromide  Is  very  sparingly  soluble ; 
these  are  ubtaiu<*d  by  prfeipilati'm. 

Matallio  bromides  are  solid  at  ordinary  tem]M<raturcfl ;  most  of  them 
fuse  at  a  moderate  heat,  and  volalilize  ut  higher  temptiratures.  Tlie  bro- 
mides  of  gold  and  platinum  are  dvcom]xjsed  by  mere  exposure  to  heat ; 
many  otliers  givo  up  their  brominn  when  lieattHl  in  conto^it  with  the  air. 
Cfiforine,  with  the  aid  of  beat,  drives  out  the  bromine  and  converts  them 
into  chloridi^.  U^irochlortc  acid  also  decomposes  them  at  a  red  heat,  giving 
olT  hydrobromio  acid.  Strong  suifthuric  or  nitric  acid  deoom|>u&Otf  them,  with 
evolution  of  hydnjbromio  acid,  which,  if  tlie  sulphuric  or  nitric  avid  is 
ooncentrated,  and  in  cxcwss,  is  partly  decomposed,  with  separation  u( 
bmiaine  and  formation  of  sulphurous  oxide  or  nitrogen  dioxide.  Bromides 
httatnd  with  stJpkuric  acid  and  manrfanege  dioxide  or  jxHaj^ium  dtrovudt,  givo 
olT  free  bromine. 

Bromides  in  solution  are  easily  decomposed  by  chlorine,  either  in  the 
fbrm  of  gag  or  dissolved  in  water,  the  liijuid  acquiring  a  red  or  reddish- 
yellow  color,  atreording  to  the  quantity  of  bromine  present ;  and  on  agitat- 
ing the  liquid  with  ether,  that  liquid  dissolves  the  bromine,  forming  a  red 
solution,  which  rises  to  the  ftnrfai-e. 

Soluble  bromiditi  give  with  silver  nitrate  a  whit©  precipitate  of  silver 
bromide,  greatly  resembliug  the  chloride,  but  much  less  soluble  in  am- 
monia, insoluble  iu  hot  nitric  aoid.    Mercurous  nitrtUs  pruduuea  a  yellow iaii- 
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irbH«  prrcipitst4f :  and  lead  acettVe,  k  white  pr*cjptUit«  mneh  l«i  •olabU 

HI    WAt-fT    tllUl     lie-    .-Illrirl.l.V  ii,ll.:l .lr..l,-    t.r.-l  ii,  ..-    |n   atolntiOfl*  Clf  hft^ 

ijiL  1- •  !■.  r  ■•    .i.t,!:  ■.„■■.■.■>-■  .Ii'  '  Mniiitlft.      Pftllailinm 

l«^  ar«j  prrHt'iit. 

ilronutii«  uail«  with  sftrh  oifavr  in  lh«  mhw  nujuier  a«  cUUiridaft  ;  alBO 
with  QxUirs,  «utpliiilM«,  ftud  ntuuionift. 


Iodides.— T>i«^s<>  compnuii<U  arp  obtained  by  prooeaaiii  similar  to 
tbinit  wlui'b  ^ifld  the  L'lituriitif4  a.nd  IfrxtitiilirA.  Man/ nicjCaU  uiiilr  diri^'il/ 
with  iittliiie.  i'utJUHiuiu  nnil  ^•Nliulll  i>  Mii'lt*!*  L*x)e)l  in  (i*ML-water  oiwl  In  uian/ 
ult-9priti]f9 ;  ailviir  iijilid**  (M^urs  a.-^  m  natural  luiueraJ. 

MeLallic  Iodide*  are  aiialofiioufl  to  tiie  broniidiv  and  chlorides  In  ooupnaj. 

turn  aud  prupf-rtit«.     Hut  f>?w  uf  th«'m  arr  dtnx.>mpij>HKl  by  beat  alont- ;  thu 

iodid(*9  <>r  ifoKl.  tiilv*ir,   piatiuuin,  ami   |M.]ladiuui,  however,  give  up  thvir 

iodine      ' 

lio>-  H  aro  pcrfi'^ily  soluble  in  water;  bat  lead  iodide  U 

ry  «i.^..Lw  .^w. ,  and  th«i  todidua  of  ui«rcury  and  ailver  are  quit«  in- 

ubU*. 

Sulutiona  of  iodides  eYaporat«d  oat  of  contact  of  air,  generally  leave 

ydroua  motalUo  iodidi's,  whicli  partly  eeparate  in  the  oryvtalUne  form 

re  the  water  in  whully  driwn  otT.     The  iodiflee  of  the  earth-uietala, 

wever,  are  resolved,  on  evaporation,  inV)  the  earthy  oxidra  and  hydri* 

ic  acid  which  eftcapaf .     A  very  niu&U  quantity  of  chlorMc  colon  the  nolu- 

u  ytflluw  ur  brown,  by   partial   deoonijxiHiUttn  ;  and  a  »uiueHh.it  Inrcer 

OAiitiiy  Lakt^  up  tbt>  wliuli^  uf  tht>  metal,  foiuiiii}.i:  a  chloriile,  ami  fti-piiratiai 

I*  iodine,  which  then  givt.w  a  blue  color  Hjlh  6tar<'h  :  a  Htill  larger  quaji- 

[y  of  ctilorine  gives  the  liijuiii  a  pitlrr  colur,  and  tx^tivertM   the  tueparated 

ino  into   trichloride  of  iiMline,  which  does  not   give  a    blue  cob)r  with 

Starch,  and  fretfuently  eutera  intu  iMinubiuatiou  with   the  metallic  chloride 

produced.     Slmiig  siJ/}Aun>- aciW  ami  fl<^iniewhat  eonoentrated  ni'/n'r  cjn</ colur 

the  Bolution  yellow  or  brown  ;    and  if  the  quantity  of  the  i«>dide  is  large, 

aud  the  solution  much  concentrated  or  heated,  they  Ulpcrate  iurline,  which 

partly  wcapesi  in  violet  vajior.     Starch  mixed  with  the  bolution,  even  if  it 

be  rvry  dilute,  ia  tume^l   blue — permanently  when  the  dfi^iniposilion  is 

'tfded  by  aulphuric  acid  :    for  a  time  only  when  il  ia  eUoclud  by  uitrio 

d,  eapecially  if  that  acid  be  axlded  in  large  quantity. 

Tlje  aqueonti  solution  of  an  iodide  givea  a  brown  precipitate  with  salts 

Ugmuth:  orange-yellow  with  /wrf  aalte;   dirly-white  with  raprnm  salts, 

also  with  aifirir  aalts,  eBp«oially  on  the  addition  of  sulphurous  acid  ; 

niBh-y.'Ilow  with  mrrrurotis  nalta  ;  scarlet  with  wrrcun'r waits  ;  yellowish. 

ito  with  fiVrrr  Balt.H  ;  lemon-yellow  with   (jtifft  units;   brown  with  jilatinic 

alts — first,  however,  turning  the  liquid  dark-brown-red;  and  black  with 

SalU  of  fallmliuw,  even  when  oxiremely  dilute.     All  these  pre*  ipitalea  con- 

"  t  of  metallir  if«II<K'H.  many  of  them  soluble  in  excess  of  the  soluble 

ide:   the  silver  precipitate  is  insoluble  Jji  nitric  scid,  and  very  little 

uble  in  ammonia. 

lie  iodide*!  unite  with  one  another,  forming  double  iodides,  analo- 
to  the  double  cliloridi^  :  they  also  absorb  ammonia  gas  in  deDnite 
proportions.     Somo  of  them,  as  those  of  antimony  and   tellurium,  unite 
with  the  oxides  of  the  corresponding  metals,  forming  oxyitnlides. 

Plnoridea. — Theso  compounds  are  fonnwl — 1.  By  heating  bydro- 

Lunric  aciJ  witli  lertain  metaU.     2.  By  the  action  of  thai  aci<l  on  melallla 

:idc!».     3.   By  boating  electro-negative  metaln — antimony,  for  example — 

ith  fluoride  uf  lead  or  fluoride  of  mercury.     4.  Volatile  metallic  fluuridos 
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may  bo  prepared  hy  hosting  lluur-t»par  Mrith  Bulphurio  acid,  and  the  oxid* 
of  ih«  mcitA.I> 

KUlorldce  hare  no  metaltio  lustrt* ;  most  of  them  are  oosily  futiiblp,  and 
for  the  moet  ])art  ri^somblo  th«^  chlnriiLct).  Tht*/  are  not  ileciimpo&ed  by 
ignition,  citlu'r  alone  or  wh«'Uuiixrd  with  charc^>(il.  When  igiiitvd  in  iK>n- 
taitt  with  the  air,  iu  aHaniv  which  contains  aqueoiut  vapor,  uouy  of  tUvmurt* 
cotir**rto4l  into  oxides,  while  the  Iluurinu  in  ^'iven  off  an  hjrdruU uoric  otrit 
All  fluorides  are  decompLtHod  by  chioriin,  and  couvertud  into  uhluridca.' 
Thcyarw  not  dt'oomposed  hy  pfiMphoric  oruU;  unities  ailicaia  prtist-nt.  'I'hov 
ftfn  il<>oiitnpo«t>d  at  a  m-iitle  heat  l>y  strong  suljtJturie  acid,  with  t'orniatlun  of 
A  luotnllio  Mulphate  and  wulutiun  of  hydrutiuuric  aoid. 

Tho  lluoridf!)  of  tin  and  ailver  are  easily  soluble  in  water;  tliocte  of 
pbtassliiin,  8i>dium,  and  iron  are  sparingly  soluble;  thodo  uf  btroniiuio 
and  eatltuium  wry  t>lightly  Buluble,  and  the  rest  iiisolnUc.  The  solutions 
of  amnioiiiuiii,  potniti^ium,  and  sodium  fluoride  liave  an  alkaline  reoclion. 
The  nquetiuti  Holulioiia  of  fluorides  oorrode  glass  vessels  iu  wliiuh  they  arc 
kept  or  uva[H>rAted.  They  form,  with  solublo  aUcium'HuIls,  a  precipitate 
of  caldum  fluoride,  in  ih'^  form  of  a  trausparcnl  Jelly,  which  is  scarcely 
vinihle,  Ixvauso  its  refractive  power  is  nearly  the  sfluio  as  that  of  tho 
Iii|ui(l  ;  the  aiblitinn  of  aiiniionta  makes  it  jdainer.  This  precipitate,  if  it 
dotja  not  contain  siliwi,  dissolves  with  ditticulty  in  hydroehloric  or  nitrio 
aoid,  and  is  rt^preetpitnteil  by  ammonia.  The  aquetius  lluoridc>s  give  a 
pulverulent  precipitate  with  lefwl  at>*tate. 

The  (luoridvij  of  autiinony,  arsenic,  chromium,  mercury,  niobium,  os- 
mium, tantalum,  tin,  titanium,  tiuigsteu,  and  sine  are  volatilo  withoi 
det^-ouiposilion. 

Fluorine  has  a  ^eat  tendency  lo  form  doublo  salts,  consisting  of  a  flu( 
ride  of  A  b.'isic- or  positive'  metal  unilM  with  the  fluoride  of  hydroyen,  buroi 
aiiiouu,  iLu,  titanium,  lircouium,  ctu.,  e.  y. — 


Potassium  hydrofluoride 
Potassium  borotluoridn 
Potasaiam  silicofluori<lo 
Potassium  titannfluorido 
Potassium  staniiottuorido 
Potassium  zirijofluorido 


KHF,    =KF.IIP 
KUl-'j     =Ki'.IU''5 
K-JsiFj   =2KF.Sir4 
KJiF,  =  UKF.TiF^ 
K^nF,  =  2KF..Si.F4 
li/rF,  =  lilCF.ZrF^. 


Tho  four  classes  of  componnds  just  described,  the  chlorides,  bromidt-j 
iodidi^,  and  fluorides,  form  a  group  often  designated  as    haloid   oom^ 
pounds   or    haloid*   salts,  from  their  analogy  to  sodium  diluridu 
sua  salt,  which  may  be  regarded  as  a  type  of  tlum  all.     Tho  elemental 
chlorine,  bromine,  iu<line,  and  fluorine,  are  called  halogens. 

Cyanides. — Closely  related  to  theso  haloid  compounds  are  the  cyan- 
idus,  formed  by  the  union  of  metals  with  the  gmup  C'N,  cyauogeu,  which 
is  a  monutomic  radicle  derivinl  from  the  saturated  molecule,  C;_  N — 11 
(hydnH-yaniu  acrd),  by  abstraction  of  H;  ia  short,  the  cyanides  may  \m 
regarded  as  chlorides  having  the  elument  CI  replaced  by  the  oompouniL^H 
radicle  CN  (p.  17^).  HH 

Some  metaU — [wtassium  among  tho  numKT — are  converted  into  cyan-^^ 
ides  hy  heating  tiiem  in  cyanogen  gas  or  vapnr  of  liodrocyanic  acid.  The 
cyanides  of  the  alkali-meialtt  are  also  formed  (together  with  ryanates)  bjr 
pa.ssmg  cyanogen  gas  over  the  healed  hydroxides  or  carl)onales  of  ttu 
same  metals  ;  p(»lassium  cyanide  also,  by  passing  nitrogen  gas  over  a  tnlx^ 
tur«  of  charooai  and  hydroxido  or  carbonate  of  potassium  at  a  bright  n  ~ 

*  Froot  aXc,  tlie  sea. 


OXIDES. 


C^anidm  &re  fortniNl  Atianit&DUj  when  Bltrogc— m  otgaalB  M»- 

niuu  Kt*  h«at«d  witb  lixud  aJkftliw.    Othvr  atoAm  of  fennatiim  will  bs 
tionod  bnrraftrr. 
The  oyaui<li«  "F  th«  alkali -iuvUIb,  ami  of  bvlam,  Ktrootlrak,  oaldiun, 
[3UAf;u»«iutu,  aud  mercury,  aru  »i>tul>lv  ill  Mater,  and  majf  bv  produced  hy 
Uratiii^   the  ourreapvii'liiig  uxi'le^)  <.'r  liytin.txKlt'v  wiib  Lydrucyaiuc  acid. 
'J(<rarlv  all  othur  muUUic  c7aiiiil»->  are  iuaoluUc,  aod  arc  ublaiUHl  b/  pre- 
'Sipitatiou  from  tbr  ^olublf  cyAiii(l<-.'4. 

Tbe  e/anLd«s  uf  lb«  alkali-uiftals  sa^tain  a  r»id  h(<at  without  flf«ocn(M>- 

llioti,   proTided  air  aud  luoiyiunt    br  t'Xi.'itiilod.     The  cyauido  uf    tit-xiijr 

luAvy  in«*taU,  aa  lua<l,  Lruu,  oubull,  uickt<t,  aiul  cop^M^r,  Liuili<r  tJtt9« 

Ituioa,  give  off  all  their  nitrut^eii  ait  gtut,  aud  l«avu  a  u«'UlIit.<  car- 

kte;  nierourio  cyanida  ia  rviMdvtvl  iuU>  m'Tcury  ait<l  cyauogcii  go*; 

Wcr  ^aoido  give*  off  half  iU  cyanogen  ae  gaa.     Muftt  cy&nidt^,  wbfu 

i^kcat«d  witb  dUulu  acida,  giro  off  tbnjr  eyanogvu  a«  hydrticyauir  ai-id. 

Cyarudee  bare  a  struag  tcudciicy  to  uuil**  with  ou«  anutb*?r,  furming 

loubte  cyauides.     The  uinnt  iinp(>rtant  uf  thcao  are  tbn  duuUe  t:yaii- 

of  irou  and  potasaitiru,  nauxiy,  pfHntrnt^^errviu  cyanuU,  t'«*''i^i<i'N)«, 

tly  oalltwl  yelluw    prussiata  of  peCAili ;  and  polu**io-/ernc  cyuHuI*^ 

i(CN>«,  oommuniy  calU"!  r«d  proaaiate  of  poiaab.     B4>tb  tbrs*«T  ara 

Idly  cryfltalllue  saltM,   whkdi  dlaaolTO  oaaiiy    iu  water,  aud  (urui 

characteristic  precipilatiis  witb  many  tni'tallic  nalta.     Th»»c  «ait«, 

\\v*i  other  cyonidtifi,  will  \m  morv  fuUy  deacribod  under  "Orgftiuo 

Cheiuistry  ;"    but  thny  ari^  incntionnd  farro,  on  account  of  their  frw^uvut 

■ae  in  the  ^ualilativu  analyaia  o(  matallio  soluticnu. 
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Oxides. — All  metaU  combine  with  oxygen,  and  roost  of  them  in 
>reral  prn|KjrtlLin«.     Iu  aloMMt  all  eaaea  oxidve  nn;  furuKnl  oorreepondlng 

of»m{KMitiori  with  the  cLIoridefl,  on«  atmn  nf  nxygHri  taking  the  plaoe  of 
JAtoms  of  cblurino.     Many  motals  al^o  form  oxidud  to  which  no  chlorine 
jut«  an*  known;  thus  Ifail,  which  fonns  only  oni«  rhl'irido,  l*K'l„ 
E,  in  addition  to  the  raonozi(l<«,  Pb(.>,  a  dinxid«%  I'UI,,  I.H^idf'a  oxidea 
intenuediatu  com|Kwition  ;  osmium  also,  thu  hieh<«t  chloride  of  which 
\s  OsC'lf,  forma,  in  aiidittnn   t^^   thv   dioxi'le,  a  trioxide  and  a  tvtroxlde. 
Tbia  arises  from  \\w  fact  that  any  ntirnbt'r  of  atoms  of  oxygon  or  other 
rad  oh'mpnt  may  ontnr  into  a  compound  witbont  dUtarbing  the  balance 
rqnival**ncy  (p.  237). 

Just  aa  chlorid(*(i  are  dnrlved  by  snbetttntion  from  hydrochloric  ocfd, 

in   (p.  277),  so  likewino  may  oxides  be  dcrivwi  from  one  or  rnor-'  mole- 

\\ff>  of  watnr,  HjO  ;  but  a«  the  mnlerule  of  wattT  coutains  two  hydrogcn- 

[nnis»  the  rf'plac^ment  nf  thft  hydrojjpn  may,  as  alnyidy  explainwl  ^p. 

I),  be  Wthcr  total  or  partial,  tho  prmluct  in   thi*  first  case  l»ein«  an  «n- 

drnns  mi^lallic  oxide,  and  in  the  swnnd  a  hydrated  oxidt*  or  hylroxlde, 

which   tbe  oxygen  Is  Mdodatwl  Ixith  witli  hydrocen  and  withniftal; 

thifl  mannnr  the  following  hydroxides  and  anhydroua  oxidea  may  be 

niBtilul<*d  : — 


Hjrrtroxlde*. 
KMO 

Ba"R,n, . 

Ri'"no, 

Ae^nO,     . 
Zr'^ILO. 


iM' 


Oxidea 

K/) 

Ba"0 

Sn'»0, 


Sb',0 
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It  nwy  tw  ubservt^Hl  t)i:(l  lliv  hvdnixideM  tif  urlintl  inetals  contain  tl 
tcnUt  of  a  moleculo  ol  the  correitpuiuling  aiilijrdrouii  oxide,  and  of  oi 
moro  molecules  of  water,  and  may  therefore  also  be  rcgardtMl  as  hjr^ 
i4lfttai:  thus— 


Barium  hydroxide  or  hydrate 
Slannio  "  " 

Zirconium      *'  '* 


.     Ba"n,0,  »  Ba"O.II,U 

.    Zr**H,(  >^  »  Zr"0,.2h,O . 

But  thi>  hydroxide  uf  a  p<<ri5sad  motiil  vuntaina  in  Us  nioKicuk*  only  half' 
th»  iiuiiiIkt  nf  altitiis  nijuintl  tu  uuiku  U|j  a  iui4t'uult5  uf  uxidv  tD^ethuv! 
with  a  moleoalu  uf  water  ;  thus — 


^ 


KHO 
Bi"'UO, 


^  (Afl%Oj.H,0) . 


Potaautitim  bydruxidu     . 
Binmulh  hydroxide 

Arsenic  hydroxide  .         .         .     ^o  **v., 

Thonu  poriiisad  hydroxides  cannot,  therefore,  1>u  uurret-tly  regarded  as  hy- 
drate!i,  that  is,  as  oompounds  of  auhydrumt  oxide  aiid  water. 

Mauy  niftallio  oxides  ooour  aa  natural  minerals,  and  aouie«  especially 
thone  of  iron,  tin,  and  (vipper^  In  large  quantities,  forming  ore5  from  whiclx^, 
the  motuls  aro  extracted. 

All  inetuU,  except  >^ld,  platinum,  iridium,  rhodium,  and  ruthenium,^ 
are  eap.-tble  of  uniting  direclty  with  oxygen.  Some,  Ad  potaunium,  tuidium, 
and  barium,  oxidize  rapidly  on  exposure  lu  the  air  at  ordinary  tempera- 
lun'S,  »iid  ciecoiaprao  w.il^r  with  pniTgy,  Most  mt'tabj.  however,  when  in 
the  m'lssirn  statt%  remain  perfectly  bright  anil  uunulud  on  Lu  dry  air  or 
oxygen  ^0.1,  hut  oxidize  tibiwly  when  moisture  h  present;  Hueh  is  tlie  ojud 
with  iron,  zinc,  and  lead,  ^lue  of  ilm  ordinarily  permanent  metnjt^,  when 
in  a  very  finely  divided  Btat«,  as  loiul  when  obtaiuisl  by  ignition  of  its  tar. 
Irate,  and  iron  reduced  from  it*  oxidu  by  igiiitiun  tn  hydrugeu  ga.s,  take 
ffro  and  oxidise  Hpontan*H)U'tly  aa  HO«m  aa  they  come  in  uml.icl  with  tha 
air.  Lead,  iron,  copper,  and  the  volatile  mtrtaLt,  arsenic,  antimony,  zino,^ 
oailmium,  and  mereury,  are  ei>nverted  tutu  uxiden  when  heated  in  air  or 
oxygen.  Many  mntals,  e.sjiLHitally  at  a  red  tirat,  are  readily  oxidixed  by 
itatttr  or  Hteain.  A  very  gener.il  method  of  preparing  metallic  oxides  iti  Lo 
•ubhK)t  the  corrt^^pondin^'  hydroxides,  earlnmates,  nitrates,  Bulpliaten.  or 
»n\r  oxygnn-saltd  containing  volatile  oeids,  to  the  adioii  of  he.it. 

Oxides  are  for  the  mtwt  part  opjupie  earihy  IxMlics,  deatitnte  of  raetaUia 
luatre.  The  majority  of  them  are  fusible  ;  tiitiae  of  lead  and  bisriiuth  at  a 
Idw  red  he.it ;  those  of  eopper  and  iron  at  a  white  heat ;  those  of  hnrinra 
*nd  aluminium  before  the  oxy-liydrogen  blow-pipe  ;  while  ealeium  oxide 
«f  Hmu  d'Mjs  not  fuse  at  any  temprralure  to  which  it  hua  yet  been  »nb- 
l«vte<i.  Oxides  are,  for  the  most  part,  much  less  fusible  than  the  nnoom- 
blM»«d  luelaU.  Oumium  letroxide,  and  the  trioxides  of  arsenic  and  antU 
inony,  aro  readily  volatile. 

A  Kr«*»*«f  o*"  b''*^*'"'  degree  of  boat  efTeda  the  decomposition  of  many  roe- 

lallic  oxidi?*.     Those  of  goM,  plMiiuim,  nilver.  and  mt-reury  nre  reduced 

tl)  the  metallic  or  regnline  statf  by  an  ineipient  red  Ileal.     At  a  smnewhat 

liigher  t^-mperature,  the  hifiher  oxidr-a  of  Iinrium,  mdtnlt.  nickel,  and  lead 

•r*  redacei  to  the  state  of  nionoxid<*s  ;  whibi  tbr  trimetallio  letrfixidex  «>f 

Bftaptti**  azid  iron,  Mn,0,  and  F>'fi^,  are  prodneed  by  exposing  manga* 

ai^  A—iii.  JCnOj,  and  iron  «<vm|uioxide.  Fe,0,,  respoctivply  to  a  atiU 

MB^itf  Imm.     Br  gentle  Ignition,  nraonic  ]ientnxide  is  reduced  to  Uie 

ani  /^hri>mium  triuxide  lo  fM>flquloxide. 

HB^mM  the  metAls  are  easily  rtnluc^l  to  a  lower  stale  nf 

vilh  a  current  of  hi/timt/t-n  qnn  nt  a  more  or  \rnm 

Wa  higher  dp(rre<»  of  heat,  hydros:*»ii  gas  will  trana- 

tmb  idl  metallic  oxidm  except  the  sefw}uioxideA  of 
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aJaminiara  uid  ehraminm,  atid  the  i»oamdd<!«  of  iBAn(mB<<se, 


•  ->  at   «  heat  4juli 

-  X  iitill  tu<tr>-  ]Ht' 
>'UU  Ui  U>  rA|»ftli|i<  I'f 
'  Thr  nxifiiiaMr  mm-: 


tm.     The  I 


trm- 

•lliiit)    iif    (HlUH* 

<  'lui.-«4  from  ita 
; '■•tlitWA.      dtAnOUt  at 

^  u^ritl  tltau  hjrdru- 

r'-tju.  111^  all  UM-talUc  oxMoa 
al  Atl  an  rr*lui'tn>,*  a^ii'ttta. 
'  tli>ie<-!  uf  ttic  farth-mrtala, 
■u'  (ixvgi*ti.     Willi  silvtr 

-.. ,..  ruluroBi   with  Ihi' aJkalit* 

full  red  livat.     ^W/<iiur,  at  liigli  tciu)w>ratur«fl, 
>: ,  .V  oxi(l<»  :   with  manj  oxiiit-ii — th(Jt><*  of  nilvcr, 

tn«TT-ijrT»  livul,  aiul  uu]i{M*r,  for  inKlAlu-*.-— luftAlli^  sulphuliv  ami  ftul|»hur 
di'^xjrip  arf  pruiluoed;  with  th**  Ui^hlj'  luui^toua  uxidtM,  tbu  prtMlurta  are 
1.  iiihatt*  and  KulphidL*.     There  ari'  ikiuie  oxidrs  upon  which  pal- 

I  -  lut  artion.    Of  ihc^o  thi.-  principal  arc  magWfU,  Alumina,  vhro- 

D»c.  jiAiiniv,  aud  titanic  oxidiv.  Hy  Utiliii^  Milphur  with  soluble  hrdrvx- 
id«s,  mixtarM  of  prilyitalphidc  and  thl<i?iiulphat«  arc  prKilur^yi.  With  the 
eierption  at  nuiicnujiia,  alumina,  and  chnttuic  oxide,  must  awtallie  oxidua 
ean  a)MM>rh  Hulphureti^d  bydrugvn,  to  form  ukelalUo  iulpbido  or  b>'druaiil- 
phide  and  watiT. 

Oxygeo-salts  or  Oxyaalta. — It  has  X^evn  alreadv  explained  in 
,lhc  chapl4>r  nn   Oxv^^-n   (p.    i'l^t)  that  oxidfA  may  Iks  dividiHl  into  threu 
nriJ,  HfHtrnl,  and  luuU:  Wm  tint  and  third  lH>ing  capable  uf  uniting 
Ith  ont*  another   iti   d<>niiitt*   prop<>rti(tu»,  and  funuing  comptiuiidM  called 
ts.     The  mi4t  (>hara''t«*ri4tic  of  the  acid  oxide*  are  tUoiiti  of  ivruin 
dloidB,   UA  iiilniK<Mi,   »utphur.   &nil   pkiW]dioru«.    which   unite  rvadiljr 
fttfT  or  the  »'l<MtiMut8  uf  vrat«r,  forming  (x>in|K>uu<ii»  lallfd  uxygou* 
d»,  di^lin;^tiiali<>d  by  i«uur  XoaW,  »olubiJity  in  nalvr,  and  tti<.o  ^towur  of 
Ldttuiu^  oi*rtum  ve^i'lubl»  Uuu  txduns.     The  iiiueit  charartvrislic  of  tho 
in  ukiiIm,  on  the  othrr  h.ind,  are  tUo^io  of  tho  alkali -me  tab  and  alko- 
>  '•arth  iu"tnli)  (p.  273^,  which  liki-wist*  diaaoUtf  la  water,  but  (una 
.aliut;  iiuliiti<iii»,  posHiviiintf  in  an  •.■minrnt  defrreo  the  power  of  nruimiif- 
a4>idd  and  (urming  saltA  with  tlirm.     Th(*  8amp  pow«>r  lAexhibite^l  inoro 
leas  by  tho  monoxidtii  of  m<»st  otlu-r  m>'laU,  an  zinc,  iron,  coppvT  man- 
ia, isiti.,  and  by  tlio  nonijuioxidt*^  of  iiluniiniuin,  iron,  chromium,  and 
\Mn,     Tho  higher  oxides  of  Huvera]  of  these  nictalu — thi;  trIoxidcH  of 
umium,  for  itxamph>— exhibit  acid  charactvrSt  Iwiug  capablu  of  forming 
ith  ihp  morn  t)aitic  oxides ;  and  somti  metala,  fka  arMuiiUf  antimony, 
d)iuiD,  and  tantalum,  form  only  avid  oxides* 

In  suuie  uasci  snltit  aru  formt-d  by  ihu  dirt'et  combinAiion  of  an  acid  and 
liu  oxide.  Tbu».  wht'U  va|ior  of  sulphuric  oxidf,  8(>„  ia  pofused  over 
ji.  .r  i.trium  uxid<\  (tnO,  thu  two  combine  tog<.'th)>r,  and  form  barium 
;  iO.Siljor  lliiSiij.  tiilicic  oxide,  tfiOj,  phrrhjdiorio  oxide,  I'jO., 
,  U,Oj,  and  other  acid  oxid**9  uajiable  of  wilhittanding  a  high 
nperaturu  without  dtx-xmipotting  or  vtdatiliiiug,  iikvwiao  unilv  with  baato 
[id>>«  whiai  hrat«<d  with  thorn,  and  form  Hfiltt. 
But  in  (hu  majority  of  cad(*8  mutalUu  saIih  ar*>fonni'd  by  substitution,  or 
tt*^rchango  nf  mi.<tal  for  hydrogiin,  or  uf  one  metal  fnr  anoihrr.  U  in  clear, 
locd,  that  any  metallio  salt  (zino  sulphatu,  ZuO.SO,,  for  exampK')  may 
drriv'tKl  from  ihti  c<frrea|Kinding  acid  or  liydtogcu  salt  (ll,0.ti<>,)  by  siib- 
Itiitinn  of  n  metal  for  an  et^uivalunt  quantity  of  hydrttgbii.  Accordingly, 
Mallic  salu  arc  froqucntly  producfl  by  thu  action  of  an  aoid  ou  a  muUu 
a  metallic  oxi'le  or  hydroxide,  ihub— 
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caxMXSTftT  or  the  hktals. 


(O 

Bf^ravra 

+ 

z& 

~ 

ZaSO. 
2ta» 

+ 

H, 

(?) 

2UN0, 

+ 

S  lifer 
omide. 

= 

Siiier 
&ilr«icu 

+ 

H,0. 
Wftirr. 

(3) 

+ 

KUO 
Pol-autun 

= 

K.XO,- 

Poluaica 

Airrmtc 

+ 

Wftier. 

la  Ui«  in»Uxi«ei  represented  bj  these  eqaAtirms.  the  M0Ulli«  sails 
are  •olable  la  water.     lasolBMe  »alu  an  fri^qumtljr  prspftred  b^l 
ebaafs  of  th«  mKaU  belw«ea  two  aolnbl^  sails  ;  thi 


(4)     B^<NO.), 

Bltrmlc  salpikAtCL 


BaSO,  -J-     2.\a>(V 

B4riaa  Sodtam 

•cUphate,  nttratc 


la  thli  esse  the  barium  sidpltats.  bsins  insolable.  is  preelpitaled,  wbile 
the  sodium  nitrace  reaaaina  ia  sahKisn^ 

In  all  these  rcartkms,  bydnMhlerio  aeid  or  a  meulHo  chl<iride  nii|;ht  lie 
■uLstitnted  fas  the  otxTgeD-acid  or  ujcjgen-salt,  withvut  Uiv  »U^hi(.>6t  alu-r- 
atioo  in  the  mode  of  action,  the  prodAeC  fionned  in  each  case  bcmg  a  chlo- 
ride instead  of  a  nitrate  or  BulpUate  ;  th 


(0' 

2na 

t 

Zn         =       Zun, 

+ 

H, 

(2>' 

2Ha 

Ag,0    =     2.\j,^-l 

+ 

H,0 

(3>' 

Ha 

+ 

KHU    =      Ka 

+ 

H,0 

(4) 

AgKO, 

-h 

Naa     ==      Ago 

+ 

WaNQ,. 

FVosn  all  these  flotisideraiions  it  appears  that  oxTgen-salts  ma/  be 
gardcd,  either  u  oocopoonds  of  arid  oxi<les  with  Imuic  njcidtrs,  or  as  an 
gom  in  compcsttion  to  chlorides,— that  is  to  &ay,  as  oompounds  of  a  mvt^ 
With  a  radicle  or  gronp  t>f  elements,  soeh  as  NO,  {nitriome)  in  the  nitrates, 
S<\  {wmiphume).  In  the  sulphates,  dtsehafging  functiotis  simiUr  to  those  of 
chlorine,  and  capable,  like  ibat  element,  of  passing  unchanged  from 
ouut{M^und  to  anotfai^r. 

Kor  manjr  J^ears,  indeed,  it  was  a  snbjcct  of  diMnsaion  among  chemists^'' 
whcthc-r  Ibo  former  or  the  latter  of  these  ricws  sboald  be  regarded  aa 
pre»**nting  the  aetwU  ooostitntion  of  oxjgeu-eaits.  Benelias  diridcd  ealts 
into  two  claascs  :  1.  Haloid  salt^,  compri&ing,  aa  alreadj  mmtionnd, 
the  chlorides,  bromides,  iodides,  and  flaori<les,  whjch  are  oompoonds  of  a 
m«tal  with  a  monad  metallic  elcnwnt.  2.  Amphtd  salts,  consisting 
of  an  aci<l  or  electro-negatire  oxide,  Bnlphi<le,  »elenide,  or  iellnride,  with 
a  basic  vr  electro-positive  compouod  of  the  t»&me  kind  ;  such  as  potassiimi 
arsenate.  3K,0.As,0j ;  potaesinm  sulpharseu&te,  SK^SJU^;  poiassiom 
•«>leiiii> phosphate.  2Ky8e.P^^,  f*te. 

Davy,  on  the  other  hand,  ol^erring  the  close  analogT*  betve^n  the  re- 
actions of  ehlohd«s,  on  the  one  hand,  and  of  oxygen  salt),  such  as  sul- 
phates, nitrates,  etc.,  on  the  other,  Bnggested  that  the  latt4-r  might  be  re- 
garded, lilc  the  former,  as  compounds  of  metals  with  aeid  electro-negatire 
railiclfs,  Ihe  nnljr  difTtrence  being,  that  in  tht*  former  the  aeid  nuttele  is 
an  elrmentary  body,  CI,  Br,  etc.,  whereas  in  the  latter  it  is  a  ixiuipound. 
aa  SO,,  NO,,  I**3,.  etc.  This  waa  callpd  the  fciWry  tkrory  of  talts;  it  was 
snpiKirted  by  nuiny  Ingenioos  argunientu  by  its  proposer  and  several  con- 
ttfmpursry  chnuiittU  ;  in  later  years  also  by  Liebit;,  and  by  Daiii<?ll  and 
Mnier,  who  olmerreil  that  the  nuMie  of  decoin[>ut(ition  of  sails  by  th**  ebn'- 
ciirr«*nt  is  more  easily  represented  by  this  Iheonr  than  by  the  older 
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At  thm  prwwwt  dor,  the  i*lfttirA  m«irit«  of  thtttf^  two  thMri«*«  iir«  not  r^ 

.-   .  :■  i        '  t'li."!iii»itfl,  in  fftct,  no  lunj|;«r 

ri.'prtii*>nt  tlu*  arlual  arru]i);<«- 

i  ui'viiL-   III  Ik  ^'uii"  >i  II  I.  ih'    I'-tiii  ilii>  iKtw  in  UHo  liiYiii^  rathrr  in- 

■    U'  rxliiliil,  flnt,   tin*   balaiit-it  ur  iik*utratjxati<>ii   of   ttn^  iiiiltH   of 

.;-Mi.-v  nr  ut'iitiirity  (if  lilt"  Ht'Vt-ral  «'li'iii»'ii|j»  i-<tiit.iiiii*il  in  a  cNmipfiiintl 

'  u'l.  »(HX>ij(tlv.  thf  niftiiUfr  ill  wliirh  any  mniptatnri  or  irroup  of 

<  up  into  *ulH^riliuut«<  gr<m((«  uiidi-r  thf  iuflui'iiev  of  ilitTrriml 

r»=a^tuiu,     Ac«>rrliri;a;  to  lli>'  UttiT  rltrw.  a  o<iiu|MMnt<t  ivuilAiuin^  llin^  or 

nir»rp  fli^Drntary  aliUiM  may  Im  ri'pn-wiilwl    l>r  *ii(r»'n»nt   f«>miiila»  onmH 

«  ifh  (lit*  rt»'vnral  wjiyn  in  »hji;Ii  it  ilfrtini|><Mt'*i.     Tliim  liydrogrit 

^•titpliuric  lu-M,  U^\,  may  bv  rfprt>««rnti''il  by  (.'ither  o(  the 

.s«>,.  wJiirh  repr«'Sfnt«  iIim  m'paratinn  of  liydrnftm  anil  fnnuBtlnn 


4 


a  metallic  nulpliatc.  hr  tho  action  of  xinc,  etc. 
in)(  with  thr  hinarv  throry  of  Hdltii. 


this  tH  tho  fonnula  cor- 


Thiti  formula  n-jtrt^cntB  tht?  foruiaUon  of  th«  acid  br  dlrt^t 
•huric  oxiHu  ;  tlit*  iii<paratti>ri  of  water  ami  farmatlon  of  a 
t.  by  tU<<  artini)  of  iniif;ni'>tia  and  othor  arihyilrnim  oxi4liw  ; 

ii<i  III"  »*'}';ir;iii<iii  of  i^iitphiirlc  oxltlc  Aud  foruiatiou  nf  phoHphoric  acid  by 
action  of  phiwphoriu  oxitlv  :— 

3.   SOj.O,!!],  or  80,(011),.     Thl.4  fonnula  roprt«t*ntM  micli  rratrtlonn  u 

olhuinativoi  of  Uyiln<Ki'ii  dinxidv  by  thv  at^ion  of  hanuiu  dinxirlv,  HaO,. 

''     If  *^»*     Thia  ff»nnulti  rrprcftcnU  tlir  fomiatiun  of  unlpbiirjo  (u-lil   hy 

ftxi'ialion  of  hy<lr(>^4«n  fliilphiilo,  B1I„  aud  the  elintinatiou  uf  tho 

by  liitf  action  uf  fi.frruu]i  milphiilL*  ;— 

SH,.04  -h  I'cS  =   FeSO,  +  8H,  . 

Forma1»  of  Iho  third  of  th^Mie  typwt,  lik«  3*^^(^111) j,  wlilvh  reprosont 
i-acids  an  corapouiifls  nf  hydroxyl  with  rfTtain  acid  radichtt,  m 
Milphiiryl),  CO"  frarUmyl),  I'O'"  (jihuophoryl),  rtr.,  i'«irrfH|i«ind 
^Tv^l  variety  of  rcaotinnH,  and  art)  of  v«py  fr<Hinvut  UHe.  I'lu'y 
ihibit  iu  pariiftular  tliu  relation  of  the  oxygvn-auida  (liydroxylatca)  U) 
«OfTtiapon<ling  chloridea,  r,  y.  r^ 


(SO,)  (Oil), 
Sulpburtc  ncid. 

(P'>)f'»n), 

PhOMphorle  K«ld. 


Bulpliune  i^lilurld*. 

(I'0)(| 
Pbofpborle  ohlorldv. 


Bttneit^  nf  Aaidt. — yormnl.  Acid  ami  ItouhU  SaltJi. — Adda  ar«  monobaalo, 

lasic,  trihasic,  ftc,  acfordintt  as  thny  contain  on**  or  more  atonifi  i»f  hy- 
t.ir»'n  ropluwrtbh*  hy  niHtnls  ;  thus  nitric  acid,  UNO,,  ami  hydrochloria 
ri'i,  liri,  are  nionohatnc;  sulphnric  add,  H]A<J^,  in  bibaHic;  pbosphorio 
rill.  n,l'n„  i.i  triliai^io. 

Monobiisic  n<^ida  form  but  one  dass  of  salta  by  subatitutlon,  the  tuelal 
taking  tin;  phioo  of  tho  hydrogL»n  in  one,  two,  or  thrt't*  moli*culeii  of  the 
wid,  Ari!orilin;:to  ita  c(|iiivHU'nl  valno  or  atomicity;  thus  thn  action  of 
liydriHthlorio  acid  on  aodiuin,  sine,  and  aluminium  is  rcprefeenlfd  by  thfl 
equatioui ; — 

nn  +  Na  =  NftCI  -h  IT 
21  in  4-  Zn  =  Znn.H-  H, 
3Ha  +  Al   =  AlCl,  -1-  II,, 
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and  that  of  nitrU  acid  on  th«  hydroxides  of  the  same  metals  by  the  eqa&- 

tioiis : — 


HNO, 
aUNO, 


-f  .\a(HO)  =  NaNO,  +  II(HO) 
-f-  Rft(IIO),  Mm  Ba(NO,),  4-  211(110) 
-f  Al(llO),  =  AI(NO,),  +  3U(H0) 


J 


Bibaslc  acids,  on  the  othfr  hand,  fonu  two  classes  of  «alu,  riit.,  pnmirr^ 

or  acifl  Buita,  in  which  half  the  hytlrogen  ik  repUcwl  by  a  nuMal  ;   and 

rtmilury  mitu^  iu  which  tliii  wliolo  of  the  hydrogtm  in  thus  rcplnct-d,  tlio 


Stilt  beinp  callfHl  nnrmai  or  nrutrai, 
oontalmt  two  mutala  ;  tUiui : — 


From  HjSOj  is 

derived  KHSO, 

tt        it 

tt 

K^, 

;;  4^* 

n 
If 
it 
(1 

BaSO, 
KaK,(SO,), 

if  it  contains  uiiu  nu'tal,  and  tlouIfU  if  it 

S  hydro-potasflio  sulphate,  primary^ 
f     acid  pot&ssiam  sulphulu, 
C  blpotassic    sulphate,    secondary . 
(      normal  snlphatt^, 
barium  Kulpliatc, 
soilio-tripotassic  sulphate^ 
potassio-aluminic  stilpliiito, 
normal  aluminium  sulphate. 

Tribafiio  acids  in  like  manner  form  two  classes  of  acfd  salts,  prinuuy  or 
trcondiirtj,  ncoonling  as  one-third  or  Iwo-thinls  uf  Ihw  hydrogen  is  replaced 
hy  n  mttal ;  ulna  tertiury  gtjltx,  inoliuling  normnl  and  Houfilr  or  tnpiit  sttltn,  in 
which  the  hydrogen  is  wliolly  n-'iflaciHi  by  one  or  more  metals;  iu  (iuadri- 
baHio  acids  the  variety  is  of  <»ursv  still  (^rvntf  r.  ^H 

Tht^  use  of  the  terminations  ous  and  ic,  as  applied  to  salts,  has  alrcac^JHB 
been  explained.  We  havo  only  further  to  observe  in  this  plac«  that  when 
a  metal  forms  but  ouu  class  of  salts,  it  is  for  the  most  part  bettor  to  dntig' 
nate  those  salts  by  the  namr  of  th*)  metal  itself  than  by  an  adjectiru  end- 
ing in  ic;  thuB  potassium  nitrate,  and  Uad  tuiphaiCy  arc  mt<btly  to  Im.*  preferred 
to  potassir  nitrate  tiucL  ptumtne  sulpfiote.  Hut  in  naming  doublt^  salts,  and  in 
many  cases  whore  a  numeral  prefix  Is  required,  the  names  ending  in  ic 
are  more  euphonious  ;  thus  tripiunJjic  pfuHijihatc  sounds  better  tbiin  trilfoH 
photfihate^  and  hydrodisodic  phosphate  is  wrtaiiily  letter  than  hytlrvrfcn  and 
ditodium  pfiospfuUti  but  there  is  no  occasion  for  a  rigid  adherence  to  either 
ays  turn. 

Alt  oxygen-salts  may  also  he  represented  as  compounds  of  an  acid  oxide 
with  one  or  more  molecales  of  the  same  or  dilferuut  basic  oxides,  Including 
water)  0.  g. : 

Hydro-potassic  sulphate,       2nK(S0,)       =  H.jO.Kj0.2SO, 
Sodio-tripolassio  sulphate,     2N.'iK,(d(\)j  =  Na|0,3K/>.4.SO, 
Potssaio-aluminio  sulphate,  2KAl(60,)j    ^  K^O.AljOj.-lSO, 
llydrodibudic  phosphate,        2HNa,(P0^  =  UjO.2.Na,0.IW 

When  a  normal  oxygen-salt  is  thus  formulated,  it  is  easy  to  see  that  t] 
nunibur  of  molL-vulea  uf  acid  uside  conlainetl  in  Its  mulvculo  is  ei^aal  to 
number  of  oxygon-atoms  in  the  base  ;  thus  : 

Normal  potassium  sulphate,    K^SO^         ^  K,O.SO| 

*'      barium  sulphate,         BaStl^        =  HiiO.St.)^ 

•*      stannic  sulphate,         Sn(i>0,),   =  c?nO,.2SO, 

"      alumiuium  sulphate,  AljCBOj^j  ^  A1/>,.3S0,. 

When  the  proportion  of  acid  oxide  is  less  than  this,  the  salt  is  caUi 
basic;   such  salts  may  U.>  n'gardtnl  us  cum|H>uiids  uf  a  nunual  salt  with 
one  or  more  mtileculesof  liaj^io  nxide,  or  as  derivM  from  normal  salts  by  nut>-_ 
stUatioa  oS  oxygen  for  an  equivalent  i^oantity  of  the  acid  radicle  ;  thaa  S] 
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1  nitrate, 
aluiaiui- 
iuiphAt«, 


3PbO.N,0,     »  Pb(N0,)r2PW:)    ■■  Pb,(NO,),0, 


Till*  liut  mi^e  of  formulation  t^xliibiU  Iho  analogy  of  tlioeo  basic  ox,v- 
eallji  to  tliu  oxjcMorides,  oxyiodidcD,  (*to.  ;  thuB  the  basic  Irad  nitrate, 
Pb,(>'Ox)|0|,  junt  mt'ntioiKtl,  1m  analoguus  to  the  oxycblorido  of  tkat  invtalf 
Pb,Cl|<.)j,  wliifh  r»«ur»  native  aa  ni**n<ii]nt«. 

Tbe  tcmis  basic  and  auid  are  somctiuit-s  applied  to  ealtft  with  rcfornnno 
to  tlu'ir  action  on  vv^vtablo  oolorti.  Th*?  uoruinl  ftalta  formed  by  th<*  union 
of  tilt*  ittrongt*r  acidtt  with  thft  alkaliit«  and  alknline  earibn,  fiucb  as  potas- 
sium  flu1pbat«%  KjSO^.  barium  nitrat*s  iia(iNOj)j,  rlc,  arc  perfectly  neutral 
to  vegetable  colorit,  but  miwt  otlii>r  normal  saltti  exhibit  either  an  anid  or 
an  alkaline  reaction  ;  ttiun  ferroun  sulphate,  cnprie  anlphate,  silver  nUrate, 
and  many  otlirrs,  rvddi'n  liluius,  whilv  the  normal  cartwnatin  and  photi- 
phat44  of  thf)  alkali-wvtals  exhibit  a  decided  alkalino  reai;tion.  It  in  clear, 
theUf  that  the  action  of  a  ^ali  on  vegeiabluoolors  bvars  no  definite  relation 
to  its  com|iot!ii(ion  :  bonce  the  torni  mrmuil,  an  applied  to  sall»  in  wbich  the 
ba.iic  bydrofcrn  of  the  acid  in  wholly  r4*plaoed,  in  preferable  to  nm/roi,  and 
the  tcmifl  basic  and  and,  aa  applied  to  Halta,  are  bi^t  ufied  Ui  thu  manner 
above  explained  with  reference  to  their  ctimpoaition. 

When  a  normal  salt  i-ontaiiiing  a  monoxide  pruMeK  by  oxidation  to  a  iait 
rntaining  a  nesqnioxide,  dioxide,  or  trioxido,  the  quantity  of  arid  prwent 

no  Inn^'er  Kuftirient  to  Maturate  the  Ifase.     ThuH,  wben  a  «rfilutii>n  of  foi^ 

IS  Aulpiiatf',  Fi'.S<>,,  or  Ke<>.S()_,  (iroutiiinn  preen  vUriol),  ia  ex(M»Hed  lo  tho 
it  abuorlft*  oxygen,  and  au  imiolublo  ferric  Halt  is  pnMiiice«l  cr>ntaining 
exoeaa  of  baae,  wbilo  normal  ferric  aulpUato  remains  in  solution  : 


4(FeO.S<)0     -I-     0, 
Frrroui  mlpaatr. 


F«,0,.3S0.     + 
Normal  ferric 
■ulpbale. 


Bnitic  ferrfo 
sulplinla. 


These  baaio  salta  are  very  often  inHoluhle  in  water. 

Salta  containing  a  prii|»<>rtioD  of  acid  oxide  larger  than  is  sutDcifnt  to 
inn  a  neutral  compound  are  called  atiby  dro-salts  (Hometlmca,  Iboogh 
hpp>per)y,  aeid  HnitM)  ;   tbey  may  evidently  be  regarded  La  uuin{Kjuiida  of 

uurmj.1  salt  with  exc«w  ut  acid  oxide  ;  «.  g. : 

Sodlom  anhydroenlphate* 

(bisiilphftte  of  soda), 
PolOAHiiini  anbv'Iriielirumate     )  r  r»  /r*.^  \  v  /^•-y^  \  r>.j\ 

(blcliromateof  potash),        }  K,0.(CrO,),  =  K/CrO,).CrO,. 

fbUowIng  ii  A  list  of  tho  most  important  inorganic  acfds  arranged 
to  their  basicity  : — 


Na,0.(SO,),  =  Na,(SO.)lJO, 


Monobasic  Arids, 


nydmehlnHn 
Ilv'lrobroiriio  . 

lly'lri<»«Uc       •  , 

llydrolluurlo 
Mtrnua  . 

Niiric     . 

[[/(K^isulpbunmM  . 
Hy[Mipha!*pborouB 
Metaphotsphorio     . 


HCI 

Borlo     . 

IIHr 

Anlimnnic 

HI 

Ilyp'H'hloroua 

HF 

4'hlonni.s 

UNO, 

Oib.ri.*. 

HNCI3 

PiTehlorio 

li.SllO, 

Hrtimic . 

\UV\l/\) 

Iodic      . 

UP(L 

IVriodio 

nno, 

USIrO, 

lino 
arid, 

iiru)^ 

Ill's 
11  UK 


•  The  in-rnllei!  "  iin?iv*1ri>milphitcii"  are  now  rr|{fir4rd  ni  nalt*  o(  a  tUaUutX.  *K\a,^ 
prxb«ulphurlQ  acid,  H^«5,f^  fji.  187?. 
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Biba$U  Acids, 

1 

H/drio  (water)      , 

.     H-0 

Solenioui 

.      .   n^oo,  1 

SulpUydric    . 

.    iM 

Sck-iiiu  . 

,   ii^.i).  1 

SoIenhjLlrio  , 

.     ILSo 

Tdlurous 

,      ,    njco^  1 

Tollurhydrio 

.     U.To 

TeUuriu 

.     lljiX.), 

Siilphnroiu   . 

.     ll^StJ, 

Monganid 

.        .     ll,M«o, 

Sulphuric 

,     H^U, 

Ptfrman^^amo 

.     IljMnO,  J 

Pyroaulphurio 

,     U^O, 

CUroiaio 

.     U,CrO.    1 

Tliiaaiilphurio 

•     lli^i'Ja 

St&nnio 

,     li^nO,  1 

DJthionio 

.     H,SA 

MetaaiUoic     . 

.     U^iO,     ^ 

Trithionio       . 

.      H,S.l), 

Carbonic 

.    ii,a),    ^ 

Totratliiouio  . 

.      II:S/». 

Ptiosplioroiu 

.      .    u,(PriO), 

Puutathionic 

.     H,S,0, 

J 

Trihfuic  Atrid», 

1 

Orthophwphorio  , 

.     H,PO. 

Arsenio 

.      .    a.A»04  1 

Tetrtibn* 

ic  Acida, 

1 

Pyropluiaphorlo    , 

.    H.PA        1 

OrtUosnicio  • 

.         .     H.SiO,    1 

Thu  gener.ll  characters  of  moBt  of  tho  non-niiitallio  acids  mid  thvir  soli 
havti  been  alruAdy  oomiidered  ;  but  thu  phtmpUatfM  requiro  further  notit 

Pm>SPUATKs. — ThtTfl  aro  Ihreo  mwUficationaof  phoHi^horic  atid  :  ono  Us- 
ing monoba^iD,  thv  aocoud  tribosic,  aud  thu  third  Uttrabasic,  lu  indiualtxl 
in  tho  prt'cotlinij  tublo. 

llydrugvn  phoephido,  PH,,  1)urat  in  air  or  o^gcn  gas,  takes  up  fonr 
atoms  of  oxjTifcQ,  and  forms  trihydric  phoaphatu  or  tri  basic 
phosphoric  acid,  PUjO,.  Tho  same  aoid  is  proihired  by  lht*oxirlatiun 
of  hytHjphcfSphoroua  nr  phtispIiorouB  avid;  by  oxiiliKing  phoHphitriin  with 
nitric  acid  (p.  217)  ;  by  Die  decomposition  of  nalivit  i-alcium  pliosphato 
(apatiltj)  and  oth>'r  native  phosphnti.>8  ;  and  by  tliv  action  of  Uiiliiig  watt-r 
on  phnmphorut*  pentoxido,  Pj^^^.  This  ariii  forms  thn*  distinct  cUust^  of 
motalliosalta.  With  sodium,  for  example,  it  forms  the  three  salts,  NaHylH)^, 
Na^HPO^,  and  NajPO^,  the  Ur.-it  two  uf  which,  still  t-onlaiuinj;  replaucabltf 
hylrogen,  are  auid  milts,  while  the  third  i.h  ikw  nurmal  or  neutral  salt. 

If  now  thu  monosodic  phosphate,  N.iH,l*<.\.  bo  heated  to  redness,  it  gives 
off  one  mnlecnla  of  water,  and  l.-.-ivt-fl  an  anhydrous  niono?(oiiic  phosplialv, 
NaPO,,  the  aquiMiu-s  solution  of  whi»^h,  when  treated  with  lead  uiirate,^,^ 
yields  a  lead-salt  uf  oorrespoudtug  oompusitiou  ;  thus  ; —  ^^M 

2XaP0,  +  Pb(NOa),  a  Pb(POj)^  -\~  2NaN0, ;  ^ 

and  IhU  lead-salt  decomposed  by  BulphydHc  aold.  yieMs  a  monohydri 
acid  having  the  e(imi>n«tition  HPO,,  p<.H»e«iiinK  properties  quite  dia 
from  those  of  the  trihydrio  acid  above  mentioned  : — 


Pb(POa),  +  H^  =  2nP0j  +  Pl^S. 


Ptina 

1 


The  trihydric  acid  which  is  produced  by  the  oxidation  of  phnsphorns.  and 
by  the  deeomposition  of  the  ordinary  native  phosphates,  [k  called  ort  h  t 
phosphorio  aeidor  ordi  nary  phosphor  lo  acid  ;  ll\e  monolml 
acid  ii  calbHl    met  a  ph  ojj  ph  ori  o  acid.     The  former  may  be  resard 
09  a  trUiydrate,  the  latter  an  a  mnnohydrate  of  phosphorio  oxide  : — 

2n»Pn^  r>  P,0^.3II,0.  orOinpli,«ph<.rio  acid. 
2MI'(i,  =s  IV^."/^  metaphoaphorloocld. 


PUOSI'HATBa. 


S^O 


Both  &rw  nnlabla  in  vatrft  and  ibe  former  maj  be  prodaoed  bjr  tbo  aotion 

of  but!  '  itifT  by  Uiat  uf  (X*ld  water  uD  |>lu>9phoricoxid«.   Tbv/ 

arr  it-i  1  fitiiu  4fU(>  jiijtttlii^r  b^  tbi<ir  rraLlioiiA  wtth  albiuuia 

uid  w.;..  -.,-••  ....«.4t<.  BI(<laplitM9pli<irio  avki  cu«^uUi<'h  jiltHtmin,  ami 
giroi  a  wliite  pnvipitabe  willi  ailvvr  iiitrat« ;  whvrvafl  urthoplHMjiliurlo 
acid  do«a  not  ooa^'ulaM  albuiuin.  aiul  givfs  no  preoipitatu,  or  a  wry  alight 
ooe,  with  ailver  nitraU;,  tilt  it  ia  xitiUUaJiAwi  With  an  aliuUl,  In  which  vaae 
a  rvllnvr  pr«'cipitaU<  u  fariut<d. 

MetaphoHpUcric  acid  and  it;t  BaltR  dUTor  from  orthnphovphurii;  adil  and 
the  ortb«*phoiipbat««  hy  iUv  want  uf  ono  or  two  atuuid  ul  water  or  babe ; 
thus : — 

Mefaphoiphatat.    OrtbophoipatM. 


NaPO,  ^ 
Bad'O.),  ^ 
AgPo,  := 
Pb(PO,),  = 


IljPO  —     H,0 

N»H,PO»       —     11,0 

Ag.HO*  —  Ag.O 


iMordin^lX.  ^<*  f^^  that  metApbogplixites  and  orthnphnspbatm  ar«  oon- 
Tfirlible  onii  Into  the  other  bv  the  loss  or  gain  of  one  or  two  molcvulofl  of 
wsi^rr  tir  nit'lallic  has** ;  thus  : — 

«.   A  tHilution  of  in4>lapho»phonc  lu-id  in  onnrnrlcd,  iil«wl/  nt  nnllnarjr 

tesDprratarra.  qnicklv  at  the  tMjiliiig  heat,  into  ortlioplifxtphorio  acUi,  and 

tho  mtj-taphnaphaU^  of  umljum  and  liariinu  are  i^iiiVfrttNl  by  bollln;^  with 

wai*T  iiitn  th#  mrretponding  wononiotAlliu  orlbophitHphfttM  (seo  tbu  flral 

^^bnw  rH|iut)ons  above). — 0,  Tho  ineta phosphate  of  a  boav/  motal,  ailvi^r 

^^V]«ad,  for  cxamplt-,  in  t\nivifrtM  hy  boiling  with  wat«r  into  a  trinuttallio 

^^^MpHate  and  urthophnspliorio  acid  : — 

\        y.  Wb. 


3AgP0,  +  311,0  —  Ag,PO,  +  2I1,K\. 


^, 


y.  Wb«Ti  any  mrlAphoephat4?  in  fnsod  with  an  oxide,  hydrate,  or  carbon- 
ate, it  become*  a  trimctallic  urthuiiliuHphat*%  e.  ^. — 

NaPOi  +  Na^CO,  —  Na^PO^  +  CO^ 

On  the  other  ban'I  (J),  when  nrthopbospbnrlc  acid  fn  beatiHl  tn  rMm-.^. 
it  lotfeff  water  and  bt'oouwa  metaj.hosphoric  aci<l ;  and  wlien  a  iDonoiiiHallio 
orthnphniiphAt<<  iH  licated  to  rt^tlnewi,  it  alao  los«a  water  and  is  iranaruriiKtl 
into  a  melaplitmphate, 
lnt'*nuf^1iale  bi-twwn  orthnphoKph.-tt«'fl  and  mftaphosphateH,  there  are 
lea.-*!  thPM?  distinct  ola«n4-H  of  Halta.  the  mmi  im|>f>rtant  nf  whieh  are  tliit 
yropboapliMes  or  par  a  phoa  pha  kes,  whirh  mav  be  derived  from 
the  trtrahy.lrii:  or  qnatlribaHlrj  acid,  H,P,0,.  the  nnrm.il  WKliuin  ntiU,  f..r 
cxampK^  b.?ing  Na.P,0„  the  normal  lead  Bait.  PtsJ'A-  '•'«•  These  naKa 
may  be  viewed  ae  oompounds  of  orlhopbr«iphal^and  metaphouphato,  «.  <;..• 

Na,P,0,  M  Xa,PO,  +   NaPO,. 

Sodium  pyrophoKphate  ia  prtylured  by  henting  disodio  orthophoaphate  to 
redness,  a  molecule  of  wat*'r  being  then  given  off: 

2Na,nP0,  B  H,0  4-  Na,P,0,. 

The  aqneonsffoliition  of  thin  salt  ylolda  InsolnWe  pyrophoaphat<s  with 
lead  and  ailrer  saltii ;  than  with  tend  nitrnte  ; 

Na,P/»,  +  2Pb(XO,),  »  4NaN0,  +   Pb,P,0,; 
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and  lead  pjrophosphato  deoovnposed  by  bjdrogsn  salphide  jrieUls  h^dro* 
gen  pjrrophcMphAU;  or  p^rophocphoric  Mid : — 

Pb,P,0,  +  2H^  *  2PbS  +   H,P,0,. 

Pyrnphosphorio  acid  is  dutin^ished  from  Dietaphocipliork*  acid  by  not' 
ooaguUtiiifi;  albumin  and  not  prfH'ipitating  neutral  »>ulutiuu«  of  bariani  orj 
silver  »nlta,  aud  from  orthopbosphoric  acid  bv  producing  a  whit«>,  instc-ad, 
of  a  jtfllow,  precipitate  with  stiver  uitratr. 

Pyropho«pbat«fl  ar«  fOKiljr  oonverUvi  into  metJiphoepbates  and  ortbopbt 
phat«fl,  aud  vice  cerfA,  Ity  addition  or  abstraction  of  water  or  a  nietallio 
l^aae. 

m.  The  prD«luction  nf  a  pyrophosphate  from  an  ortliophnsphale  bv  Insa 
nf  water  boa  been  already  mentioned. — S.  Converaely,  wbeii  a  pyroplnw- 
pbate  121  buatud  with  water  or  a  baae,  it   bwom^a   an  orthopUospiiai 

'"^"*  Ka,P,0,  +     H,0     ->  2Na,HP0. 

Na.PjO,  -j-  2NaU0  =  2^a,i»0,  +  H,0. 

In  like  manner,  ortbopboepboric  ovid  bfati-d  lo  211^  \»  almost  entirely  oon 
verted  iuU)pynipbifi!phuric acid  :  211, It), — lljO^H,P,0,;  and  ounvvrtwly 
when  pyropbospbonu  acid  ia  boiled  with  wattrr,  it  ia  traaafonned  into  orthtK 
phospboric  acid. 

y.  >*yropliij«pboric  acid  beatM  to  dull  redneaa  i»  converted  into  meta- 
pboaphoriu  acid:  H4p,0, —  H,0aB2HP0,.  The  converse  reaction  Is  not 
eiwily  effect4Nl,  iiiaamucb  ab  nictaphoHphoric  acid  by  abaorbing  water  gtin^ 
rally  paaaea  directly  l<>  the  »tate  of  urthnphosphoric  acid.  iVIigot,  how- 
ever, obeerved  the  formation  of  pyropb<»ephoric  from  metapboepboric  aciii 
by  very  alow  absurptiou  of  water. —1.  When  a  metallic  metapbo«pbate  ia 
tr««l(il  with  A  prupLT  pn:>portiun  i)f  a  hydroxide,  oxide^  or  carl)onat«,  it  ia 
oouvurted  into  a  pyrupboi^pbatu  ;  thus  :— 

2NaP0,      +       Na^CO, 
MalaptiORpUate.         Carbonate. 


=       Na.P,0,       H-       CO,. 
Pyrophosphate.    Carbon  dioxide. 


Fleitmann  and  Henneberg,  by  fusing  together  a  molecule  of  sodium 
pyropboHpliato.  NajPO,.NaPO„  with  two  luolecuK-a  of  mf*ta phosphate, 
NaPO^  obtained  a  unit  having  the  composition,  KajPO^.UNaPO,  »  Na^P^O,^ 
which  is  winble  withont  dfcomposition  in  a  small  quantity  of  hot  wat«r, 
and  cryntallizpR  from  its  solution  by  evaporation  over  oil  of  vitriol.  An 
excftss  nf  hnt  water  dwiompoBWi  it,  but  its  cold  aqueous  solution  is  modtv 
ralelv  permanent.  Insoluble  phosphates  of  similar  imposition  may  b« 
obtained  from  the  »Mium-aaIt  by  double  de*K>ntpo5ition.  Heituiann  and 
Hrnnelvrp  obtain^  another  ervfttallizable  but  v.-ry  insoluhl.*  nalt,  having 
the  onmposition.  Nn,P0,.9>'aP<),  =  Na„P,/)„,  by  fusing  together  one  mole- 
cule of  sodium  pvrnpluwphate  with  eight  mnl."culea  of  the  metuphoaphate  ; 
and  insoluble  ph'n^tpbotea  of  similar  constitution  were  obtained  from  it  by 
double  decomposition. 

■  The  oomparative  composition  of  these  different  phospbntes  is  best  shown 
by  representing  them  as  oompounds  of  phosphoric  oxide  with  metallic 
oxide,  and  aasigning  to  them  all  the  qnanHty  of  base  contained  in  the 
most  complex  member  of  the  Series  ;  thus — 

6Xa,0.2P50j  =  '«^*^P*^. 

CNa,0.31V  >s  —  3Na,P,Oj 

BNa.0.41%04  *  2Na,P,f^. 

-rn,,Pj>„ 


Orthophosphate 

Pyrophosphate 

Fleitmann  and  Henneberg's  phoaphate  (u) 
•*                        **                     '•  lb) 

Metajihosphato 


6Na,0..',P,0j  =  Nn,,P 
6Na,0.6P,Oj » l2NaI*0, 


i 


BULPBIOCS. 


%n 


Metallio  Sulphides. — These  compoundji  correspond,  for  the  moet  part, 
ill  •-  nj,''*«iti<>ii  with  Hi*-'  oxiilos  :  thuit,  thiTL*  arts  two  sulphidti*  <if  iir^t'iilr, 
.\>/^j  aii'i  .\*^^s,  ^■•>rri-«i.M.»ii'Jiiig  willi  the  oxiiliw,  As/*,  aiMt  Ah/)^  ;  alM>,  two 
ftulplii'l<r-»  o(  mercury,  Hg,8  and  UgS,  aualogoutf  to  tho  oxideii,  Il^^O  And 
\1^.>.  <.V:casioimlly,  how«r«r,  we  luevt  with  onidei*  tu  wliiuh  thfri>  ur«  no 
C}TTi»ynv\\ti)t  niilphidi>9  (m&iif;&nKae  dioxide,  lor  exAiupU*) ,  aud  uuirit  fro- 
quently  sulphidrt)  to  wUk-h  thtrt^  aru  no  corn>t((Htnding  ozidi«,  the  niodi 
nnoarkiihle  of  which  ar*',  perhaps,  ttip  alkaline  iKtl^Kulphidra.  Putaft- 
siiitn,  for  **xaniph!,  formn  ih**  bLiriii«  of  «ulphide«,  K^,  K|2i|,  K,Sj,  K^S^,  nitd 
C^^,  th<?  third  aud  Hfth  of  whirh  hav«  nu  analogues  in  the  oxygen  S4'.rii*ti, 
Tht^re  ar«  al«o  hydrottuiphidLV  analogous  to  the  hydroxide'**,  and  cuii- 
taintug  tho  elismenta  of  a  metallio  sulphidu  and  hydrugon  ttuiphido,  or 
fulph.r^rie  acid  :  tf.g.,  potoiwiam  h/drmulphidt*,  K^.ll,^  ^  UKUij ;  U'od 
b^drocalphid*?,  Pb8.lljS  ^  PhlljH,.  Uydroaulphidcn  and  Htilpliid*^8  may 
hv  derived  from  Kulphydrio  oi^id  by  partial  or  total  ri'|i1aoruK'nt  of  tho 
hydrogfiO  by  naeLola,  jtut  oj  mutalUa  bydroxidua  and  oxidus  are  derived 
from  water. 

Moiiy  Tn>7t;intu  Hulpfaidt^  occur  oa  natural  inini'mlK,  dtpt'cinlly  tho  Btil- 
id**s  of  lend,  copixT,  and  racri'tiry,  wlii'h  allord  vahinliltf  onit  for  tlin 
traction  of  the  metals,  aud  iron  bistUphidu  or  iron  pyritt-H,  I*VH,,  whlith 
largely  uaod  on  a  source  of  sulphnr,  and  for  tho  preparaliuu  of  ferrous 
llphato. 

balphid<n  are  formed  artificially  by  heating  nu*talii  with  nulphur;  by 
ke  (ictinn  of  mi^tnls  on  goaaous  bydmgeU  iialpliide;  hy  the  nilitrlinn  of 
llph.iti.^*  with  hydro^t^n  or  charotuU  ;  by  h<;attng  nictnllif  oxtdi*H  rti  ^m- 
n  with  }^n.'te»tu  hydro^fu  sulpliide  or  vapor  of  uarbou  hiButphidf) :  and 
precipitation  of  inotrklhu  m:dutiomi  with  hydrogt-n  itulphideur  a  Hiiljdiide 
oUcall-tuolal.  ^MMll«  im^lalH,  ai*  wipjKT,  Irad,  Rilvrr,  bismuth,  im-roury, 
oodmium,  arri  pr*;cijMtAt«'d  from  lh<nr  acid  twlutioug  by  hydrogen  (ttil- 
Lidtf,  pxH.Hml  iiilJj  Ihcm  as  gas,  or  oddwl  in  aqueous  solution,  thn  sul- 
dm  of  thost*  loi'tala  Udng  insoluble  lu  dilute  ochls  ;  other*,  as  iron, 
dt,  nickH,  iuiiti<;Atif!«4i,  xinc,  and  nranium,  form  (tulphidnt  which  are 
iuble  in  acids,  and  ihcse  are  predpitated  hy  hydn>gcn  sulphide  only 
mi  Alkaline  ^oltitions.  or  by  auimoniuiu  or  polJSKiunt  ttulphide  from  ueu- 
d  Koldti'in.s.  M.tiiy  of  thrnt^  ttulphidt-s  oxhiliit  rharAttcristit;  t^olori, 
rhieh  serve  oa  imLicatious  of  the  presence  of  the  respective  uietals  In  Aolu- 

m  (p.  ::(M0- 

Metallic  sulphidos  arc  also  formed  by  the  redaction  of  sulphateiR  with 
inlc  substamwa  ;  many  native  sulphides  have  doubtless  b«wn  formed  In 
way. 

The  physical  characters  of  some  metallic  iinlphidce  oloBcly  rosomblo 
m  of  the  metals  in  certain  particiilam,  suoh  as  the  peculiar  opacity, 
lire,  and  density,  cspecinlly  when  they  arc  in  a  crystalline  condition. 
They  ore  generally  cryftt.illizsblo,  brittl»»,  and  of  a  gray,  pale  yellow,  or 
dark  brown  rolor.  The  Hulphidefl  of  the  alkali-metalH  are  soluble  in 
water;  most  of  the  othoni  are  iu^tdublc.  They  are  more  frequently 
fu»ible  Uiiin  the  cftrresinrnding  oxides,  and  si>uie  ore  volatili/able,  as 
■leroury  sulphide  and   arsenic  Aulphide. 

Many  sulphidt^,  when  hented  out  of  contact  with  atmospheric  air,  do 
not  undergo  any  deeolllpo^ition  ;  tliis  \h  tho  case  chiefly  with  thoHe  iV>n- 
tainiUj^  the  smalleHt  proportions  of  snlphnr,  such  as  the  moniwulphides 
iron  and  xinc.  S^ulphidivf  rontaining  larger  proportioiid  of  sulphur  are 
rtially  dei-omponted  by  beat,  losing  part  of  their  Hulphur,  niul  iM'Ing  con- 
led  Into  lower  sulphides  ;  aa  in  the  coso  of  iron  bisulphide.  The  sul- 
of  gold  and  platinum  are  completely  reduced  by  heat. 
the  simultaneous  action  of  heat  and  of  eulmtances  capablfl  of  com* 
llikg  with  sulphur,  some  sulphidca  may  be  decomposed.      Thus,  for 
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ria—  are  aly^yi 


tiurUiM#,  tUTVp 

placed  bj  hyini^m 

R«lao««l  bj  hiliM^  vitk  inn. 

BalphidM  wkidi  are  noft  ndond  k^ 
wiMD  heated  IB  voakaet  witk  «aKfK«a  ar 
•IkAli-ttkeUKs  and  aartkmHih  an  aMnfftod  iato  wlffcatw  Wf 
Zuic,  iroo.  niinginw«,  copper,  lead*  aad  UiiBilh  ■alpfcidee  are  eosrertcd 
into  andea,  and  salpkamaai  aotide  m  ytedaaed :  Wl  vbea  the  tenpevatura 
l»  not  above  dall  11118—,  aeaee  wliAte  m  JiiMtil  bj  direct  '"^ntmL 
MervBTT  uid  tUeer  aalpUdM  aia  tnmfiki/ttfy  eadaaad  to  tke  ■rtellWi  alaUh. 
SitiMt  luiiTv  latpkidca  fndaal^  aartwfcft  eltwliiM  b^  mmn  aapoeare  lo 
th<*  air  :  bat  H  ia  tkea  geMia4jr  toiiled  la  tbo  paodattfaa  ai  aatpkaUa, 
anUea  the  oaidatS«fc  takm  plaee  ao  tafidly  that  tke  Wat  c«*«t«ted  ia 
soScieal  to  dccMaapoee  thm  ealpfcetw  ttaft  peedneed.  la  the  |ai>d<>elam  oi 
wem»  meUiB  lir  ■»  » tke  awa,  Uia  wpereriii  «f  — Iphar  Ikai  the  aatire 
■BiMtab  is  efcctod  «lMijb7MaM  ef  tkfe  aeliM  la  Ike  eveealjoa  of 
toaelliiK* 

MelaUie  salplddw  am  diniyiil  fa  laoe  ^uomt  wWb  keatcd  with 
■etollle  eoddee  ia  eaitahte  pcepertiseH^  jiiiMi^  salpkanat  ande  aad  tko 
melai  etf  belk  ifceeaipfcidii  — d  iiwiii  liiad  ie  ladsead  freK  iIm  aalira 
aalpkide  la  tUa  ■noMr. 

Maaj  aKtalLJc  sal|Aade»  are  decnaipoccd  hw  ecida  ia  feaacaae  «f  < 
salplkarelled  hTdngea  htim$  aealT«4  vkile  iIhk 
tkei  wtik  tiw  chloeaaa  tadkle  vt  the  acid-     Sitrie 
dMveapoBca  iwal  salpliidee.  witk  twranti—  «f  »eUUk  axide,  aalpkane 
acid,  salpkar,  aad  a  lever  asida  ef  ailinaiii^    Nil 


Smfphmr-Sm!rt,~lkm  ealpUdta  ^  4ke 
wHk  tkoee  e€  ike  aMire  «Mm 
lacietlie  iihaiaia,  fefftag  smlpkmr^alta, 

8»l|ka<aiUwini',  C,C3^    =  ^^^^ 
AiaMMfte.  1i^AaO«  «  »/>  *eA 

SalpkuMAftle,     SS^AsS^  »  3C^JU^. 

Salanidaa  and  Tallarldaa.— Tkeei 
ia  la^ejiaitliai,  aad  ia  bmbt  of  Ikcir 
warn  «M  vilk  tke 


rTnuplim  tke  carl 


ef  irao,  vkkm 


easi-iiao  aadMccL 


rOTAK»itM* 
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POTASSIUM. 

Atomie  Weight,  aOkL    ttymboL  K  tKnUuin). 

P<yrAMnm  wa«  diapoT-cr»«l  in  1607  b^  Sir  H.  Davy,  who  oMalnwl  U  In 
verj  small  quanliiy  l)V  vxirtisiii^  s  piueo  of  moifiu-nt^  |K)tAsBiuiii  hvilroxide 
to  Ui«!  action  of  a  jM^ntTful  I'oltnic  Imttorv,  thi*  alkali  bt^iitj;  pliu?i*fl  U'twocn 
%  pxir  of  jjlAtinum  pljites  connHct»?d  with  thi*  HppnrntUH.  Prooi"**"-*  hnvo 
ftlfic«  b«eu  drviscd  for  Dbtaining  this  lui'tal  in  almost  any  ijii/intity  that 
can  he  desired. 

An  intimate  mixture  of  potaasiuiu  carbonate  and  charcoal  la  prepared 
br  calcining,  iu  a  rovirmd  iron  jmiI,  thu  crudi*  tartar  of  c^imiuerce  ;  wlini 
cold  it  in  rubbed  to  |Kiwder,  zuized  with  oiie-t^fnth  part  of  ohartxial  in  suiall 
luuipH.  and  quickly  traiuferrvi  to  a  rvtort  of  ntont  haniintTcd  in>n  :  tliH 
latt*'r  may  tn*  nntj  of  the  iron  Uittlt^  In  whicli  mercury  is  Impttrtcd.  The 
retort  ip  iiilro4lui'4><l  into  a  fuma<?<>,  a  (fi^.  147),  and  plooed  horizontally  on 
lapports  of  firo-iirick,  /,/.  A  vrrouj;iit-ir*pn  tube,  rf,  four  indu-**  Iohk, 
to  convoy  the  vapors  of  jtotaiisiuni  into  a  recrivfr,  *,  forniiKi  of  two 
of  WTUught-irim,  n,  b  (fiff.  H8),  which  are  fitted  i-luaely  to  vach  other, 

rig  l«. 


so  as  to  form  a  shallow  box  only  a  qnarter  of  an  Inch  deep,  and  aVe  k«pt 
toscthor  by  clamp-R<>rPW8.  Thf  iron  plate  Hhmihl  Iw  onr-sixth  of  an  inch 
thick,  twelve  inches  lonjr.  and  fiv.^  inchi^  wide.  TIip  receiver  in  oih-ii  at 
both  ends,  tlic  Bot;k«t  filtinj:  it|H^>n  the  m-ck  of  the  Inm  boltU-.  Tin;  ol'Ject 
of  pvinj;  Ihn  P-H-t-ircr  this  ilntli'nt'd  form  is  tn  iiiMiir*!  the   rafdil  oMilin^  of 

i»»  pota^Hinm.  and  thus  t«  withdraw  it  fnmi  tho  action  of  the  rnrlmii  nion- 

tide,  which  is  (li?ienffa{,'i'd  durinf;  the  entire  prooess,  and  has  a  Blrong 
deucy  to  niiite  with    the    i>ota)i^iuni.  fonnine  a   clanpi*roualy   t-xplosive 

mpr>and.  Before  connerling  the  receiver  with  the  tube  rf,  the  fire  is 
rly  raised  till  the  iron  Wtle  attains  a  dull  rmi  hent.     Powdered  ritri- 

*d  borax  is  then  sprinkled  upon  it.  whieh  mulu  and  formi  a  coating, 

Ofi* 
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■ 


stfrriiig  to  protMt  the  ifa«  froB     ■""■   ■      TW  heat  it  Ukam  to  W  i 

uutil  it  i£  vvrjr  iotcace,  caf«  ben^  takes  ta  nite  b  ■•  efttaOy  m  ^m 

throughout  ever/  part  oi  thx  fankaee.     Wkea  a  fall  inal^iali  wfcilt 

U  AtUUDod,  rapon  of  tiiiftiiBW  W^ia  to  appear,  aad  bwB  vilk  a 

flame.     Thv  rvceircr  a*  thM  adjaatod  to  tW  asd  of  ilw  talia, 

not  pmjrct  mora  ilun  a  qaMtiir  of  ■■  iatfc  Uu— ^  tha  kaft  fl 

the  front  wall  of  tbe  farnaoe  :  i<hi<  a  mc  the  take  is  laaUa  to  ke  • 

b/  thv  aocamalatioa  «f  adiid  pfilaaiiaM,  ar  «f  the 

aborts  inentiooed.    Sboald  aaj  otetracttoa  ooear,  ll  sBtt  be  nntoral  I7 

thrusting  in  an  inm  bar.  attd,  if  t]ii«  Cul«  tka  tr«  nraat  b»  iHtoadsalcl/ 

withilravQ  br  rMuoring  the  fcara  fio»  the  tamaor,  viih  tha  axocfOoa  ctf 

two  which  suppctft  tke  iroa  buCt&e.     Thft  rvwarcr  if  Iccyc  coal  l^*  Iha  ■jf>i 

catiuii  uf  m  wet  cloth  to  ita  oataid*.     Wh«a  the 

the  re<ceirer  with  th«  potaaawto  ii  iMaavad  an 

a  vvisA  of  Kctifled  putwiliaaM,  fiwiifciit  with  a  flDvar,  aaA  fcvfl  caal  kf 

iuuiHTiion  in  water.     Whe*  tha  appaiataa  at  aaAacntlj  awili<  tha  finlta 

sium  ii  detached  and  priaiirrad  aader  pftPtliM 

If  the  potatuium  be  waaleii  afatolatdj  pan,  it  toasl  ba  aftcrwaitlt  ra- 
diitlilltjd  in  an  irun  r«tort,  iat»  which  aoiae  naphtha  haa  be«A  fmtk,  that  ila 
TaMr  naj  expol  the  air,  an4  pravcnt  uiidtliua  «f  Uw  wtoL 

PotaMiaia  i*  a  brtUiJuiC  white  B»etxl«  with  a  high  4cgrc<r  of  lavti*;  ai 
the  oominon  teinperatorv  of  ti»e  air  it  u  asA,  aad  aiaf  t«  catjjr  au  with  a 
knire,  but  at  OO  C.  (3:20  F.>  it  it  brittia  and  cr7*lalliiH^  It 
ptetely  at  62.50  C.  (l-Uv4S  V.},  and  distilt  at  a  km  red  toal.  It 
water*  its  tpecilc  gravii/  bean;  uol/  U.N^^. 

Jixpuaed  to  the  air,  poCaauiua  oxtdixed  inauiiU/,  a  tamiih  eoratlag  tha 
aiuiaoa  of  the  metal,  which  i^uickljr  thidkvoa  to  a  cnut  uf  caustic  potaak. 
Thrown  apou  water,  it  tafcot  Are  apontanaooaljr,  and  btuiu  with  a  b«aa- 
tiful  purpl«  flaine,  jielding  an  alkaline  aolation.  When  it  it  bmo^t  into 
cunlacl  with  a  little  water  in  a  jar ^s landing;  orer  Bherearr,  the  lii|Oid  ia 
d4KXHiipot««l  with  great  energ/,  and  hydru^en  Uberattfd.  Potaaaiam  is 
alwa/t  preserved  under  tha  atuitoe  of  p^Tl^flm 

Potaaalnm  CUorldOp  KC1.— This  aalt  b  obtained  in  laifv  qoantity 
In  the  iiuiuufai  iii/e  of  the  chlorate  ;  it  is  eaaily  porified  from  anr  portioiM 
of  the  lalttir  by  expusure  to  a  dull  red  beat.  Within  the  last  fcw  years, 
larjfu  quantitiat  of  this  talt  have  been  obtainfid  frum  s**a-wat4fr,  by  a  peen- 
liar  prooeas  laggntad  by  U.  Balari.«  It  is  ah«o  contained  in  kdp,  and 
IS  leparated  for  the  asAof  the  alam-mak-T.  Consiiierable  qoantiti^^  of 
It  are  bow  obtained  from  the  aalt-beds  of  Staasfnrt,  near  Macdeborg,  in 

Potaaaium  chloride  olostly  renemble*  common  salt  in  appearsnoe.  saaam- 
in^f.  like  that  sutjctanoe,  th«  cubic  fcrm  of  crvstnlliiation.  The  rrwtala 
duKilre  m  three  paru  of  oold,  and  in  a  mnch'tmalUr  qnantitT  of  boiling 
water :  they  af«  anhydrous,  hare  a  simple  aaline  taste,  with  siiubt  bitter- 

":T**'  I*?    '^^  *'"'"  *^*f^*^  »"  «  red  heat.     Polaaaium  chloride  ia  yola- 
tUised  by  a  r.jry  hi;^h  Itimperatnre. 

Potaaainm  lodlda,  Kt.— Thpre  are  thr««  different  methods  of  prepar- 
ing (his  uuiwrunt  mr*.Jical  Mniipounrl. 

(1)  When  iodine  i«t  added  Ion  srtrong  snlntjnn  of  canst  fo  potaah  fVfO 
from  carbonate!,  it  in  diasoWM  in  larjjp  qnantitv.  forming  a  ooloi-]«8a  tola- 
tion  oontaininiT  ffoiaaiilum  Mide  and  iodate  ;  "the  reaction  is  the  aam?  as 
in  the  analogoaa  oue  with  chlorine,  Whi-n  th(»  wilution  begins  to  be  per- 
manently ooloml  by  the  iodine,  it  is  pvtporHt*«l  lotlryiirtis.  and  oantfously 

9  R«rporta  bf  tha  Jurlts  Qf  Ibe  lalecnutlqnsl  ^»hlbll)orf  pf  IMS,  Class  U, 
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to  rednMi,  bj  which  the  lodato  is  entirely  converted  into  Iodide. 
IS  it  th«n  diisolvcd  id  vrA(«r,  tuid,  after  filtration,  tuadv  tu  eryhUd' 

(1)  iudinc,  wat«rf  and  irou-fillngt*  or  acrape  of  zinc,  are  plarrd  Id  a 
wiuiii  silualiciD  until  the  cuiabiuatiun  iA  LOiupU>t«,  and  lUt?  Hululi«»ii  color- 
Kr^.  Thv  rv^ulting  iodide  of  iruii  ur  zinv  in  then  lilUTvd,  aud  vxmm\y  div- 
ouutpooc-d  with  aolutiou  of  puro  pvtai>>Hiuui  c^rUmiitt*,  great  carr  Wdug 
U.k«-ii  tu  AVoid  rxc«nu  of  ilu)  lailor.  I'utiueium  iodido  aud  f»rrouH  rarbon- 
r.  or  ziiitT  carlHitLitt?,  aru  thiiH  ubtaiinHl  :  tliu  fi>nii**r  in  afparatttl  hy 
tratioii,  n.ii)J  t^'vaptirdUwl  until  t)w  miliUiiiii  is  sufrwit-ntlv  cout^ftitrnttnl  to 
^AUkiliae  uu  txjuUug,  the  wuhiii{j.4  ul  the  hltcr  U.>iu(;  added  tu  avoid  tiwa: 

Fel,  4-  K,a),  =  2KI  -I-  F«jCO,. 

(3)  A  JttTy  simple  method  for  the  preparation  of  potassium  iodide  was 

ipo»ud  by  Lifbi^.     Uue  part  uf  auinrjiluiti^  plumphuruif    ta  arldtnl    to  40 

of  warm  wal^r  ;    2U  paru  uf  dry  iodine  are  lhi*ii  grndually  njldud 

intiuiat4*l.v  luixf^l  with  th**  pluwphuruH  by  trltttratiuii.    The  dark-bruwu 

[U)d  thus  ubtaiutHl  ut  now  ht-ati-d  on  the  wiiltT-liUtli  until  it  iNH-mni'tf 
ilorl'-ss  ;  it  la  then  iK)un-d  olT  Irom  the  unili>tm'lvi*d  ph(»i>phorui),  aud 
lUiralited,    Oral  with    l*»riitm    rarUrnnLe   and    then  with    l«r>'tn- water, 

tttl  It  bi-<xtiiji-n  rli^litly  alkaline  ;  aitd  ttie  inKoluhle  huriuni  pli<n«plinte  Is 

itert*d  uU  aud  wiLtiicMl,     TUe  tillratu  now  ouutaiiu  noihiug  but  barium 

ide,  which,   wbvii   treatud  witb    potjutsiuiu    »tilpbute,  yivbU   in»uluble 

riuin  sulphate  aud  poiandium  iodidt:  lu  nulutjuu.     lame  auawen  ucarl/ 

wuU  AS  lior/ta. 

Potaaaiuu  iudidv  crj^^talUses  in  cub««,  which  are  often,  from  some  uuvx- 
lain<-d  caaae,  mLlk-wliite  nnd  opatjue  :  tlu-y  are  auli/droua,  and  fuae 
dily  whun  healed.     The  Halt  id  vury  Holiiblu  In  water,  but  when  pure, 

*•*  uut  deiiqucaoe  in  a  muderately  dry  atmonphere :  it  la  diMulved.  by 
icohol. 

Sulutinn  of  potassium  iodide,  like  those  of  all  the  soluble  iodide§,  dia- 
>lvr»  A  largo  quantity  of  firw  iodine,  forming  a  dtwp-browu  liquid,  not 

«.»nH><te»"*l  by  water. 

Potassium  Bromide,  KBr. — This  oomponnd  may  be  obtained  hy  pro- 

lixaetly  similar  in  Itiorie  just  deMcrilted,  Auhatitntin^  bromine  for  the 
line,     tl  is  a  ailorless  and  very  soluble  salt,  quite  uudistiuguishablo  In 
ranee  and  geiu'ral  characters  from  the  iodine. 

issltim.  Oxides. — Potasttium  enmhiuf*R  with  oxyf:en  in  sevoral  pro- 
irtiouA,  forming  a  monoxide,  KjO,  a  dioxiile,  K-0,,  a  tetroxide,  K,(>„  and 
in-e  Mxi.hti  int'Tmediate  betw^-en  the  laat  two,  besiden  a  hydroxide,  KHO, 
vrresptmdiiii;  with  the  monoxide. 

/^(umium  miniojide,  K,0,  alxo  callwi  anht^irmttt  pottuJt,  or  potoMaa,  ia  formed 
u-n  (Kitasftium  in  thin  slices  in  eX|H>Hed  at  ordinary  tt-mperatures  to  dry 
Ir  free  frtjm  carlMu  dioxide  ;  al»n  witen  the  hydroxide  ia  heated  with  an 
^uivaleut  quantity  of  metallic  potai^^ium: 

2KH0  +  K^  =  2KiO  +  H,. 

U  is  white,  very  deliquescent  and  panstio,  (Yimhines  energetirally  with 
rater,  forming?  potasaium  hydroxide,  and  beoouies  incandescent  when 
ipisteueti  with  It;  mella  at  a  red  heat,  and  Tolatiliaea  st  very  high  tem- 
iratnrc*. 

KO 

Thei/ioride,  K^O,,  or      |  .  ia  furmcNl  at  A  certain  stage  in  the  preparation  of 
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thf  tetruxide.  but  has  not  been  obtained  quite  pure.  By  carefully  regulat- 
ing tht*  heat  and  suppl.v  of  air,  nearly  tJie  whute  of  th«  putassiuni  may  lio 
convtM'tKi  into  a  whilti  uxiJe,  having  nearly  the  ouinpositiou  of  th«  dioxidv. 
Au  aqueous  Roluliuu  of  this  oxide  i»  formed  by  ihu  aution  of  water  on  the 
ietroxidu. 

K— C>— O  I 

The  Mroxide,  K^O^,  or  |  .  is  produoed  when  potasaium  in  bnrnt 

K. — (J — (J 
in  exceai  of  dry  air  or  oxyg^tn  jfrw.     It  la  a  chromp-yt'ljow  powder,  whicli 
cakea  togethi-r  at  about  '2bV^.     U  alwnrJw  moiMturo  rapidly,  and  is  deoo: 
pf*wl  by  water,  giving  off'  oxygon,  and  furuiing  a  solution  of  the  dioxide 
VVhvn  gently  h**at4*<t  in  a  struaiu  of  uarbuu  moUoxide,  it  yields  potaseiuin 
ourbouateund  two  atoms  uf  oxygcu  : 

K,0^  4-  CO  —  KjCOj  4-  0, 

vith  carbon  dioxidr  it  acts  in  a  similar  manuor,  giving  off  three 
oxygon, — Uarcourt,   Chtin.  .Soc.  Juurn.,  Ib^il,  p.  2ti7. 

lly  passing  dry  air  or  nitrogen  mouuxide   over  potassium  hvati 
tomi>t!rature  below   lOLK^,  and  stopping  tin;  nviiou  at  ivrtain  stages,  the 
oxid.*s   K^Oj,    K^l)^,    K,0,,   are  obtained,   intermediate  U^tween  K.tl,  and 
K,04.~<l'Uptou,  Uiid.t  i87t>,  ii.  5<>5.) 

PoTAiiKini  HrnBoxinu,  KHO,  wmmonly  called  cauMlc  potash,  or  potat 
is  a  very  tiu]Kirlnut  uulmtanec,  and  one  of  great  jiraelical  utility.  U 
always  prfpareil  by  [Ummposing  the  earltoiiate  with  ralcium  hydrnxic 
(»laked  lime).  10  parts  of  potassium  carlxtnate  are  dissolved  in  UK)  part 
of  water,  and  heate<!  tu  ebullitiim  in  a  clean  untinned  iron,  or,  still  bettuTg 
silver  vessel ;  S  parts  of  good  quicklime  are  meanwhile  slaked  in  a  cover* 
basin,  and  the  resniling  ealeium  liydn>xide  is  addetl,  little  by  little,  to  tht 
boiling  solution  nf  carUmate,  with  fnijiient  stirring.  When  all  the  lii 
has  been  intrtxlueed,  the  niixlurc  i&  nullei'tHl  to  1x>il  tor  a  few  minutt^s,  am 
then  reiuovHl  from  the  Are  and  covered  up.  In  the  course  of  a  very  shoi 
liuif>,  the  itoliiijim  will  have  become  quite  clear,  and  fit  for  deeantation,  lh4 
calcium  oartK>i)ale,  with  the  exci'SH  of  hydrate,  settling  down  as  a  hoavyj| 
Bandy  prtwipitate.     The  solution  shoubl  not  p|fervi»*i<*'  with  nrid;*. 

It  is  essentia]  in  this  proc<'s<i  that  the  tiolutiou  of  |K>tai>9ium  carbonate  be^ 
dilute,  otherwise  the  decomposition  K-otimes  imperfect.    The  pmjMirtion  ofj 
lime  recnmnicndtHl  is  much  greater  than  Dial  n-quirwl  by  thtwry,  hut  it 
always  propter  to  have  an  excess. 

The  Hifhition  of  pfttassium  hydroxide  may  be  concentrated  by  quick  evi 
poratinD  in  the  iron  or  silver  vesdel  to  any  di'sired  extent:  when  heated^ 
until  vapor  of  water  ct^asea  to  be  disengaged,  and  then  suffered  to  cool,  \{ 
furnishes  the  solid  hydroxide,  KIIO  or  K,O.I?,0. 

Pure  potassium  hydroxide  is  also  easily  obtained  by  beating  to  redness 
for  half  an  hour  in  a  covered  copper  v^-wsel,  one  purt  of  pure  powdered  nitro 
with  two  or  three  parts  of  finely  divided  copper  foil.  The  mass,  when 
cold,  i«  treated  with  water.  ^ 

PotAssium  hydroxide  is  a  white  Hnlid  snlwtance,  very  deliquescent,  and 
soluble  in  water  ;  ahx^hol  also  dinsolvi-s  it  freely,  which   is  the  case  with 

I  comparatively  few  |»olasgiunit.-omponnd8  ;  theHolid  hy<lroxide  of  commerce, 
wbiob  is  rery  impure,  may  thus  l>e  purifi«Kl.  The  solution  of  this  sub- 
stance poases'ses,  in  the  very  highest  degrw,  the  pwtperties  termed  alka- 
line :  it  restores  the  blue  color  to  litmus  which  has  \wvn  re<ldened  by  an 
a<'id  ;  neutralitf>B  eomplelely  the  mr<it  powerful  acids  ;  has  a  nauseous  and 
peculiar  taste  ;  and  dissolves  the  skin,  and  many  other  orga?dc  mwtters, 
when  the  latter  are  subjected  to  its  aetion.  It  is  fr.Hjuently  used  by  suf-' 
^eonn  as  a  cautery,  Iwing  moulded  int«  linl-  "li-k*  fur  that  purpose. 
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h^droxtdo,  botli  in  the  solid  sUt4>  And  in  aolnlion,  ritjiidl/. 

I^ferfaonic  aciil  from  X\i^  air :  lionoc  it  most  bu  kopt  in  vlofteljr  BWpjNfd 

UXn^,      \Vh«-n  iniiMTftn'tly  prvparc*!,  or   purtially  alliTf«i  by  rxinwuro,  it 

with   an   Aci<l.      U  iA  nut  dt-coiupottcd   by  heat,  but  volutiluud 

ipOMd  At  a  very  liigli  t«*m}ifrttture. 

Tho  fallowing  tabic*  of  i)w  donnttitv  und  ralue  in  anhydroni  jtotAMium 

il«*.  IC,0,  nf  diff(*r(*nt  aolntioiu  of  potAMium  hydroxide  it  givtm  on  tlto 

lulhoritj  uf  DaUud  : — 


Dtfoaity. 

Percent*^  of 

Deoiiiy. 

Perwntngr  of 
K,0 

1.69 

61.2 

l.Xt 

.       2t;.3 

l.CO 

4t>.7 

1.U8 

.      23.4 

I.S2 

42.9 

1,23 

.        19.5 

1.47 

39.6 

1.19 

.        ltj.2 

UU 

n(i.8 

1.15 

.        13.0 

1.42 

:i4.4 

1.11 

9.5 

U%9 

32.4 

l.Oti 

4.7 

1.3U 

i).4 

PotawlQin  Nitrate;  Xitrr;  Stiffprtrf,  KNO,  =  NO,(nK).— Tliis  im- 
irtani  (>*)mjM»un<l  U  a  natural  prtKluut,  Iwing  disengaged  by  a  kind  of 
Inr^'^cfueu  (ntui  tU'*  surfiuM*  of  the  soil  in  w.*rlain  dry  and  hot  i^uintriim. 
may  nl.«*  \t->  pruducinL  liy  artificial  muaiu,  uomely,  by  tUu  oxidaliuu  of 
imnnia  in  pr»»rt^?Dce  of  a  p<iwcrful  btuo. 

In   Krance,  l.irgc  (|uantilif»  <ir  artillciat   nitro  am  proparod  by  mixing 
im.ll  rofujtd  nf  ftU  kin  l.t  with  <tM  iiiortar  ur  ii]Ak*»d  linu*  and  oarth,  And 
the  mixture  in  ln-np.-*,  prolt'C'ltMl  from  llm  riihi  by  »  rrKif,  but  frcoly 
to  th»  air.     Kroio  timu  to  time  ibr  licapii  aro  wat«'rfd  with  putrid 
and  the  loatiM  in  lurnt^l  uvnr,  tu  fX[M)Hi>  freHh  surfucvM  tu  thu  air. 
•n  nitii-li  salt  hafi  Ix'en  formed,  thn  mixtun*  tit  lixiviattM,  and  thtt  aolu- 
>n,  wUieh  offntaioj  calcium  nitrate,  in  mixed  with  potassium  carbonato ; 
•iuin  carbonate  U  foriu*.*<l,  and  the  nitric  acid  triuittf'Tred  to  the  alkali. 
It*  lllt<*nit  Holution  in  then  mad i^  to  cryHtaHiX'f,  and  the  cryHtaU  are  purl- 
ed by  rt'-!iolntion  and  crvBlalUzation,  the  liquid  being  Btirr«d  to  iirevimi 

formali'jn  of  larj^t-  rryatala. 
Tlie  greater  part  of  the  nitrrt  us*m1  in  this  country  comt>a  friim  India;  It 
rliK4olved  in  water,  a  little  ]>otaH>jiuia  carbonatu  is  added  to  prucipitAio 
and  then  the  salt  in  purified  oa  above. 

iflider&blo  quantities  of  nitre  are  now  mnnufaoturod  by  dftoomposing 
itive  sodium  nitrate  (Chile  Balt{}4<tre)  with  cnrlfrMiate  or  olilortde  of  |>ota(»- 
In  Uelpum  tlio  potassium  carbonate  obtained  from  l\w  aaheti  nf  the 
ftrool  BUfjar  mauufautoriiM  ia  lar^jely  ustnl  for  tbiH  purpose  ;  thepolaiwinm 
itrali>  thu-*  jircpare*!  is  very  pure,  and  is  jirfwlur'i!^!  at  a  Uiw  priiH'. 
Ptita-^sium  nitrate  oryntallizes  in  anliydroui*  ftix-Hided  prlKniH,  with  dlho- 
|r-\l  summits,  Iwdonging  to  the  rhunibio  or  trimetrio  wyMtem :  it  in  Hnluble 
in  7  parlJB  of  water  at  16,5^  C.  (({()0  p.)^  and  in  it«  own  weight  of  Iwiling 
water.  Itn  tasto  is  »aline  and  cooling,  and  it  is  without  action  on  vegetable 
colore.  It  mclLi  at  a  t^mperatara  below  rcdnttas,  and  is  oomplet«ly  dooom* 
pfised  by  a  strong  htrat. 

When  it  ifl  thrown  on  the  Hurfac?  of  many  motnls  in  a  state  of  fhslon,  or 
od  with  combustible  matter  and  heat<*d,  rapid  oxidation  eiisu*rti,  at  the 
?n8e  of  the  oxygt'n  of  the  nitrio  acid.     Kxaruplnu  of  Huch  mixtnr»«  are 
ind  in  common  guniK*wder,  and  in  nearly  all   pyrotvchnio  •?)impc><^itionH, 
burn  in  this  manner  independently  of  the  oxygen  uf  the  air,  snd 
'on  under  water,     Oun|K)wdHr  is  ni.-vle  by  very  Intimately  mixing  togo- 
pota^aium  nitrate,  i^hanroal,  and  sulphur,  in  proj>ortions  which  ap< 
2  molefiuloii  of  nitre,  3  atoms  of  carlmn,  and  I  alou  ot  «\lV^\\\u. 
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Tln*SB  qnaiUitics  give,  rt«i;kone<i  to  U'O  parts,  aiul  onmparoii  with  l}in 
pro|>ortioiiii  iiHod  in  t\w  iiiAnufaoture  of  the  KtiglJKli  Ctovt.Tiuut.*ni  powdi>r 
tUtf  fuUowiug  rvsulU  :— 


PotOH^iuni  uitraie 

(!'haroi>al 

Sulphur 


Theory. 

74.8 
13.3 
ll.ft 

lOH.O 


Proportions 
inprftcMov. 

75 

16 

10 

U'O 


Tlie  nitre  U  rendered  Ter.y  pure  hy  the  moans  already  mentioned,  fr 
from  water  hy  fuiiion,  and  ground  to  tint;  powdt* r ;  the  sulphur  and  cl 
otml,  thu  latter  bt'ing  made  fmm  lifrht  u'oud,  au  dugwoort  or  ahler,  art< 
flui'ly  gruund,  afti-r  which  th«  niatfriuls  are  weighed  out,  moistened  with 
waU>r,  and  thoroughly  uiixi-d  by  grinding  under  an  L><lgi>-mill.  The  iiia«ii 
is  ihtjn  Bobjwted  to  great  prt*H8nre.  mui  the  uill-eake  thus  produoed  broken 
in  piueea,  and  placed  in  aierea  nmdo  of  p<?rfur&ted  rellum,  moved  by  ma- 
ohiniTy,  each  uuntaininj;,  in  a.<lditiun,  a  round  piri-e  of  heavy  wood.  The 
gruimt  of  powder  broken  ulT  by  nttritiou  (all  through  the  holeti  in  the  akin, 
and  are  easily  separated  from  the  du»t  hy  rifling.  Tlie  ]K>wder  is,  lastly, 
dried  by  exposure  to  Hti'am-hcat,  and  !K>metimes  glased  or  poliahed  by 
agittttion  in  a  kind  of  ca:(k  mouute<l  on  au  axis. 

It  was  formerly  supixutHl  that  wlieu  gun{>()wder  is  flred,  the  whole  of 
the  oxygen  of  the  potaiuijum  nitrate  vr&n  transferred  to  the  carbon,  forming 
carbon  dioxide,  the  snlphur  combining  ivitu  the  polns.sium,  and  the  uitn)- 
gen  being  set  free.  There  is  no  doubt  that  this  reAction  does  take  place  to 
a  ctuniideraUe  extent,  and  that  the  large  volume  uf  gas  thuH  pri>duced,  and 
(■till  further  cxpaude<l  by  the  vt-ry  high  t^nipeniture,  snfBcimitly  aecountt*  d^r 
the  exphtoive  elFectfl.  But  recent  invcrttigationa  by  Buu.seUf  Karolyi,  and 
others,  have  3ht>nii  that  i\ui  aitiial  protliietH  of  tiie  t'ombustion  *>{  ^un- 
powdcT  are  much  rattre  a)mpli(tat«><l  than  thift  theory  would  indicalt-,  n 
very  large  uumU'r  of  products  being  formed,  and  a  conaiderabh*  |K>rtion 
of  the  oxygen  U-ing  irauitferrt'*!  to  the  iKjtaxsium  sulphide,  converting  il 
into  Hulphate,  which,  in  faet,  con»titutes  the  chief  portion  of  tlie  atdid' 
rt^idue  and  of  the  smoke  formed  by  the  explomion.* 

Fotaaslom  Chlorate,  KnO,sC10.(OK)._Tb«  theory  of  the  prodoU 
tiou  of  ehUirJo  at:id  by  tlie  aotion  of  chlorine  j;a8  on  a  solution  of  i?an«tl^^ 
potash,  has  Ijeen  alrejidy  explaine-l  (f«.  IHII).  Chlnrine  ^aa  is  oondneti'd 
by  a  wide  lulw  into  a  »tnmg  and  warm  solution  of  potassium  carbonate, 
until  al>tiorptii>n  of  the  gaa  ceases  ;  and  tho  liijuid  is,  if  nf^oessary,  evapo- 
rateil,  and  then  left  to  er>o],  in  order  that  the  t4ligbtly  iM:>luble  chlorate  may 
crystalliie  out.  Tlie  mother-liquor  atTnrils  a  Bwond  crop  of  crystals,  but 
they  are  much  more  contaminated  with  potas^tium  chloride.  It  may  Iw 
purified  by  one  or  two  rt^'ryslallixatinns. 

rntasniam  chlorate  is  soluble  in  alnut  20  parts  of  coM  and  2  of  boiling 
water:  the  crystals  are  nnhydmus,  flat,  and  tabular;  in  taste  It  smne- 
what  re8"*mbh*s  nitre.  When  heated  il  gives  off  the  whole  of  itK  oxygen 
as  gas  and  leaves  potassium  chloride.  By  arresting  the  deeomptisilion 
whi'n  the  evolution  of  gas  liegins  to  slacken,  and  redissolring  the  salt, 
potnsHium  perehlorate  and  ehh>rid«  may  bt»  obtaiiitKl. 

This  salt  drflagratea  vioUntly  with  (vunbustlble  matter,  explosion  often 
occurring  by  fridioD  or  blows.  \Tlieu  about  one  grain-wcighl  of  chloratv 
and  an  equal  quantity  of  sulphur  are  rubbed  in  a  mortar,  (he  mixlare 

•  Sm  Walta's  Dlotlonsry  of  Chemlilry,  vol.  tl  f>.  a&9. 
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vith  A  louf)  rfport ;  hrnc«  it  cantiot  be  vard  in  the  prppamtfon  or 
ipowi|«r  ••"••--■1  ■>'"  the  nitrate,     rotuftium  rhlorato  is  now  a  lnrj:t>  arti- 
et«  <^  MuntiK  •  mplnjred,  iogi*t)K*r  with  plio«phoru«,  in  luaktng  hi- 

•LanlAllfHIUs      .  :<  tii-a. 

PotaMtnm  Perohlorate,    Kno«aaO,<OK).— Thin  aalt    haa    bf^n 

»l  '\'-*^l  tni'lt-r  thtf  ht'ail  of  yfrcUUtr'w  afid.     Il  is  l)«t  prrparrd  by 

I'  /i»wil»Tt*tl   |H>taHniiiin  t-hl<>rat«<  inln  warm  nitric  acid,  whrn   tbe 

ji.  mI   Is  rt'»<>l%'wJ  into  perchloric  a*'iil,  chlorine  and  oxv'g*'n.     The 

5i(?parale«l  fr»jm  the  nitrate  by  cryntnllizatiun.     Pota0»iuni  |M-rfhl»- 

A  very  sli^chUy  lujliible  salt :  it  rri|iiirif«  ^S  p&rtu  nf  cold  watrr,  but 

.'•'  fr4*i<ly  taki-n  op  at  a  Ixilllu^  beat.     Tlie  cryatalM  arc  Hmall,  and 

hf*  ligiiro  of  an  ortoli?drnn  with  H^tiarv  baiK*.     It  is  dvcuni|JOfled  bjr 

It  in  the  MUne  monupr  as  the  chlurate. 

Pot&Mrinzn  Carbonat««. — Poliutciiiini  fomiR  two  wp]]-dcfinr^  carbon- 
>.  naiiit'lr,  u  nuruiul  ur  neutral  carlKinati*,  K,('0|,  and  an  add  sfttt  con- 
in^  KIICU,. 
^trrwui  jtttauiion   earhanate^   or   iMpotaMtc  mrinmnte^   K^f'O,  ^  ro(OK)|^ 
"  .0>,, — I'otasniam  salts  of  vegetable  acids  art*  uf  cttutttant  occurrenco 
planta,  in  iUv  t^cunoniy  of  which  tliny  prrform  Jnipiirtant,  hut  not  yut 
:i\j  understood  funetiona.     The  potaaaium  ia  dt-rivrd  from  tlu*  soil, 
liuh,  when  captibli-  of  aupporting  rvgctalde  life,  always  containH  thai 
ibatance.     WlifU  ]i1antM  am  bnrn«l,  tlit^  organic  acida  are  deatroyed,  and 
Ivm  ia  li'fl  in  the  atiite  of  cnrbonati'. 

tbeiu>  Inilirift  iucuhh  tlmt  tliH  oarlHinfttt),  and  thencu  nparly  all 

of  p4^laJiMiuui,  are  ot.LuiniHl.     The  great  natural  dfjHiHitnry  of  tha 

lias  hi  the  folapar  of  ^ranitiu  and  oth<<r  uiititrntillt'<i  rocka,  wluTr  it  la 

with  (liliea,  and  in  an  inanlnlile  tttate.     Thr  fxtraction  th<mco  ia 

with  ^reat  (Ufficultitw,  and  many  nttfuipt#  at  manufacturing  it  an 

Bvale  fruuj  tliia  aouroe  have  failtHi  ;   l>ut  vxprriuK-nta  rcivntly  made 

Mr.  T.  O.  Ward  appear  to  indicate  that  the  object  may  be  acooniplltfhvd 
fusing  polaijsic  rocJica  with  a  mixture  of  calcium  curl»uuate  and  duoridn. 
■n*  ari',  limrertT,  natural  pron-flscs  at  work,  Ity  which  the  potaali  ia 
Eiatantlv  bcinu  rliniinat'id  fnmi  tlii*Ht>  rocka.  I'nder  the  inlluencc  of  at- 
iplMfic  agencicA,  tht^se  riK-ka  dikintegrate  intn  aoiU,  and  aa  the  alkali 
lequirc*  snlubiUty,  it  ia  grailu.illy  taken  up  by  planta,  and  aecumulal»>a 
in  ihair  anbsLancei  in  a  condition  highly  favorable  to  ila  aufaaequeul  appli- 
naliona. 

PntaranoEn-flalU  are  alwaya  moat  almndant  In  the  grem  and  tender  paru 
nf  planta.  aa  may  be  ©xpedc*!,  sinw  from  tb*i*e,  evaporation  of  nearly  pure 
waltT  taken  place  to  a  large  pitt«*nt :  the  aolid  timber  of  fnreal  trccM  eunUlna 
nnnporaUvrilr  litlb*. 

In  preparinp  the  salt  f>n  an  extensive  wm1.»,  the  aahea  are  auhjrrtod  to  a 
pmoovs  cnllerl  lixiviatiou  :  tliey  are  put  into  a  large  caak  or  tun,  having, 
near  lb.*  bolt.mi,  nn  apertun*  atnppcil  by  a  plug,  and  a  quantity  of  water 
la  added.  After  aomo  houre  the  liipiid  is  drawn  off,  and  more  water 
uUed,  that  the  whole  of  the  an1ul)ti<  matter  way  be  rcuioTixl.  The 
w«*keat  aolutionti  are  jioured  np<in  frtrsh  quantities  of  aah,  in  place  of 
WMvr.  Tlie  aolnticna  are  then  pvaiK>ratc«l  todrym-w,  and  the  reaidne  ia 
calotned,  to  rvmnve  a  little  brown  organic  matter  :  the  prolncl  ht  tht-  crude 
pfAaah  or  p-nrln-h  of  coTnui.-rce,  of  which  very  larg«  quantitius  are  ob- 
Utneil  from  lin^wift  and  .Auifrira.  Tho  aalt  ia  Tory  impure:  it  containi 
potasatuiii  »>ilit.atc,  Kulphatc,  chloride,  ote. 

The  purifiml  jHitaMiuin  oarl»onate  of  pharmacy  ia  pr.'parpd  fmm  the 
cmile  article  by  adding  an  e<inal  weight  of  coU  water,  ogiUting  and 
fllttf^ring  ;  most  of  tho  forMgn  aalla  are,  from  their  inferior  degree  oCtolo^ 


■ 
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UlHr,  Mi  iMkiiiA.    TW  •otntiiw  i 
bnU,  ud  1<II  tft  flool,  «k«si  tk«  I 

moilMr-liqwir,  and  ti»«n  dried  ia  a  itore. 

A  still  pvcr  Mlt  flttj  fa*  obUhMd  bf  c^PMOf  to  a  red  fcc&t  purified 
cnaa  of  uvtar  (acid  iwliiiuM  Urtnto),  aad  anf  iilim;  Uw  cuUiiiat« 
hf  MlatMa  IB  vai«r  and  qy»tiUiMtinB,  or  otvpoffaEks  to  dijuiM 

PrliagiriB  carbamate  b  extrcB^j  A^it^mmetrnt,  and  aalablo  in  lev  than 
itt  own  voigM  of  «ax«r :  tb«  aoiotM*  »•  lugblj  alkaline  to  l«st-paprr.  It 
is  ftnaolBble  in  alisohol.  Bj  be*t  tho  wata  of  CTyialUnfinw  is  driven  off, 
and  hf  a  l«mp«Tatare  of  (nil  i^nitkm  tbe  salt  u  (usvd,  bat  aoC  othmN  imi 
ehanged.  This  sulota&oe  u  Urgvl/  nsed  in  the  ana,  and  b  a  oompouud 
of  pr«at  importance. 

Add pntttnimm  corAowrtr,  gyrfnijM  oaid  ^aloiMai  fni>i— h,  or  Jipmopt*amic 
iiiiftii>Mfi,  EHCU| ;  eoBUBonlj  eaUcd  Umrimmt  wf  pttrntk* — ^Whcn  a  stream 
of  earbovic  acid  gas  is  psossii  throngh  a  cold  softntion  of  potsosinni  car- 
bonato,  tho  gas  is  r^ndljr  alnorbed,  and  a  while,  crystalbag,  less  soloblo 
sah»tance  separated,  which  is  the  acid  salt.  It  is  coUect«d,  prcnsed,  re- 
dJssdvcd  in  wsrm  water,  and  the  solation  is  t«&  to  cijstaUixe. 

Add  pot —in m  carbonate  it  much  Ims  sotaUe  than  tbe  nomal  car- 
booalo,  roqairinjE  4  parts  of  oold  wator  todisoolrc  it,  Tbe  sulution  is 
nearl/  ni-atral  to  t^st-paper.  and  baa  a  mncb  m£ld«r  taste  than  th«  nortnal 
salL  When  boil^l  it  gires  nif  carliou  dioxide.  The  crjstals,  which  arv 
large  and  hrautiful,  dvrire  thrir  fonu  froco  a  monoclinic  prwm:  thev  are 
divomp(j»«d  by  boat,  water  and  carbon  dioxide  b^ng  evolred,  and  normal 
cnrUniate  Isft  behind : — 


araco,  s  K,co,  +  h,o  +  co^ . 


Potaaslnm  Sulphates. — Potassinm  forms  a  normal  or  nentral 
phxtf,  two  Ai-)<i  ?(u]jihat>-:4,  anil  an  anhrdrrMnlphate. 

iN'trrrvfi  fjntatnum  svlphtitf,  or  Bipotasnr  smp/tatf^  K^SO^^  90|{0K)}^ 
K-0.1**J,.  is  obtiin*?d  bj  neatraliiin;;  the  arid  rf^idoe  Irfl  in  Uie  r*lort 
whirn  nitric  acid  is  prepared,  with  erode  potaasinm  carbonate.  The  poIo- 
tion  jrields,  on  cooling,  harrl,  tratt5pa.r«.'nt  crjrstals  of  the  neutral  sulpbato, 
which  may  be  re-dissolred  in  boiling  walrr,  and  re-cryataUiwd. 

Potaasinm  snlphate  is  soluble  in  sbout  10  parts  of  oold,  and  in  a  much 
smaller  qoantit/  of  boiling  wat^r:  it  has  a  Hltc-r  taste,  and  Is  neutral  to 
test-paper.  The  crjstals  are  combinations  of  rhombic  pyramids  and 
prisms,  much  resembling  thost>  of  quarts  in  figure  and  app«>arance  ;  they 
ar«  anhydrous,  and  decr^'pitate  when  fludd(*n1y  heativl.  which  is  often  Ibe 
ease  with  salts  containing  no  water  of  crji^iallisation.  They  ar«  qailo 
iaaoluble  in  alcohol. 

Adtl  potoMt'tim  mtlp^e,  fffftfroym  nnA  pntastiym  nJpkatf,  or  JifomaptiTaMjnc 
mfyfialt,  KH90«E3  90,(OK)(4>H),  cmnmonly  called  hit^phnit  of  paf»j^,— 
To  obtain  this  salt  the  neutral  sulphste  in  powdf^r  is  mixed  with  half  its 
weight  of  oil  of  vitriol,  and  the  whole  cvaporat^'d  quite  to  dryneas  in  a 
platinam  Tr«««r1  plao.-d  und*T  a  chimney:  the  fused  salt  is  dissolved  in 
hoi  wat«r  and  Ufl  to  crystallixr.  The  <7rystals  hare  the  figure  of  flattened 
rhombio  prij^ms,  and  ar«>  much  more  soluUe  than  the  nootraJ  salt,  requir- 
ing only  twice  their  wei|;ht  of  wat^r  at  IS.fiO  C.  (i>i10  p.),  «nd  less  than 
half  that  quantity  at  lOOO  c.  (212^  F.)'  The  solotion  hss  a  sour  taste  and 
stmngly  acid  reaction. 

fheatntm  DitmhiKate,  at  P^iumlphfttf^  KA^^t.  derirwl  from  Nordbansfln 
sulphuric  acid,  n^Oj,  and  commonly  called  anhyirrma  biMuIfJuttr  t/  po/ntk^ 
fft  obtained  by  dissolring  equal  weights  of  the  normal  sulphate  and  oil  of 
rltriol  In  a  imall  quaotlty  of  warm  distilled  water,  and  leaving  the  solu- 
tion to  cool. 
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Tb*  pjrro-tfnlphAtr  cr^ttallbe*  <mt  In  long  delicate  noedlea,  wbioh  if  Irit 
fiir»iri«ral  dft^i  to  ihr  luuthi-r-liquor  ilUMpiM'Ar,  and  givi<  plAfy*  to  crjatjili 
m(  Um*  ordtUAfx  A^il  aiitjfliAti*  aU>v**  dtnit-rilH<«|.     Ttii«  r>«lt  bt  i1>hviiiiimnm<4| 
liv  ■  ifkrt'K  «|uaittitjr  of  w.ii..r    .^i.ii  II  .,.tiv.rt.xl  hv  sinutg  (uiiiiux  Btilpliuno 
■  vrfr^pofoMi-  .  which  crjrstttUu<4i  in   Uan*- 

;-iiMi»     Tb*'   1  -in  flnif  jtuwder,  L«ifltml  wilh 

ail  Alij«(iiiflir  iMiluUoti  u(  |M>LttnKiuiii   )t vtliiaiilplMil**,  ill  titnvorlKil   iuU>  Bul* 
pliatc  JUid  tLk«ulpbBt«*,  with  evuiutuiu  ol  hytlrt^^eii  ■ulphidL*: — 

K^^>,  +  2K»IS  i«  K^4  +  KA'\  +  IV- 

Potaaalnm  Stxlphides. — Potai^Hiura  h<>Klc»l  In  •ulpltnr  vapor  frurnii 
uttb  grcHt  hrdlitiiiLy.  U  unlU-s  with  nulphur  In  Dir  dtflfrriit  priPiMtrthiUn, 
lomir  -  n|H>nii(U  K^,  K^,  K^.  K^^,  K^. ;  al»o  a  hylruHulphidt* 

oraul;  KilS. 

Mttf"^"- /'•••<■',  K/i. — It  if!  douhtfnl  whi'thiT  thin  componnd  hw  l»i'n»  olt- 
tatna*4  in  thf  purf  !*late.  It  itt  (NminuMiW  »atd  to  Ih>  |ir>ii|ii<**'d  hy  licAtilit; 
po4«Miuui  •ulphiviH  111  a  currMiit  uf  drv  )iy<tnt){nn,  ur  l>v  i^iiiiiiiK  tliv*  faiun 
salt  in  A  cov«?red  vitwid  with  flnel,v-dividf*d  L'hari^oal  ;  but,  ai-cordiiig  to 
BftDvr,  otM>  of  tbf>  hJKhur  ftiilphidfw  ia  alwayn  furmi^l  at  tht^  iiaiui*  tlmv, 
taniber  with  oxRitt  of  potiuurium.  Tlw  pm>I(irt  h«a  a  r*tMi»h-/*<nitw 
ttSsv.  b)  didi'iuf^cvnt^  and  acta  aa  a  pauBtir  un  Iti^  nkin.  Wh<*n  {Kituiiaiuni 
tulphat«r  IS  hfAt^l  iu  a  uiVfred  eriii:ildH  with  vxvt^**  uf  lamp-blai  k,  a  lula- 
turf  «if  |Milasdium  ^iilpliid*?  aiul  liiicly-dividi'd  rarlNiii  i>t  uhtaiiti'<l,  which 
t-^L..-.  fir..  •'|M»iitau«iuuitly  uu  cuniiiig  iu  LHinlavt  willi  thy  air.  Thn  uh»ii«uI' 
■'  p«*rliaps  Ln?  obtained  pure  hy  hvatiug  1  luolvoule  uf  potonalum 
•',  KlJtf,  Willi  1  atom  of  thu  mital. 

When  •nlphydrio  ai'id  gaa  ia  paa»«d  to  Katuratimi  into  a  wtjutiun  of 
tostic  potaab,  a  Mulutiim  uf  the  flulphvdrat*'  in  tthtaint-d,  which  l*  ootor- 
at  Ant,  hut,  if  vxputttM  to  tlie  air.  quickly  almortu  oK/gea,  and  tnnu 

lUow,  in  cou*«*quuuc«  of  thu  furuuilion  uf  bihulphidt*  :^ 

2KHS  -f  O  as  K^g  +  !I,0. 

solution  of  potasli   bo  divtdod   into  two  parts,  nne-lialf  Batura 
■li   hjrdnigen  NiilphidM,  and  then  mixed  witli   the  othvr,  a  Bolulton 
ted  which  may  contain  potaaaium  monosulphid<' ; — 

KHS  +  KlIO  =  K^  4-  U,0. 

Bnt  it  \n  alan  poflathle  that  thi*  hydroxide  and  hrdroftulphid^  m»y  mix  with- 
it  mutual  derxmipoHitinii.  The  Hohition,  when  mixed  with  one  of  the 
fmger  aoids,  gives  ofT  liydrnpen  sulphide  without  depofiitinn  of  sulphur. 
Lion  which  Is  oonaiateiit  with  either  view  of  iu  onnstitutinn. 
[The  himlphUte^  ^t^t^  Is  f">rnnti,  an  already  olmerveil,  on  expiittin;?  a  snln- 
of  tha  hydronulphidp  to  the  air  till  it  h«'i;ina  to  nlinw  turhidity.  Ky 
^ap(»ration  in  a  vaeuutii,  it  is  olitained  aa  an  orangc-ootored,  easily  fuaibln 
llmtAiK  •*. 

.Tb«  trisulphiit'',  K,P,.  is  obtniiH>d    by   pa^ttln^  lh«»  rapor  of  carbon  bi- 
llpbide  over  ignited  potaaainm  carbonate,  as  long  as  gaa  ooutiDues  to 

2K,C0,  +  3CS,  »  2KjS,  -|-  4C0  +  CO^ 

jelher  with  p^HoHnium  Miilphate,  formin^r  "ne  of  th«*  mixtnraa 
mtphur,  by  melting  Ttti'2  parla  (4  moloculeii)  of  potassium  carbonato 
*"  parts  (10  atomtt)  "f  Hii)plinr: — 


4K,a>,  -f  iJ^t  ■=  K^SU^  +  3K^  +  4C0,. 


M  called       ^M 
Lfbonato       ^M 
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The  tftrasuipfiide,  K,9^,  is  formed  by  reducing  poUsslnm  Bulphate  with 
th«?  va|»»r  of  enrtKm  bie^iilphMr. 

The  ftentujfuljJtuh,  K^"^,.  !m  fonned  by  Iwilinp  a  dohitinn  of  any  of  tlii*  pre- 
crding  sulphidi^  with  «*i£c«'b8  of  sulphur  till  it  m  saturated,  or  by  fusiiijrf 
eithtT  of  theui  in  Iho  dry  stato  with  sutjihur.  Thr  i-xt-rws  of  sulphur  tlifu 
Bepiirjitt«  And  floats  aUiv**  thf  dark-brown  peiitaaiiljdiidif. 

Lifre  nf'  auIfJiHT,  or  tir^tur  guJfJiuriA,  in  a  uann*  t{>^*^"  ^  *  bnjwniiih  sub- 
atantv,  sometimet)  used  in  m*Hlicln«-.  mtuiv  by  fuaing  togethfrr  ditTtrrvnt  pru- 
ptirtiuns  nf  ]M)tmi}tium  oarlioiintt'  and  sulphur.  It  in  a  variabb'  uiixtare  of 
thr  two  higb*>r  sulphJdfH  with  IhionuLphntf  and  nulphattt  of  }tc>to»Kiuiii. 

Whtm  (Njual  parts  uf  ^tulphur  and  dry  jm^Iamsiuiu  carlxtuate  arr  nudted 
tngi'lbiT  at  a  tfmperatnn'  not  fxwwlinj;  iH»^  C.  (48liO  F.),  tin?  d<*coniprt- 
sUiim  of  the  salt  la  quitt*  coiiipU't4.\  and  all  the  carlKm  dioxide  is  4>X]Hdltt|. 
Tli*'  fu»*'d  masH  diB»«lv««  iu  water,  with  th»^  i*x<M'ption  of  a  litlbj  uiothani- 
<«illy  niixe<l  sulphur,  with  dark-brown  otdor,  and  th.-  solution  is  found  to 
Qoataiti  uoitiing  U»idt»  pentaaulphidu  and  lUlosulphatc  of  potassium  :— 

M/)  +  8„  ».  2KA  +  K^,U,. 

When  the  talxturA  has  b««n  exposed  to  a  temperature  approaoliing  that 
of  ignition,  is  is  found,  on  the  (?i»ntrary,  to  ountnin  potassium  sutphattii 
ariaing  from  the  dcuuwpositUin  uf  thu  lhiasulphat«;  whicdk  then  occurs  :— > 

4K,S/),  =  KgSj  4-  3K,SO^. 

Prom  both  these  mixtnrr«  the  potaaaium  pentasulphide  may  be  extracts 
by  ak-ohol,  In  which  it  dissolve)*. 

When  the  carli«tnnt«'  is  fust^i  with  half  its  woight  of  sulphate  only, 
th»*.  irisulphide  is  produced,  as  abore  indicated,  intitoad  uf  the  penta- 
aulphide. 

The  effecta  dvacribftd  happen  in  the  same  manner  when  potAAsiuiq 
hydroxide  it  sutwtittited  for  the  carbonate ;  also,  when  a  solution  uf  thtt 
hydruxidi;  in  buitvd  with  aulphnr,  a  luixturv  of  sulphide  and  thio«ulphat« 
always  rtsulta. 


Potassium  salts  are  colorless  when  not  assoflnted  with  a  colored  metallla 
oxide  or  ftoiil.  They  are  all  inon?  nr  less  soluble  in  water,  ami  may  b*?  dis- 
tingnishod  by  the  following  chara(.*ters  : — 

(1 )  Solution  of  turftiric  and,  add«^  in  cxo-ss  to  a  moderately  strong  solu- 
tion of  a  potassinm-snlt,  f^lvea.  after  some  time,  a  white  crystalline  prfr- 
cipitatt^  of  cream  of  tartiLr ;  tlio  effect  is  greatly  promoti'd  by  strung 
agitation. 

(2)  Solutton  of  phtinic  rhltyntie^  witli  a  little  hydriK-hlorir  acid,  if  nec«s- 
■ary.  gives,  under  similar  circumstances,  a  crystalline  yellow  precipitatet 
which  is  a  double  salt  of  platinum  tetrachloride  and  potassium  chloride. 
Both  this  compound  and  cream  of  tartar  are,  huwevtsr,  8t>luble  iu  atmui 
60  parts  of  ould  water.  An  addition  uf  alcohol  iucreaaos  the  delicacy  of 
both  tests. 

(3)  f^rfhhric  arid,  and  $Uicafht*trie  acid,  give  rise  to  sllglilly  soluble  whit« 
precipitattrs  when  added  to  a  [w>t.iR:*iuni-Halt. 

(4)  Potaasium  salts  usually  color  the  outtT  blow-pipe  flame  purple  or 
violet :  this  reaction  U  clearly  perceptible  only  when  the  potaaaiuiUHialta 
are  pure. 

(5)  The  apectral  phenomena  exhibited  by  potMaium  compounds  are 
mentioned  at  page  HI. 
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SODIUM. 

Atomle  wrlglit,  23»    Symbol,  Tis  (Natrium). 

SofHtrM  U  a  mj  Abutniant  element,  an<l  very  widoly  <liffu»<»d.  It  ocran 
large  c^oanliiii.'*  mt  clilortilf,  iu  ruck-*ialt,  sfa-witter,  BoU'Springv,  and 
i.inv  nthitr  mineral  waters;  more  rarely  an  rArl»onatR,  bciralA,  and  >ul- 
»li:it«.  in  Miliitinn  or  hi  the  soliil  t»taU%  aud  a^  silicat*;  in  many  minvrala* 

Aletalliu  SfMJiuiu  vra»  obtaintKl  by  Davy  buou  afti*r  the  Jiscovery  of  pot.i«- 
turn.  An<l  Ly  a  aimilar  moana.     Oay-Loasao  and  Th^nard  aftorirar'le  prf>- 

kn*d  it  by  dt<eiMiij>o6inK  fto«liiim  hydroxide  with  nK*lnlUc  irtm  at  a  whit« 
trAt  ;  and  Brunn**r  f4hnw<?«i  that  it  m.iy  h*"  proparwl  with  much  gruatt-r 
ictlity  by  difttilUn^  a  mixture  of  sodium  ^'arboiiate  and  charcoal. 

Thi*  preparation  of  s^Mium  by  thirt  last-ui4>ntiont^l  proce«9  Is  mueh  ftaiar 

lan  thai  of  potaiiittam,  not  bein);  coni]>li<:al4*<t,  ur  mdy  to  a  alight  extent, 

ly  It,     '  -     n  of  iw'cnndary  pr*.xJucl«.     Witliin  the  last  few  yenrs  It  haa 

ir.*ii  ly  improvt'd  hy  Di'villn  and  othrn*,  and  carri''«i  out  on  tli« 

i^nii? „  -.cab;,  nodium  iM'injr  now  employed  iu  conatdrrahle  <|uantity 

a  rvdueln)^  ag^Mnl,  li^pedally  in  the  manufauturvof  aluxniaiuiu  and  inag* 

■-iiuin,  and  in  the  silver  arua Infatuation  proems. 

TUtf  aodiam  carl}onatM  nso^l  fi>r  ttut  preparation  is  prf«parM  by  calcining 
cry^taMtzwi   nt»utral    carljonnte.      It  must    Iw   thoroughly  dried,  th»'n 

fuudrai,  and  mixtKl  with  a  slight  exf^i-^R  of  |tnun(l<-d  chartYtal  or  coal, 
hn  Inontire  substance,  vix.,  poundtMl  chalk,  is  aUu  added  to  keep  the  rais- 
iri*  in   a    p.'Hty  wnidition   during    the  oiK'ration,  and   prevent   the   fused 

lium  cirlKinato  fmm  Sfparatin-;  from  itie  eharcoal.  Tho  following  are 
i*t  prui>i>rtioui)  rtM'umuenilud  by  UcviDe  :— 


\ry  so  liuia  carbonate   ,     717  partii. 
.i.ir>-Mnl  .  .  .      liTj      •* 

CUallt    .         .         .         .     108      " 


fhr  3fanM/aeturimtf  Operatian*. 

Prv  sodium  oarbonato    .     30  kilogr. 
foal       .        .        .        .     ri      •' 
Chalk     .         .         .         .       3      »• 


Theiw  matATiais  must  1«  very  intimately  mixed  by  pounding  and  slflin(,% 

and  it  b  a>ilvantageouii  to  calcine  tho  mixture   before  tntruduring  it  inio 

r^^  th«  distilling  apparatus,  providt^l  the  calcination  can  be  effect^ni   by  the 

^H^asltt  ht^at  of  a  furnace ;    the  mixture  is  thereby  rendered  more  compac^t, 

^^Kd  that  a  much  larger  quantity  can   b»  introduood  into  a  veftHel  of  given 

^^B   Tb(9  distillation   U   perfnrmeil,  on  the  laboratory  scale,  in  a  mercury 
^Hvnltlo  heat4)d  exactly  in  the  manner  de{icril>ed  for  the  preparation  of  ftutaa- 
^Btium.      For  manufacturing  operations,  the  mixture  is  introduue^l  into  iron 
^K^cylindcriFi,  whloh  are  heated  in  a  reverl>eratory  furnace,  and  so  arranged 
that,  at  the  end  of  the  diritiUation,  the  exhausted  charge  may  be  with- 
drawn and  a  frnsh  charge  introduced,  without  displacing  the  cylinders  or 
putting  ont  the  Are.     The  r4*ceirers  usf<]  in  either  case  are  the  iaiui<  in 
f>rm  and  dimewtions  as  those  employed  in  the  preparation  of  potoHHlum 

When  the  prooew  goes  on  well,  thp  sorlitim  collected  In  the  receiver*  ia 
>arly  pure;    it  maybe  compl^t.-ly  puriliM  by  melting  it  under  a  Ihin 

'^er  of  {Mftroleum.  TIiik  li<|uid  is  dfcanted  as  t*(wtn  n«  the  amlluui  beoomea 
frtoctly  fluid,  and  the  midal  is  run  into  moulds  like  lUuse  uued  for  casting 

id  or  zino. 

Sodium  is  a  silver-whitu  metal,  groatly  resembling  potassium  in  every 
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reHp4.M;t.  Its  speoiflc  gravity  ifi  0.!»72.  It  ia  soft  at  cominon  temperaturea, 
lueltri  at  97. (P  ('.  (207.7-'  F.>,  ami  oxi'lizofl  vltj-  rapidly  in  iUv  air.  Wh*^n 
plaoeil  on  tho  surfaot'  of  <v)M  water,  it  (kMNnnjioses  that  li(|iii(l  with  great 
violence,  but  :fi>l<loiu  take*  nr«  unless  tUu  motiunii  of  th<'  fr;miiioiit  art*  tf- 
atrnincil,  and  itA  ra^iiil  ooiiUiig  is  iiiininiii4lR*«l  hy  atldin;^  gniu  or  starch  to 
the  wator.  With  hot  wntiT  it  takvs  flru  at  once,  burning  with  a  bright 
^^ellow  llamc',  and  prodaolng  a  Holuttou  of  r»o«Ia.  ^M 

Bodium  Chloride ;  Cominon  Salt,  NaCl. — ^This  very  important  sub^*" 
stanrt'  i»  found  iti  iuaii>  parl^  of  (In*  WMrUl  in  solid  lx>ils  (tr  irregular  strata 
of  iiumensQ  thicknt-ss,  tui  in  Chr^hire,  Spain,  Galicia,  and  many  othtT 
localitiufl.     An  Inexhauntiblu  eupiUy  exinttx  aUo  in  the  watem  uf  thv  oa*an, 
antl  large  qnantitii>ii  an*  nbtaini.^1  fnnii  saline  springs. 

Kook-sait  is  almost  always  t<K>  impure  for  ubo.  If  no  natural  brin«- 
apring  exists,  an  artificial  one  iri  forrat-^l  by  linking  asliaft  into  the  rot:k* 
fialt,  and,  if  n(>[;essary,  intro^liu-ing  water.  Thin  whon  Haturat^d  ia  pumped 
up.  and  oraporateil  iixire  or  less  rapidly  in  largo  inm  pans.  As  the  »alt 
s»parate!t,  it  is  removed  fripni  the  liottoni  of  the  vessel  by  means  of  a  S(><Ktp, 
pressed  while  still  mnisl  into  nutulds,  and  then  transferred  to  the  drying- 
Htovo.  When  large  iTystals  aru  reqiiin-d,  as  for  the  co.irst*-graiued  Imty-sttU 
use<l  in  curing  pmviHiuns,  the  ovapftration  is  slowly  couducttMl.  Cominuu 
salt  is  apt  to  he  contaminated  with  magnesium  ohlorldo, 

iSofUuui  eliloridut  when  pure,  is  not  deliquesoent  in  mtxlerately  dry  air. 
It  crystallizes  in  anhydrous  cuIm's,  whidi  ant  often  groujx'd  together  into 
pyramida,  or  steps.  It  requiri*s  aUiut  2J  parts  of  water  at  tiO-*  F.  for  solu- 
tion, And  its  fttilubility  is  not  sensibly  im  re.'tMcl  by  heat  ;  it  dissolves  to 
somo  extent  in  spirit  of  wiiio,  but  is  iwarly  ini^olul>le  in  at»idnttj  aleohnl. 
It  melts  at  a  rml  lieat,  and  is  vol:itih<  nt  a  still  Uighur  tumperaturu.  The 
euonomiont  uses  of  oitiimoii  salt  are  well  knnwn. 

ThtJ  Otdidr.  antl  bromidf  of  sodium  much  resemble  tho  corresponding  potas- 
sium cM>mpounds:  they  crystallizu  iu  cuU.ii|  which  oru  anhydrous,  aud 
very  if  jluhle  iu  water.  ^S 

Sodiam  Oxides. — So<linm  forms  a  monoxMe  and  a  dioxide;  also  & 
hydroxide  iujT<-sj"iniliiig  with  the  former. 

Stxiium  Momtsi/tff  or  Atihydrona  ^snittf  Na/3,  is  produood,  together  with 
the  dioxide,  when  SMlium  burns  in  the  air,  and  may  l>e  ol)tained  pure  by 
exposing  tho  dioxide  to  a  very  hi;7h  temperature;  or  by  heating  sodium 
hydroxide  with  an  ecjuivalent  c|uanltty  of  sodium:  ^XallO  4"  Na,  ^ 
^Na^O-l-  H.J.  It  is  a  gray  mass,  which  melts  at  a  re<l  hcat^  and  volatilizes 
with  difficulty.  ,^m 

.Srw/tum  Utftiroride^  or  Caustic  Soiia,  NallO,  or  Na|0.1I,0. — This  snl>ataiiiM| 
is  prepared  by  deeomposiug  a  somewhat  dilute  solution  of  bodium  carbon- 
ate  with  calcium  hydnjxide :    th«  description  "f  the  prooess  employed  in 
thd   cas*.'  of  potassium   hydroxide,  and   tlie  prooautiona  neoi?Sijary,  apply 
word  for  wont  to  that  of  sodium  hydroxide. 

Thi»  solid  hy<ln)xide  is  a  white  fusible  sniHtanro.  very  similar  in  prop<>r- 
tiefl  to  ]>otas!<ium  hydroxide.  It  is  deliquescent,  but  dries  up  again  after 
a  time  in  consequence  of  the  alisorptiou  of  (^arlionic  acid.  The  solution  ia 
highly  alkaline,  and  a  {Mmerful  solvent  for  animal  matter:  it  is  used  in 
large  quantity  for  making  snap. 

The  firength  of  a  solution  of  caustic  soda  may  be  roughly  determined 
from  a  knowlMguof  its  density,  by  the  aid  of  the  fulluwing  table  drawn 
up  by  Daliwu : — 
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TASLB    OF    TZRCn:tTKtl&B   OP    AirnTDROl'M   KObA,    Na,0,  15    AOLtmo.'tS    OK 
DIPPKHKBT    DBJfSirr. 

Pfttxathft  of 
•nhydrouj  aoda. 

,  77.8 
.  63.6 
.       &3.S 


DenfUy. 

2.00 
1.85 
1.72 
1.63 

1..'jO 
1.47 
1.44 


41.11 

34.0 
31.0 


VenMUf. 


1.40 
1.36 
1.32 
1.29 
1.23 
1.1$ 
1.12 
1.06 


Pere«alA4re  of 

Mobydrout  %o*ln, 

.  2ft.O 
26.0 
2.S.0 

in.o 

J  6,0 

.       13.0 

11. 0 

4.7 


SotHwH  Diojuie,  Na,0,.— Swllam,  when  httat«d  to  about  200O  C.  (3920 
^)  in  a  current  of  dry  air.  absorbs  nxyg^n,  lutd  U  converted  into  dioxid«  ; 

ii.'this  «ulmta.niN*  U  whitn,  but  Ixtcoiuhh  yi'llnw  when  hf-attH],  which  tint  it 
•;;ain  h"-"**!  mi  oooHng.  It  dissolvfA  in  watvr  withoat  di-comptwilion  :  th« 
ftululion  may  Ik-  fvaporat^sl  undor  tin*  ri'wivcr  <if  thi' Air-puiup,  and,  when 
sufSeitmtly  oooci-nlratt'^i,  deposit-*  crr»lul)iii'>  plal♦•^  haviii;;  llu'  cmipfioition 

;lia,0,,HH,0.  ThvM  eryslAliJ,  left  to  t-fUnrfSt-e  over  oil  of  vitriol  for  nintt 
days.  lose  thr•M^■^ou^Ul8  of  Ihf  ir  waitT,  and  yi4>td  aiioth<^r  hydrate  oonlain- 
Idk  N&,(\2''i'^-  '^^^*^  a<im^utt  itotutiim  of  BiNJumi  dioxide  wiien  hfatvd  oa 
the  walvr-balh,  is  dt.'c<iuijMMvd  Into  oxygon  and  th«  monoxide. 

Sodtam  Nitrate,  NaNO,.^Thiii  aalt,  aom*»tiine«  called  Cubie  nitre,  op 
C'hJf  MithftrArt,  otxunt  native,  and  in  onoriuous  quantity,  al  TarajAi^a,  in 
Kurthmi  Peru,  wh<T«  it  fornui  a  regular  bed,  of  great  oxtent,  al^ug  with 
gypniim,  niiiuiutn  <*alt,  and  rcmaiiia  of  recent  abelU.  The  pure  salt  com- 
mnnly  cryHtalUzus  iu  rhotnlKihedmna,  resrmhling  thoeo  uf  calcaruuus  Bpar. 
It  i<t  doliiiu«i9cvut,  and  vt*ry  aolublo  in  water,  ^yliuni  nitrate  is  employed 
Uif  loaking  nitrio  ai-id.  but  cannol  bu  us«d  for  gunpowder,  as  the  niixturo 
Ituriui  t(io  slowly,  and  beeoniea  damp  in  the  air.  It  ha«  been  lately  used 
with  i»nin«  lueceM  in  agricnlture  aa  a  siiprrfirial  manure  or  lop-dr(.>iwing  ; 
alao,  for  preparing  pijtassium  uitrato  (p.  297). 

SodiODl  Carbonates. — The  Xfutnd  or  nitmiic  Cnrftonntf,  Na,rO,.l(>H,0, 
vasouce  exclusively  ubtaiUMi  from  the*  a«lieH  of  8ea-we<Ml0,  and  of  plania, 
auch  aa  the  Salmla  aoda^  whicli  gniw  by  the  »eaMide,  or,  l>eing  cuUivat4<<l 
.in  ftaitahle  lor^alittrA  for  the  purjK>»e,  are  aftervrardfi  Rubjorted  to  ineinera- 
pliim.  Tho  barilla,  &X\\\  employe>l  tf>  a  email  extent  in  Koap-innking,  is  thus 
i|»rtMlaot*d  iu  tievt^ral  plaeeH  on  the  coast  of  bpain,  as  at  Alicante,  (.'artha- 
gena.  eto.     That  mado  in  Brittany  is  rall<*d  tsirrr. 

Scdium  carbonat)>  iu  now  man ti fart unM  on  a  stupendous  scalo  from  oom- 
innn  salt  by  a  serieji  of  pn>ce?«sefl  which  may  be  divided  into  two  stages  : — - 

(1)  Manufacture  of  Bo^liura  ttulphate.  or  Halt-cake,  from  sodium  chlorido 
(tumimnn  Halt);   this  is  eallf<l  the  unit-cake  prfM^>ftK. 

(2)  Manufacture  of  sodium  carbonat*;,  or  soda-ash ;  called  tho  aoda-ash 
process. 

(1)  SaU-ajl-f  priirrMM. — This  process  consists  in  the  decompcmition  of  wm- 
SDon  salt  bysiilphnric  acid,  and  is  effected  in  a  furnace  calhHl  the  Silt- 
■tul-t/unutt'e^  of  which  flg.  14!*  repres»'ut8  a  section.  It  umitiHtH  of  a  Urge 
cuvure«l  inm  pan,  placed  in  the  t>>ntre,  and  hi-aied  by  a  fire  uuderueaih  ; 
ftud  two  roa.Htt'ri*,  or  revertwralory  furnaces,  placed  one  at  each  end,  and 
on  tliu  hearths  of  which  the  shIi  is  .■«»mpletely  decomposwl.  The  charge 
of  half  a  ton  of  Halt  is  flntt  p1a'>«Hl  in  the  iron  pan,  and  then  the  requisite 
uuaJitity  \>i  sulphuric  acid  is  allowed  to  pa»s  in  u^kiu  it.     HvdxucXiVn 

2fi» 
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ft-id  is  cvolrod,  ftnd  oscapea  through  a  flue,  with  tht-  itroduiits  nf  wmilius- 
tioa,  into  lowers  or  scrubbiTS,  fillt^d  with  coko  and  bricks  moistened  with 
s  BtreAm  of  watiT ;  tho  arid  vapors  im*  thus  foudi'nRnd,  and  the  smoko 
aad  heated  air  ytaaa  up  the  chiuuiey. 


After  the  mixtuie  of  salt  and  aoid 


Fie.  i<« 


Loa  been  heated  in  the  iron  pan,  it  beoomcs  converted  into  a  ttolid 
of  aoid  sodium  »ulphut>;  aii<i  undc-compofled  Hodtum  cbluridu: —  ^ 

^NaCl  H-  H^U,  =  NflCl  +  NaUSO,  +  IlCl.  M 

It  ifl  then  raked  on  to  the  hoartlis  of  the  furnooes  at  oaeh  side  of  the 
decum|K>siag  pan,  whL*ro  thu  llaiuu  uud  livutivl  air  of  tlie  firu  oumplotv  tlie 
decompcMiLiun  into  nuiitrAl  liodiuin  aulphatt*  and  U,vdroohloric  acid: — 

Naa  4-  NallrfO,  =  Na^SO^  +  HCl. 


(2)  So/la-ash  prftrtA-t. — Th«  Bulpliate  is  next  rfduct'd  to  powder,  an 
inixeil  witli  an  t*qiial  wHglil  of  rlmlk  or  limL^tone,  and  half  oh  iiiiirh  t<mall 
coal,  both  ground  ur  cruHht^I.  The  mixtiin>  i»  thrown  into  a  revitrberalory 
fumaci'',  and  heatnd  to  fuAinn,  with  constant  Htirriug.  When  the  dtHXim* 
pcHttion  is  judged  wmplete,  the  melted  matter  is  ruked  from  tlte  fumac« 
into  an  iruii  trough,  whure  It  is  allowed  to  cool.  This  crude  product,  called 
btiict  atJt  or  baU-todii,  iit  hroken  np  into  )ittl'>  piiHH>s,  when  (xild,  and  lixivi- 
atwl  with  o«dd  or  t^pid  wat<.T.  Tlie  nolutiun  is  evai»oratwl  to  dryn^-iia,  an<l 
the  salt  oftlcine«t  with  a  little  ttawdust  in  a  Hiiitnble  fiiniaee.  The  product 
in  the  wc/a  aA  or  lirilink  alhiH  of  coiuuieree,  which,  wht^n  of  goo«l  quality, 
ooutaiua  from  4S  to  D2  per  cent,  of  nnhydrouii  tuida,  NiijO,  parllv  in  the 
Btato  of  carbonate,  and  partly  as  liyilroxide,  the  remainder  being  chietly 
fludium  Hulfthate  and  t^immon  Halt,  with  oceasiunal  traces  of  Hulpliite  or 
thioHulphate,  and  aUo  cyauide  of  i^iKllum.  By  diitttolrinp  fUMla-aah  in  hot 
water,  filtering  the  Holution,  and  then  allowiiij^  it  to  cool  Blowly,  the  cor* 
Imnate  U  deposited  in  large  transparent  crvHtnU. 

The  ri!actiim  which  takes  plaei*  in  the  calcination  of  the  sulphatu  with 
ohulk  and  c«iaI-<iiHt  neonw  to  oonslst,  first,  in  the  oonvereion  of  the  sodium 
sulphate  into  Hulphide  by  the  aiil  of  the  c<niiliu!itible  matter,  and,  secondly, 
in  the  interchange  of  elements  between  that  substonoe  uut  the  calcium 
oarbouatu :—' 

WtjS  +  CaCO,  =-  CaS  -f-  Na,CO,. 

Several  other  procemet^  for  the  tnannfacturo  of  soda  hare  been  dovified 
and  even  cnrrie«l  into  execution,  but  the  only  one  which  apitears  to  hold  out 
any  prospect  of  commercial  HiK'oe»n  Jk  (hat  which  (»  calhwi  tin*  "ammonia 
Buda-procfss."*  Tliirt  method,  first  sugfj^entLHi  abrnit  forty  yearn  ago,  has 
been  tried  at  several  works  in  Ru);land  and  in  Oi-nuany,  It  fv>nMi<it«  in 
decomprwiu};  a  solution  of  common  salt  with  ammonium  blcarl>onate, 
whcptrhy  the  greater  part  nf  the  itodium  la  precipitnte<l  an  bicarl>onat«, 
while  the  ammonia  remains  in  solution  as  amtnonium  chloride.     This 


^ 


*  OhemlMhM  Ceatralblall,  ivn,  p.  6M|  1ST4,  pp.  Vr4, 370  tUL 
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it!)  htiikttii  with  llmo  to  Hburate  auiiuoiiia,  xrltirh  1a  then  r»fvmv<»rt«fl 

I.,  i.v  itit.  nnrlmnic  acUi  *iv«l\'<nl  in  th»*  c^inviTninii  of  tin'  90- 

f)-  iiMiiiiK'ArUtiintf*  yty  licnt  ;   ntiil   tin*  aminonhiiu  )>kriir- 

i  u»  •.•iii|»|Hyt"d  to  «l«<.iiiii|fiwi*  trvaU  )xirti«ii(i  nf  KMtium 

rlilorido,  so  that  tliL<  proo'Hs  Is  Dtadu  coiitinuittiM.  TIk*  rliit<f  jiilviintA);i« 
claimed  f>*r  tliU  prociwp  ar<*  the  *llr«-ct  ivnvcrtiion  of  tht*  iMxliuni  iltluriiltf 
into  carboiia(*%  wliicli  ii*  prfxipitatcnl  fnnii  th**  coiicrntrntml  liqunrN  uiiuaiii- 
Uiniin&ttxl  with  fialLi  of  utltor  iiit'tahi ;  the  alMtihitu  fr*n*4l<ini  of  the  priNlfici 
friiiu  eiil))liur-otui|M>uii'U  :  ami  InMtlv,  siiii|»li('tty  of  jtlAiit,  Having  nf  fuel, 
auil  (r(.-4.iiiitn  from  iiuxinutt  vap<ir-«  aiul  tri.tii)tlt.*Miii)(.>  tuHxtiidary  prtMlucU*. 
TUu  ehit'f  olnttacli-  tu  it£  jtnitltAljl**  euipluyiiifut  Appcam  Vt  Ik'  tliAl,  with 
irtain  pntportioiw  nf  thv  luatnhaU,  ami  uiitliT  cfTinin  oiiiilttiuiiH  nf  l*«m- 
Atr*i  aiKl  noncviitratKin,  a  rcven**^  r<*acticiii  taki-?4  plao',  irhtrrbv  tho 
Lium  bicarU>nat4'  aiul  aumiunium  chluridu  aro  retwuvMrivd  into  ammo- 

carUmute  aiiil  *i4»diuiu  chluridu. 
'VU*t  oniiuxry  rrynUiln  of    KiKliiitti  lUirlmiintH  rontnin   ti'ii  iiiohM'iil«>a  of 
ilrr  ;   but  by  {tarticiibir  luana^t'aiMiit  the  i*aroi>  Halt  may  U*  ohtaiii*Hl  with 
liino,  »t«*vtMi  iii>*li<cul'-tt,  or  itoiii^timi**  with  only  oiu*.     Tht-  eDtniiuui 
tht:  i;rvHtal»  ia  derivftl  frcmi  an  obli<|iie  rhoinbU*  prism  ;   thi*y  cttliw 
2n   ilry  air,  and  crumblu  to  a  white  powder.     Hi-atiNl,  tlipy  fnse  in 
Iht-ir  water  of  oryatallization  ;  whmi  thu  latter  han  tiPHn  *fKpt*lU'd,  anii  tho 
dfv  aalt  cxpoRcd  to  a  full  red  hent,  it  mWin  without  undtirgtdii^  ohan^ru. 
IV  omiiilun  cryatals  diKitnlvt*  in  two  parta  of  cold,  and  in  lena  than  thtdr 
-n  wi<i{|;ht  of  Uuling  w;itfr  :  th«^  wdutiou  baa  a  ntrong,  diiiagn*^'Aldt*,  alka- 
lis tjut**,  and  :i  }M>wt'rfullr  alkalint*  n>artion. 
Htfirwjvu  and  >iuUum  i  'arinmaU- ,  J / tftirtuuiiite  <  'uHumat^,  MtmuModir  f'itrfiimnt$, 
iioiiium   t'nrU<,hnlr,  NalICO,  or  Nii^t "Oj.lljC'Oj,  o<iin!»oiily  calbvi  liicar^ 
ti  of '  toda. — 1'hi!>  Halt  i«  iirrpannl   by  pfi^^ing^  corUjiih*  aoid  ^am  into  a 
IftMntion  of  thi>  iitfUtral  t.'ArlK>nat4%  or  by  plmdng  the  cryittaU  in  nu  at- 
iphcrtf  of  the  |L:ait,  which  ifl  rapidly  abHorlH^I,  while  tho  cry»talit  1ob« 
grcat«r  part  of  (ludr  wat«>r,  and  paiw  into  th»  now  oompound. 
Uonoaodic  rArlK)nattt,  prepAml  by  rither  procMw,  is  a  erystAllin<<  whItA 
diT,  which  oannol  be  riHliH««i|vcd  in  warm  watiT  without  partial  dc- 
ii}MMttion.      It   r«H|tiir(.ii    10   parlH  of    Hal^r    at    U>.r>0    fur  aolntinn  :   the 
|uid  ii4  feebly  alkaline  to  tci)t-pa{M>r,  and   baa  a  niurb  milder  tfiHte  than 
lal  uf  tliu  iit3Utral  carbnnattt.     It  dut«  nut  prvL-ipitatu  n  wdution  o{  mag- 
da.     Uy  exposure  to  hfst,  the  salt  is  eonvi*rt(^l  into  uentraJ  oarltunate. 
Dikydro-trimMtttiit'.   f'nrbnnate^  Stkg\lj(CO^)^/2U^*J. — This    iialt,    oomtoonly 
lllfMl  atMfmvtirhomU'-  of  muia^  may  l«  re^anled  n«  a  eoinpuund  of  tli*«  iieu- 
il  ami  arid  salt*  ( Xa^rOj,.2\all*"0,).      It  owura  native  on  the  banks  of 
le  soda  lak(*8  of  >toki'nna.  ni*ar  Feuau,  in  Africa,  where  It  ia  ealleil  tronai; 
urao,  at  the  bottom  of  a  lakt^  In  Mara<.'aibo,  Soatb  America.     It  la 
iriHluced  artiHrUlly,  thoutfh  with  itome  (lif&cii)ty,  by  mixin^^  the  uionoHodio 
and  dioi*odic  carboiinteH  in  the  j)n>iK>rlioiiH  alxive  iiidieateil,  melting  ihi'm 
•tbi^r.  drying,  and  ex[KiHin)^  the  drii^  maa«  in  a  eellar  for  Homt*  wet'ka  ; 
then  alworbM  water,  beoomiH  crystallinef  and  oontaiua  spaoe«  fiUtKl  with 
Id  tetrH»(Mlio  earbdimtf. 

Sothtm  and  fhttiMi'um  (arftomilf^  NaKC0,.6H,O,  tieparatea  in  monrxdinio 
itaU  from  a  aolution  oontaiuiDg  the  two  carbonates  in  equivalent  pro- 

OlIM. 

mixture  nf  ilioae  two  oarbonat^w  in  eriuivnlent  propnrtinna  molta  at  & 
di  lowi*r  heat  than  either  of  the  aaltii  s«parat4;ly  ;  vuch  a  mixturo  la 
UiM'fnl  in  the  fusion  of  ailioalea,  eto. 

Alialimetrtf.'—Anofjfsit  of  Alhilinr  TJij^trorideit  and  CarfMmdtea. 

The  amount  of  alkali  or  alkaline  carbonate  In  commercial  potaah  aoda, 
MnwnU,  fa  estimated  by  determining  tho  quantity  of  an  vdd  of  given 
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strdTiKtU  rfquirerl  to  neutralize  a  K'^**""  ^•''Jll't  of  ibr  »nmpl««.  TIm*  fsti- 
ntation  ilep«tuiiij  upun  the  I'actH  that  the  alkiiliuo  snltH  of  Htrong  acidH  (nul- 
jiliuric,  uxallc,  etc.)  are  iifiitrnl  to  htmiis  :  and  tlint  the  violet  solulioii  of 
litmus  ia  colored  hlti**  hy  cniitilio  alkaliMtt  or  alkaline  uarbonutea,  wino-red 
by  cftrl)OD!c  add,  and  li^ht  rml  hy  strong  a^'i(t». 

The  first  fiUsi*  in  the  |iroj>aratiim  of  thv)  standard  add.  It  to  best  to 
make  lhi8  liquid  of  such  stren^'lh  that  llKH)  cubic  oentinii'tres  (1  litre) 
shall  contain  exa*  tl/  one  ^  ijrtim-ntuUcuIe  (i.  e.,  1  molecule  exprcHsed  in  ^ 
graiuri)  of  the  acil. 

About  70  graniti  of  coucentrat^nl  8ul])hurtr  acid  art*  diliiti'd  with  alMiut 
6<W  g^raniN  of  water  ;  when  tlit*  mixture  iri  e*ioI,  the  vtdnnie  ut  it  nt'rt^i*nrv 
loaaturattt  5.3  grams  (one  ^  decigram -molecule)  of  pure  anhydrous  aodinm 
oarbonale,  Na^COj,  is  determined.*  Fi»r  this  purpose  5.3  grams  of  freshly 
ignited  sodium  carbonate  ar«-  disiiolved  in  hot  water,  the  nolutiou  colored 
blue  with  a  few  drujjM  of  litmu:^,  and  the  acid  addtnl  froDL  a  bnrette  or 
alkaliinetre  (p.  'K*!)).  at  last  dn>p  by  drop,  till  Ihe  ixdor  Ju!it  parses  from 
wine-red  to  light  red,  and  till  strips  of  litmus-paper,  moistened  with  the 
solution,  begin  tu  retaiu  the  color  when  <try.  The  volume  of  ai-id  em- 
ployed ia  then  noted,  and  tln^  whol«  dilutt^l  so  as  to  approximate  to  the 
requin^l  strength.  SupjKwe,  for  insUnce,  37  cubic  tvntiuieires  of  acid 
have  been  ui»e<l  :  water  is  then  added  till  every  IW  volumes  i.t  diluted  to 
250  rolnmes,  and  another  determination  is  made.  If  lU*  rubie  i^entimeires 
are  now  rL><(uired  to  uaLurate  the  ^  decigram  alkaline  solutiun,  every  t«0 
volumes  of  the  acid  must  l>e  dilute^l  to  IW,  and  the  result  controlled  by  a 
fresh  dotiTmination  ;  UK)  cubic  centimetres  of  this  acid  i>bouId  exactly 
saturate  5.3  grams  of  sfKlium  carbonate,  and  will  ixmtain  1  hall-d<Tigram- 
molecule  of  acid  ;  2  cubic  ceiitiinetri'S  will,  therefore,  ctuitain  1  milligram- 
molecnlo  (0.0U8  gram),t  And  will  saturate  2  milligram-molecules  of  an 
alkali  (KUO  or  NallU)  or  1  milligrum-molecule  of  an  alkaline  carbonate 
(K-rOjOr  Na,CO,). 

To  estimate  the  proportion  of  alkali  in  a  commercial  sample,  a  weighed 
porlioik  uf  the  substance  ia  dissnlvt^d  in  water  (if  a  solid)  ;  a  few  dro}^  of 
littnus  are  a«id4><l  ;  the  standard  acid  is  addt^l  from  a  burette,  until  tho 
flr«:t  permanent  a])pearanct.>  of  a  light  r«Mi  color  ;  and  the  vuluuie  of  acid 
em]duyeit  is  read  otf.  Rach  cubic  centimetre  of  acid  ctir reft] Minds  to  1 
milligram-molecule  of  alkali,  or  1  half  ndlligram-mnleculc  of  alkaline  car- 
bonate ;  i".  f.,  to  0.lK'j3  gram  of  stMlium  carlwnate,  K«,rOj,  (l.(Kl!t  gram  po- 
tassium carbonate,  KX'O,.  0.1)40  groin  of  caustic  soda.  NaHi>,  0.05G  gram 
of  caustic  jHitash,  KllO,  and  U.017  gram  of  ammonia.  Nil,;  and  a  siuiplu 


UK)  :  ti.O  :  :  number  of  cubiocentimctrescmplnyeil  :  potAMdumcarbr'hBle 
pn-sent).  By  operating  on  UH)  limes  the  A  milligrani-molecule  (*•.</.,  6.9 
grams  in  the  case  nf  potassium  carbrtnate,  5.3  grams  in  the  rase  of  sirdinm 
carbonate)  all  calculation  is  aavi^l  :  for  as  this  amonnt,  if  present,  would 
require  100  cubic  ei'Titinti'treb  of  acid  for  ita  saturation,  the  number  of 
cubic  centimetres  actually  ris^uircd  at  on«.«  indical<-«  the  percentage  of 
alkaline  car))onate.  The  burettes  commonly  asixl  coulaiu  50  cubic  c«mt.« 
metres,  and  are  graduated  into  Imlf  cubic  wntimetres ;  so  that  by  0]MT»t- 
Ing  on  50  times  the  ^  milligram-molecule,  the  numlwr  of  divisions  ouiployetl 
indicates  the  ]»croentage. 

Sometimes,  instead  of  exactly  nentraliiing  the  alkali  with  the  standard 
Ai:id,  it  is  better  to  add  the  aeiil  till  the  litroD.4  assumes  a  distinct  light 
red  wlor,  then  bent  the  solution  to  iK^illng.  and  add  a  ^mall  exc«4)s  (&  to 
10  eubio  oentimclres)  of  acid.     The  hot   solution   ia  freed  from  c^rbunlo 


•  The  moler<u1e  oftrMlium  oarbooate,  N(»«*''V  welch*  2X  W  i-  H-f  »X  >'• 
t  Tlie  molecular  weight  of  sulphurlo  a^ld.  U;SO„  U98  -  «  +  M  +  * X  >•• 
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hy  agitation  and  b/ drawing  »ir  through  it  with  a  glaaa  tubo ;  anil 

•n  ii«<utraIi2*Nl  with  a  Mandard  Kolution  of  oauBtic  himIa  (100  vuhii*  ut.*n- 

i.'lr»?s  of  which  »'xiu;tly  sulurulc  UKI  cubic  centimetres  of  the  itUiiidanl 

il)  till  tho  cvtior  Just  chaii]^*'!*   fnuu  rt^l  to  Itlue.     tiincv  thu  acid  aud 

:altii(?   (Milutlon.'i    iit'Utrulise  each  ttther  Toluuiu  fur  voluiut*,  it  iti  only 

v**arjr  U»  d<Hluct   thr  minilwr  cf   cubic  wiitiiiit'in'S  »»uiployt«d  of  Ilia 

itti^r  frtna  that  nf  thi*  formtT,  and  cnh-ulatu  the  amount  uf  alkali  from  the 

lidue.     ThU  rorthod,  ealK'd  tho  injirtt-t  or  resithmi  mrt/iod,  in  prufurable 

the  diriH'-t  in»*th<Ml  proviuuiily  dtfacrilxtl  fur  thu  analyttin  of  i-ArUinatt!^, 

linw  th4i«  riiftii^'i*  from   blue  to  rod  in  more  ditituictly  luarki-d  than  that 

one  shoilo  of  rt^l  tu  another. 

The*  Htandard  iH>lutiou  of  cauMtic  fi<>]a  must  be  kept  in  a  flaak,  into  ths 

trk  of  which  lA  in»*>rt(yl  a  calcium  chloridu  tube  filled  with  a  mixture  of 

•lium  atilphatt!  and  quicklimt*,  which  ofructually  pn>vpntH  thti  ahitorplion 

cArbonic  Ac'id.     If  Miu  burftt**  Iw  <.io»eit  with  a  similar  tub«,  the  wxia- 

lutiim  may  rciiuiin  in  it  for  davH. 

Th»?  "  alkaliiitHtor"  or  '*  bun'ltu"  is  a  glaxfl  tulw  (dg.  150)  rlos»d  at  one 
aud  raoul'liMl  into  a  s}>out  or  lip  at  tho  other,  aiid  markiMl  with  any 

^nt  :4Gal()  of  t^iual  partA,  grm^rally,  as  alx>vi)  mcnti<)i)e<l, 

llXt  half  cubic  tx*ntimi'tr«b.*     A  atrip  of  pap«>r  ia  pasti^d 

le  tnbf«  and  ttutTerml  to  dry,  after  whieh  the  injttrunicut  ia 

diuit«d  by  oount4.'rpoidin^  it  in  a  nuarly  upright  poeiition  in 

It*  pa,n  of  a  balanm  of  moderato  delicacy,  anil  wvi^hing  into 

in  HiiocMasinn,  &,  10,  15,  20,  etc.,  grama  of  dJstilU^  water  at 

C.  until  the  wholo  quantity,   amounting  to  r>0  j;rumH  (r>0 

ibic  contimetr***),  ha«  Uvn  intrrKluevil,  thu  lovul  of  tin-  water 

thi<  tul»e  being,  aft*>r  oaeh  addition,  carefully  marked  with 

P'-n  upon  tho  Htrip  of  paper,  while  the  tubv  iii  held  (|uito  up- 

;ht,  and  the  innrk  maile  l>etwe<-n  tlut  top  and  bottom  of  the 

irvu  fnruuMl  by  the  Hurfavo  of  the  water.     Th»  Hmaller  divi- 

fu  of  the  scale,  of  a  half  cubic  centimetre  ench,  may  th**n 

made  by  dividing  with  fximpaaiiefl  each  of  tlte  apaocit  into 

>  m|iinl  partH.     Whou  the  graduation  is  complete,  and  tho 

|fera1or  ia  natiitfl^Ml  with  its  accuracy,  thomarkH  may  Imi  tranft- 

jrred  to  th«  tube  itself  by  a  uharp  lile,  and  tho  paper  removed 

a  little  warm  water.     Tloj  uuniltors  are  Meratehed  on  the 

LtKS  with  the  hard  end  of  tliu  Hame  fil«,  or  with  a  diamond. 

Ir  th*  glaaa  is  covered  with  etching  wax,  thoBcal«  traced  upon 

with  a  line  n«>tHlle  puiiitf  and  the  marltti  otcUed  by  exputiing 

i6  lut)o  to  the  va]Mjr  of  hydrofluoric  atid. 

Th<«  alkalimut«r,  reprexentod  In  flg.  150,  Is  theeimphfit  form 

tlii<i  in.ttrniiir-iit.     'I'tie  {touring  out  of  minute  quantities  it*, 

»\Tever,  greatly  faoilitat«Mi  by  providing  the  measure  with  a 

irrow  dr-ippini;  tuin*.  fi^.  1.11,  thi^  hiwer  extremity  of  whieh  Is  soldered 

•>  th«5  men:ture,  whilstt  the  npp**r  one  ia  l)ent  outward  and  aharply  cut 

Thin  kind  of  buretto,  whieh  18  known  aa  (iay-LusHac'it,  is  vhioHy  ustnl 

Franca.     Th«  liquid  niay  lt«  very  conveniently  jmurwl  from  it;  but  it 

rather  easily  broken,  so  that  it.<4  niani]>ulation  requires  a  go»l  deal  of 

itv.     ThiH  defect  is  greatly  obviated  in  the  burotte,  fig.  I'l'l,  in  which  tho 

'adiiated  lube  is   providrtl  wl'h  a  M|»out  at  the  top,  there  Ufing  at  the 

ime  lime  an  orifice  for  |Mmrinf;  in  the  liquid. 

A  very  elegant  iiititrument  has  been  contrived  by  Dr.  Mohr,  of  rohlenlx. 
ia  a  grailuateil  lube,  drawn  out  at  one  end  to  a  jmint,  lo  which  Ih  at- 
rhed,  by  meuiis  of  a  narrow  vulcaaiaed  caoutchouc  tubi*,  a  nhort  glaiui 

II  may  alto  lie  divided  Into  1000  gmln-meiuureff.  tbe  grftln.raejtaurf)  trlnic  the 
^talty  ut  A  gntln  ot  iUfttllleil  wntcr  At  00**  F. ;  To,000  such  measures  go  lo  aa  Im- 
rlal  gnUoo,  AQd  8760  to  a  piat. 
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tube,  likewijM'  drawn  out  to  a  |)oiut  (fig.  163).  There  U  a  aiuall  Apace 
(about  j  inch)  botYTveii  tli«*  twu  tuU^,  upi>n  wUiih  is  Axwl  n  motallic  L-lui»p, 
Oi  ri.*pri.>ttt<utu>d  iii  its  autunl  (liiuviibiuiw  in  IJg.  154.  ThU  cliunp  lihulM  olf 
ihf  eijiini^tion  U'twcfii  tlic  ^^rriduatfd  cyliudt^r  uud  thv  aniall  gla±>»  tul»e. 
By  prifising  with  the  linger  upon  tht^  vuds  b  b,  o(  this  dainp.  It  uprim,  and 
allows  llm  U4uid  tu  Uuw  out  of  the  lower  tube.     Ic  in  evjilent  tlint   by  tkis 
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arraagtMnvnt  the  amount  of  liquid   may  be  regulated  with  the 

U  id  often  drairabU,  in  thu  aunlysle  of  carhonatefi.  to  ileterminv  direc 
the  prnptirtiun  of  carbonic  acid :    the  following  inethodit  give   very  exa 
resiiliM  : — 

A  timiill  Light  glruts  Aank  of  three  or  four  ntinaon  capacity  with  lipp 
edge,  is  chosen,  and  a  cork  fitted  to  it.  A  piece  of  tube  about  three  inch 
long  iri  ilrawu  out  at  one  extremity,  and  fittiHl,  by  niea 
of  a  Hiitall  cork  and  u  bit  of  bi-nt  tul>e,  to  the  cork 
the  lla^k.  This  tube  ia  filled  with  fragments  of  calcium 
clilori<le,  preventiMt  from  escajtiiig  by  a  little  cotton  at 
either  i*nii  :  the  joinl.t  are  seeun**!  by  Ae-aling-wax.  A, 
Bhort  tiilx.*,  uloscd  at  one  extremity,  and  small  enoug! 
to  go  into  the  tlaak.  is  aUo  provided,  and  the  apparat 
is  complete.  Fifty  grains  of  the  oarlMinale  to  l»e  exam-, 
iued  are  eurefully  weighed  out  iind  iittrixluced  into  tho 
flrwik,  together  with  a  little  water;  tlie  vmall  tube  is 
then  filled  with  oil  of  vitriol,  and  placnnl  in  the  flask  in 
a  nearly  uprjj^lit  podilion,  and  leaning  against  its  sides 
in  Kueh  a  manner  that  the  ui-id  dtx-as  not  escape.  The  oork  and  calcium 
chloride  tub*'  are  then  adjuated,  and  the  whole  apparatus  is  stx^urately 
uounteriMiised  on  the  balance.  Thii*  done,  the  flask  ih  slightly  inclined, 
BO  thai  the  oil  of  vitriol  may  nlowly  mix  with  the  other  substances  and 
decompose  the  earlKuiato,  the  gn^  frmn  wliiih  eseap4*?(  in  a  dry  state  from 
the  extremity  of  the  tube.  When  the  atJtion  has  eDtlrel_v  ceased,  the  liquid 
J»he»ted  until  it  boils,  and  the  st«ain  Uvlna  to  condense  In  the  drylng- 
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tnbe ;  U  is  then  left  to  cool,  and  wHghml,  wb«n  the  Irwi  IiidicMtoa  th« 
quantity  of  uurlxni  diuxido.     The  acid  must  bo  in  excettft  after  the  fxperi- 
irni.      Wht-n  LAlcium  uarhnnali*  i*  thus  aual^zfd,  bvdrjchloric  ncid  niuitt 
it..i,(.i(...i  for  the  sulphuric  acid. 

aUne  »jitNir:itus,  a  uffit  arrnngemonl  mny  Iv  nspd,  vrhirh 

C'  t'*d  b.v  Will  nml  Fntt*'nma.      Jt  i-oiiHiitt:*  of  two  Kinall  jjluas 

flssk».  A  niid  w,  the  Uttur  U-iiig  somewhat  SDialh*r  than  tht-  fomwr.     Karh 

of  lh«  IlAakH  i&  pnivid«Ml  with  a  doublr  pvrforal^Hl  wirk,     A  IuIk-,  optn  at 

both  «ndfi.  but  chned  at  the  upper  cxtroiuity  hy  UKianH  of  a  xniall  tiuantlly 

of  wojc,  piUMies  through  the  wrk  of  a  |fi  X\\v  very  br>ttoiu  of  the  Hiiak,  whiUt 

A  aeeond  tube,    reaehiufj   Ui  the  bottiiin  of   s. 

«Btahlwh«?M  a  ivuiiiitiuicntiou  between   tUe  two 

laakB.     The  t-urk  uf  b  ih  pmvitted,  mnretiver, 

nth  K  aliort  tul>e,  li.     In  order  to  anulrxe  a 

-triiiate,  a  suitabh«  quaiilit/  (fifty  j||;rainH)  in 

It  into  A,  tngether  with  (*fimr  water,     u  is 

If  tllird  with  concentrated  suljiliiirie  ncld, 

•  apparatus  tigbtly  (tlt«Hl   aiid  wei;*hMl.     A 

nail   i^ii.inlitr  of  air  m  now  nucked  uut  of 

fk  «  hy  means  of  the  tulw  (/,  whereby  the 

ir  in  A  i»  likewine  rarefied.     On  alluwing  tlio 

ir  to  r^itum,  a  quantity  of  the  Hulphurir  acid 

leenrls  to  the  tube  r^  and  flows  over  into  flask 

cjiuiing  A  diseiigageiiienl  of  carbon  dioxide, 

'Ulch  eiicap<*«  at '/,  after  liaving  been  perfectly 

tried  by  pa«uing  tlimugh  tlie  bottle  n.     This  nperatton  Is  rept^ated  until 

[die  whole  of  the  carlmnnle  is  deconipiwe*!^  and  tbe  priieettn  in  teritiliiAted 

|b,v  op^Miing  the  wax  Btopper,  and  drawing  a  ipinnlity  rtf  air  tbrongli   Ibo 

pparatUA.     Tbe  appanitUM  is  now  rewriglMftl,     The  dilference  i>f  tbe  two 

r-ighinga  expriaii*i*«  the  quantity  of  carlxm  dioxide  in  tbe  eom(>ound  anO' 

xcdl. 

Sodium  Bnlphate,  Na^SO^.TOHjO,  mmmonly  called  G!at^*er*t  mU,  is  a 

•product  in  several  cht>niieal  operations  and  an  Intermediate  prixluet  in 

be  Dmuufacture  of  the  rarbunutu  aji  above  deserJlK^  :   It  may  tif  eounie  be 

'|»ared   direedy,    if  wanted    pure,   by  adding  dilute  sulphuric   aoid,  to 

ituration,   to  a  soltilion  of  sodium  carbonate.     It  crystallizen  in  fnnns 

lerired  from  an  oblique  rhombic  prism  :   the  cnrMtaU  contain   111  niolecuita 

water,  arp  efflor.'Ncent,  anrl   undergo  watery   fusion  when  henteil.   liko 

loge  of  the  carbrmate  :    they  are  soluble    in   twice   their  weigbt  »if  culd 

rater,  and  rapidly  increase  in  solubility  aa  the  temperature  of  tbe  liquid 

!#•«  In  330  (\  (HI.40F.),  at  which  point  a  maximum  is  reached,  HHI  jiarts 

water  dissolving  117.I»  parts  of  the  salt,  corres|Km(iing  with  S*i  parta 

knhydnms  wwiium  sulphate  (s^-e  fig.  95,  p.  142).     When  the  salt  is  heated 

:yond  this  point,  the  solubility  diminishes,  and  a  portion  of  tiulpbate  is 

•[MMited.     A  warm  saiurate«l  sidutinn,  i-vaporatvd  at  a  high  temperitlurr. 

ffleposilA  op;ique  prismatii^  crystals,  which  are  aiibydrous.     Tbe  salt  has  a 

llightly  IfiltiT  tat^te.  an'l  is  purgative.     Mineral  springs  aometimea  cimtain 

[ll,  as  that  at  CbfUeiihatii. 

S'iditun  ami  IJytirofjm  SulphiUf.  or  Ariil  Snttium  Sufpfiatf,  2XiinS)>,..'lH,0  or 
ro^jJI^f^.afljO,   conmionjy   calU-d    hUulphnlr  nj    soda,   is    prepared    by 
Iding  to  10  parts  of  tbe  aubydrous  neutral  sulphate,  7  of  oil  of  vitriol, 
raporatinp  the  whole  to  dryness,  and  gently  igniting.     The  odd  sulphato 
aoluble  in  water,  and  baa  an  acid  reaction.      It  is  not  deliquescent. 
verj*  fltronglv  heated,  tbe  fused  sttU  given  up  anhydrous  sulphuric 
(sulphuric  oxide),  and  becomes  neutral  sulphate ;    a  change  whidk 


* 
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i]ectf»t>Arily  sappo«t«  the  prt'Pioug  formation  of  a  prrcMulphat*!,  Na»S,0,  or 

Bodlam  HypOBulphlta,  Xa,S(Jj. — Tliis  salt  ia  pnxhical  by  tlu'Hcoxi- 
di/iii>;  iu-.Uuu  ui  itiii.  >m  iliu  sulpliilf,  Na,SO,.  Us  pri;pnratmii'baB  alrearly 
bfen  d^cribeii  (p.  11*7).  It  crviilalliztii  in  n»MKiI»M  suluMe  in  water  and 
ui  Wfuk  spirit,  tkf  sulutiun  exhibiting  ttrong  bleadiing  aiid  rediu-ing  pro- 
|M;rtiii{.  Thf  4;rystA)K,  wimn  •♦xjtoH.tHi  Ui  the  air  in  the  luoist  ttlatu,  rapiilly 
b«L-<>ine  hot  fittiu  df^ixidation,  a  property  by  which  thia  salt  is  distin- 
guished fruiu  thi<  Ihtijsulphat^;. 

Sodium  ThloBulphate,  Na^O,,  formerly  called  kyponilphite.  This 
salt  is  luruiLit  tnmi  tin*  Hiilphit<.>,  N«,S<>„  by  additiun  uf  sulphur.  Thore 
are  several  mmlus  of  procuring  it.  One  of  the  Ih'R(  ia  to  lonn  neutral 
aw/tuin  fW/Wui/r,  by  paa»iiiK  a  utrcaiu  of  Wfil-woahed  tfutphuruua  oxide  gas 
into  A  strong  nolutiou  of  ho^lium  carlH>i)At«%  and  then  di^i-ttlin);  the  ttolution 
with  sulphur  at  a  gentle  heat  during  severnl  days.  By  tarefnl  evnyKira- 
tiou  at  a  moderate  tempi-raturc,  the  nail  i>i  obtained  in  large  regular  trvR- 
taU,  which  arc  very  soluble  in  water.  It  is  ukwI  in  considerable  quantities 
fur  photographic  purposvN,  aud  as  an  antichlore. 

SocUam  Phoaphatefl. — The  comp<witif>n  and  chdnieal  rvlationa  of 
thette  saltrt  have  alr«.Ady  been  explaintnl  in  api'akiiig  of  (he  boaicity  of  acids 
(p.  285). 

DistMliitftadric  PftnxpfuUf,  or  DisoHic  Orthofihfutfihfitf;  fmnnon  Ttilmsu  Phot- 
phatr,  J»a,HI*Oj.li;il,0. — This  salt  is  prepared  by  pn-eipilaliug  the  acid 
eah:ium  phosphate  oblatueil  in  deeompoKiug  bone-aHh  uith  suljiliuric  acid, 
with  a  slight  excest<  of  Hodium  carbonate,  and  evaporating  the  i-lear  liquid. 
It  crystalliaes  in  oblique  rhombic  pritnis,  which  are  efflorescent.  The 
oryvtaU  dissolve  in  4  part«  of  rold  water,  and  underj^o  aqni>ous  fusion 
when  heated,  Thn  salt  is  bitter  and  purgative;  its  8<iUition  iti  alkaline  to 
test-pap^r.  Crystals  vuiitaining  7  nioleeules  of  water,  and  having  a  tt<iiu 
different  from  that  altove  mentioned,  have  iHnrn  otitained. 

A  trtHHlic  i>rtfi4tfjN>0ftfiftte,  hnmetinies  called  tufij'hnttfhatr,  'iia^^0^.l21lyO,  is 
ohtainvd  by  adding  a  mtlution  of  caustic  soda  to  the  preceding  tialt.  The 
or^'staU  nrv  blender  8ix-f<ided  prisms,  Koluble  in  five  parts  of  w»ld  water. 
It  is  dwiom]xwcd  by  acids,  even  carl»onic,  but  sufferb  no  change  by  heat, 
(>xp**pt  thf*  h>r>B  of  its  water  of  crystallixation.  Its  solution  is  stiongly 
alkaline  Mfmanodic  ortAofifumphntfy  NnlJ^rO^.D^O,  often  called  Miper|diott- 
pliate  or  biphosphate.  may  be  obtaint-d  by  adding  phimphoric  acid  to  the 
ordinary  phosphate,  until  it  cease*  to  precipitate  barium  chloride,  and 
px]Mwing  the  concentrated  solution  to  cold.  The  crj-stals  are  prismatic, 
very  soluble,  and  have  an  acid  reaction.  When  Htrongly  heated,  this 
salt  l>eei>nies  changed  into  nionobosio  sodium  idif»sj)hale,  or  metaphosphate. 

Snttium^  AmmoHtmm,  ntui  Hyriroyen  PkoipkU^;  ihrnphomn  Salt;  j/icrocwmic 
Sri//,  NaCNHJHTO,. 411,0. — Six  parts  of  common  sodium  phonphate  are 
hcatod  with  2  parts  nf  watrr,  until  the  whole  is  liqueli«Nl,  and  mu^  part  of 
powdered  sal-ammoniac  if>  added;  common  i;alt  then  (Separates,  and  may 
be  remnvt«<l  by  a  filtt-r  ;  and  from  the  Holutinn,  duly  conijcntrated,  the 
mirrooosmio  salt  is  deposited  in  prismatic  crystal:*,  which  may  bo  purilicd 
by  one  or  two  rerryslalliiations.  Microcogmic  salt  is  very  soluble.  When 
gently  heated,  it  part.-*  with  its  4  molecules  of  crystallization-wator,  and,  at 
a  higher  temjK'rat tire,  the  basic  hydrogen  is  likewise  cx|feUed  aa  water, 
together  with  ammonia,  and  a  very  fusible  compound,  soilium  metaplms- 
phattf,  remains,  whicli  is  valuable  as  a  flux  in  blow-pipe  exporimeuts. 
Microoosmic  salt  occurs  in  decompoml  urine. 

Tetnuodir  fkoMpJintr ,  or  Siviitan  PifrophMpKate,  NajP,O,.10HjO,  is  prepared 
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Kjr  stnw^j  hcaitliv  "J"'"'"  ^IkkUt  aclbapbosplwte,  tiiiMng  th^  tmi* 
diM  in  vAter,  mad  rwrjrat&tUxiag.  Tfaa  oTsttls  ««  v«t;^  hrilli*nt,  prriHH 
iMtnt  to  Uw  ■ir,  and  lav  nlsble  Uua  the  «rigiBal  ptwjihHi :  Oar  «<»- 
IkMi  i>  alluUiDe.     A  1 1  liiilj*  ii  /yiydbyfcdto  h—  been  obuiaed :  Wlk^M 

Iwatfcqg  eftlkvr  (he  acid  tribaaic  pboaphMe,  or  ■tiemeu— io  Matt.  It  u  « 
t/mtMpar«BC  gl—iy  safaslajier,  fiuible  »t  a  dall  ivd  h*-*!,  di*liqii«apmt,  and 
verr  MiloUe  ui  valcr.     It  refuses  to  crrtft&Uu«,  but  dric«  op  intu  «  guw* 

Ilk.*:-  BUMS. 

If  Uii*  (IJMj  piMftphate  be  eooM  rvrr  slowlr,  it  ftcpantes  a»  a  bir«a- 
tifttl  cVTsUUixkv  sum.  It  laaj  tir  puriicd  br  means  of  buUing  waior  fhjia 
Vke  fitiacM  aeUpbafipbatM.  which  will  not  crr^flaiUie.  Anothar  ta to 
phnaphilr  has  bnoi  obLuned  bj  adding  sodium  sulphale  to  an  vxcvoa  of 
phoaplwriD  aeidf  eraporating,  anil  hcf&int)ir  Ui  npwandLs  of  31SO  C.  <&990 
F.>.     PaasiU/  ihtfe  s«v<rfal  nirtapli<j»|ihau«  mav  t>e  repmentMl  by  tha 

Tha  tribosic  ph'iBptiat*--^,  or  ortl)o|>hn«phat«a,  gir«  a  bright  rrllow  pn*- 
Hpitatr  with  solatmn  »t  silr«*r  Ditrau> ;  the  bibaaic  and  ttunobaaic  phos- 
jibAitv  allord  ahit«  proclpitat^^  witli  tti*-  »aiuf  substanev,  Tb«  »Alts  of 
lUe  tMru  Laitifr  clsautoi,  TumxI  wttU  excc&ti  of  Imodium  carbonato,  are  otinrerVud 
into  ortbophoapliate. 

IN^P'  •  ring  the  phcaphatos  inttuin«diata  in  oompoaition  bctwotui  the 
t  hxte  and  p^troplK^pbate  of  aodiiun,  diaoorered  fagr  Ftuilmann 

-1.  <rg,  &w  page  IMO. 

Sodium  Boratea.-— The  mntm!  bomle  or  mmiaharat*,  NaBO,nr  Na^CB^O,, 

i<  forui.  ■!  Uy  fusing  coumou  borax  and  s«Mliuiit  c&rbunalt*  in  niuiralcnt 
proi»>rii<':i^,  ani]  diasolving  tb«  mass  in  waU*r.  It  lomu  largo  crystaU 
ciwiUiniii-  .\:il»0,.3H.O. 

Th.*  .\>J..j.i,.J-..;tu,  h!'>orftt^,or  Fiomr,  2XaRO..B.O,.10n,O  =  Ka,0.2B,0,. 
ItiU^o,  M.viirH  in  the  waters  of  oortain  lakea  in  Thiht't  and  IVrsia :  it  ia 
imiMirt««l  in  a  crade  stst*;  frniu  India  undrr  th"  nanK'  of  timml.  Wh«»n 
purirkv),  it  cofiBtitutos  lh(^  borax  of  commerce.  Much  Itorax  is  now,  how- 
rrur,  manufariuriNl  from  ili«  nativn  boric  arid  of  Tum'any,  aI^«l  from  a 
nalivir  calrium  Itorat**  r-nllM  AoyrJiW,  whirh  ocruni  in  iHiUthnni  IVru. 
Borax  crjrfitallixea  in  fi!x-5iilt*d  priMiis,  which  cfflnrttit^  iu  drv  air.  and 
r<M)uire  20  parts  of  cold,  and  ti  of  tyiilin;;  wsut  for  fuilution.  On  t*X|H>!*int* 
it  tn  heat,  the  HI  mnl^culrs  of  wat«T  of  cryatallixation  art*  cxim'IIiiI,  and 
a(  a  hiu'her  t4*nipfraturt*  the  salt  fuses,  and  aaaumea  a  glassy  appi-nramv 
on  4iiriUne  :  in  thin  state*  it  is  mach  osed  for  blow-ptpo  DXp^TimcnlH,  Iht* 
nixtalLic  oxides  dissolving  iu  it  to  transparent  beads,  many  of  which  are 
distingnishe«l  by  characU'rislic  cwlors.  By  particular  mnnARi'mcnt.  crystals 
of  borax  can  hv  obtalne<l  with  6  mnh^rulfA  of  wat4.>r  i  they  are  very  haril, 
and  p*?rmanenl  in  air.  Borax,  thouj^h  by  conslilutipn  an  ai'ld  sail.  ha.<4  an 
alkaline  nJ^a'-tion  to  leal-pap'T.  ll  t5  u?«*>i  in  the  aria  for  KoMenni;  fnt-tTls, 
its  action  consisting  in  r«nd»^rinR  the  surfaces  to  be  jointnl  rnelAllie.  bydls- 
sotvinc  the  oxides,  and  it  eumutimes  enters  into  the  composition  of  thv  );liue 
witli  which  stonewaro  is  oorerod. 

Bodlnm  Snlpfalde.  Na^S,  is  prepared  in  the  aamn  manner  as  potas- 
sium mon(i-4uIpliide  ;  it  rteparates  from  Aconrentrnte^l  Rolntion  in  octohnlral 
crvstaU,  whirh  are  rapidly  detxmi|H>se*l  by  c*)nU<.l  with  Ihi-  air  into  a  mix- 
in  re  of  84Mlium  hydrate  and  thioHulphate.  It  fiTinH  d'uibh'  Hulphur  Malts 
with  hydrogen  nulphide,  oarlNm  biiStilphide.  and  oUxt  sulphur  acidn. 

Sodium  sulphide  i-f  Buppose-i  to  enter  into  the  composition  of  thi*  beaiu 
tiful  pij^nent  ultrntminn^^  which  ie  prepared  from  the  hp*M  fanlit  nw\  is 
27 
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now  imitAted  1>v  artiflciftl  means.  An  intinialo  mixture  of  37  kaolin.  15 
■odium  eulphatti,  22  &odium  carbonate,  18  sulpbur,  and  6  cliaix-ual,  i» 
heattxt  from  twviity-faur  to  ttiirtr  huum  in  large  crucitikith.  The  jjnMluil 
tliuB  obtaliieJ  Is  again  heated  in  ciuft-iron  buxue  at  a  mt^ileratif  tem|H>ra- 
tiiretill  therequifijd  tint  uubtaiuvU.  Aflt?r  beluj^  flutOy  palveriiwl,  washed 
and  ilrierj,  it  ixinHtituteii  uouiinvrcial  ultraiuarine.  The  t-ompuuiliou  of  lliiii 
oulor  varicB,  and  its  true  coiitfiiiutiun  ia  not  known. 

There  in  no  gc«Mi  precipitant  fi«r  >rMiium,  all  it*  a&ltn  Iwing  vnr/  aolultle, 
with  thn  (exception  uf  the  tw/tiatuHfuiatf,  which  is  prrctpitat^Hl  on  mixing  & 
unluliitit  of  a  Hodium  salt  with  a  ti*>liition  of  p<ila±>HLiiiii  mt_'taiitiiuuiiuto ;  the 
usi?  of  this  reagent  is,  however,  attended  with  ^ome  diiticiiUies.  The  pre- 
w?ncc  of  »odium  is  often  determined  by  negative  evidence.  The  veMow 
i:olor  imparted  by  Hodium  Hait«  to  lh«  outer  Uame  of  the  Wow-piiw,  aiitl  to 
L-ombastible  matter,  iit  a  character  of  (xmstderable  imt>ortaue«.  The  »pei>- 
Iral  pheuomeua  exhibited  by  sodium  oompouuda  arc  mentioued  on  pagu  b7. 


AMMONIUM. 


TriB  amuioiiia  HallH  are  moet  cnnTwnientljr  studii'd  lu  this  place,  on  ao- 
Dount  of  their  elnse  analogy  to  thoM  of  potassium  and  po<lium.  These 
.-allH  are  formed  by  the  direct  union  of  ammonia,  Nil,,  with  aeidn,  and 
alr.*ady  pointed  oat  (p.  Ili4),  tliey  may  U'  regarded  an  eomponmis  of  acid^ 
riylielL-d,  rl,  NO,,  SO^,  *.tc.,  with  a  basyloua  radicle,  Nil,,  calh-d  ammo, 
ni  u  m,  which  plnys  in  thei*e  Hnlt»  the  same  pvt  as  potassium  and  aodium 
iu  their  respuctire  vompounds  ;  thu» : — 


Ammonia- 
Nil, 

NH. 

2NIL 


4- 


4- 


+ 


iin 

Ilyilrorhlurio 

nxo, 

Nitrlo 
•eid. 

n.so, 

Sulphuric 
MiO. 

IIjSO, 


Animotiiuiii 

ctiluhdc. 

Nil,.  NO, 

ADimnnlum 
uitrate. 

NH..n.St), 

Acitl  smmoDlufO 
•  ulpbatc. 

(Nn,),..so,. 

Neutm]  Amnoaluai 
Aulpbitte. 


The  radlclp  NH,  is  not  capable  otftxisling  in  the  free  state,  inaamnob  as 

it  contain?!  an  uneven  numlx'r  of  monad  atoms :  U  is  simply  the  residae 

whitth  is  left  on  remnviniL;  the  atom  of  chlorine  from  tho saturated  molecule 

Mi.a.     WhetbtT  the  double  moleculu  ' 

NH, 

N,H„  or   I       ,  has  b  separate  existence,  is  a  different  question. 

NU, 

Ammonium  is  said,  indeed,  to  be  capable  of  forming  an   amaljram  wllh^ 

mercury  ;  but  even  in  this  state  it  is  quickly  r.-8olvcd  into  amioonia  and 

free  hydrogen. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moisten<7d  potasslnia' 
hydroxide,  and  connected  with  the  negative  side  of  n  voltaic  battery  of 
very  moderate  pow.T,  the  circuit  being  completed  throngh  the  platinum 
pinte  up-jn  which  the  alkali  rests,  deooraposition  of  the  latter  Ukt«  place, 
and  an  amalgam  of  potassium  is  rapidly  formed.     If  this  experiment  be 


-.fi^Vt««H' 


I7  vkkii  tk*  few 

cwvfiUlj 
■Ufc  1 rf  k^ 


•Cip«i:it«4  ■wciKey  m  »t«.     It  bM  ft  ftfcuy  salw»  (■•*»,  «mI  i»  aUtthU  l« 
tr  li  MiMlMiii  ■itltowt  jriiiiMfMirtiiM      Tb«  ciTstab  am aalgpdfvw.    Ai^ 


laa  ckWvii* 
aUMtoBlall, 


4o«U«  «alte  vHh    Um  cMoridM  oT 
siac^  aad  ooppM-. 


niiim  4rba«at«  V>  ftiirlttlr  diliit**!  nitnc  sctil  until  nciitraliutiiMi  Um 
b««  rcMlked.  Bj-  »!««  er'ftpontion  at  a  inoilrraM  t4i«n|*eratuiv  it  cnr»Ul- 
Ibea  In  alz-cided  prMos,  Uk«  tbive  of  polas&iun  ultrau  :  but,  w  luuallr 
prvpMel  f^  makiniT  nitni^n  nuwutxidrf  by  qttiffk  bottiitj;  until  a  v^>rtK«n 
iotidiica  «Mui|ilrtclf  an  ouoUng,  it  furmsafibroiui  and  ixulifttjuct  cr,v»tallLii» 
ziuia«. 

Amnooivai  nitrale  dii*rtlv«  in  two  parts  «f  c*M  waU»r,  prtxlucini;  nm- 
aiderabia  rlapriaitrm  of  t«SQperatuT«  ;    it  is  but  foob].v  dpliqucAL-^ui,  and 

■  S«e  WaSta^  IHetioaary  «f  CbcmlBtrjr.  Supplemeat*  p,  HI. 
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dtftlagrftleft  like  nitr^  on  contact  witli  hmt*^  cornbustiMc  mfttter.     Its  de- 

ooiuiMMltlou  bv  heftt  hA8  butMt  already  explained  (p.  154). 

Anunoaiom  Sulphate  (NH,)ySO,. — Pruparvd  by  neutralizing  amiHO- 

niuui  lartMiiuitt'  Hiili  auljfhuric  avid,  or  on  a  iar^i;  ijcalv,  Tur  uau  as  a 
uuiuuro.  by  adding  nulphuric  a<;id  In  vxo««a  to  thu  oual-gait  liquor  just 
muntiiinM,  and  purifying  ttio  product  by  Huitablo  uioanti.  It  in  Holublo 
in  '1  parts  of  cold  water,  and  uryatallizL-si  in  long,  UattvntHl,  aix-Bided 
priijiuH.  It  is  enlirtdy  decompiHed  and  driven  ulT  by  ignition,  and  vvim, 
to  u  curtain  uxtuut,  by  long  boiling  witb  water,  auiuionia  bi<ing  oxpflb-d 
and  ilit'  liiiuiti  rendered  acid. 

Ammonlnm  Car  bona  teB.—Tliere  are  three  definite  carltonatca  of  am- 
monium, lUo  i-uiuiHi!>iiinn  uf  wliich  i&  aa  follows  : — 

Normal  or  dininuioniac  carbonto,  (NH(),C"<>,.HjO 

Ai:id  or  amraonio-hydric  earUmate,       (NHj)llCO, 

"''ca'rbonilT  ^''^''^^  }  C''<"<)*l*i(<-'«.)rH,0  , 

(1)  Tlio  norituii  atrhonai»  U  prepared  by  addition  of  auunonia  to  one  of 
tbe  acid  sqUk,  or  of  water  to  the  carbamate  of  ammonia,  iXJN,!!^  (p.  •lU), 
with  curtain  special  precautiona,  the  desoriplion  of  which  is  too  long  fur 
iniiertiou  in  this  work,  to  prt'vent  the  eitca|>e  of  a  portiou  of  the  otumonia. 
It  cryatAlliziii  in  flnngatinl  ]dates  tir  HattMUt^l  prittni-n,  having  a  ciui^tio 
lABte,  a  pimerful  ammoiuaojil  iHlor,  and  eanily  giving  ofl"  ammonia  and 
water,  whereby  they  are  w)nvt.'rted  into  the  auid  carltouale  : — 

(Nn,>,ClVH,0  =  Nil,  -h  11,0  +  (NH,)HCO,. 

(2)  Amjnnfiiiim    and    H^fdrof/^n    OarhnnaU,    or    Mono-<itttmonir    Carhonnte 

(NHjjIlt'l'j,  rummunty  railed  /iinti-tniinitr,  or  Ami  rurhmutlr  of  amiHonia.— 
Thift  »all  is  obtained  by  saturating  an  atjueoua  solution  uf  ammonia,  or  of 
the  half-auid  unr>3onate,  with  (mrlM>uie  aeitl  gu» ;  or  by  trtviting  the  finely 
poundtul  half-Jirid  eAilMOiate  with  strong  ah^hol,  which  di^iiolves  out 
normal  or  diammoniu  earU>nate,  leaving  a  ri>8)due  of  the  mono-amnioniu 
■alt.  C«ld  wati'r  may  l>e  mied  iuitt<*ad  td  aUvthol  for  tluK  pur^Hwe  ;  but  it 
dissolved  a  larger  quantity  of  the  nmno-amnionir  cnrlH)nat<'.  All  Ammo- 
nium uarbonatea  when  left  to  thenutelvett  are  gradually  <Hinvcrl(Ml  into 
mono-ammmiic  carlK>nate.  This  salt  furins  large  erystnU  )x>]r>nging  to 
the  trimetrio  system.  Aeonrding  to  Peville,  it  is  dimorjihous,  but  never 
btoniorphous  with  ninno|Kttn«4siu  cnrbnnate;  when  ex]x»sed  to  the  air,  it 
Tolatiliaea  ilowly.  and  givea  oflT  a  faint  ammoni.icftl  ruhir.  It  ilis^nlves  in 
8  parts  of  cold  water,  the  solution  decomiKwing  pradnally  at  ordinary 
temperatures,  quickly  when  heateil  aliore  %^^  C.  (H(P  P.),  witb  evolntion 
of  ammonia.  It  is  insoluble  in  alobol,  but  when  exjjosed  to  the  air, 
under  aloohol,  it  dissolves  as  normal  earbonate,  evolving  carbon  dioxide. 

It  has  iMM'n  found  native  in  oonsiderable  quantity  In  the  deposJtjj  of 
guano  on  the  western  coast  of  I'atagonia,  in  white  crystalline  masses 
having  a  strong  aninmniaeAl  odor. 

(3)  Tetrammonw-diht^ric  thrhonat^,  N,H,*r,0.=  (NHt)4H,(rOj),.— This 
Halt,  ali"»  called  half-€teid  atrhonate  or  arjhjui'cnrhonatf.  of  anmcnia^  contains 
th»  rIementA  of  1  molecule  of  diammonio  and  2  molecules  of  mono-am- 
nKmir  rnrf>nnate,  into  which  it  in,  in  fa«t,  renolvod  hy  treatment  with 
water  or  alcx>h(>1  : — 

(NH,),H,(CO,),  »  (XH,),CO,  +  2(NH0HCO.. 

It  Is  obtained  by  disoolving  the  i*/>mmereia1  earbonate  in  <4trong  nqnennii 
aiiuuohia,  at  about  30^  C.  (860  K.).  and  erystalliilng  the  solution.     It 
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vm  rr-^Att>i\  with  a  pioc*»  of  aaI  Amiuoniai^  institail  of  jiritaitiittim  liy'in»XHli», 


.l-rM 


Hh 


wiitttin  aintuniiiulu  in  c^'tiuilnihtirin 
I*  r  nu'iiKMi  or  pruparing  tM«  i«>m|(Oiiti(l  la  1h«^  rn|]«^wlii^  ; 
a  pui  iiilo  A  UMltuU*  with  A  grain  nr  two  of  poUmiinm 
iUm  lif*rit  applit^  ;  coinbiuBlioii  ciiiiuni,  atlrniJifl  1>^  hiiit 
'  i.  thr  fluid  Amnl;;am  i«  put  into  a  rajwulo,  Jiii>l  im»v- 
ition  i>(  nal-aiijuioiuae.  Tho  i»riMliiftl(in  nf  xn  nin- 
tnntlr  (vtmuiciiL-^ii,  the  ntMnury  liXTi'AMlhjt  pr«»Ilfii< 
itiii^  quitf*  pafity. 


i(  vnricH  from    Ti'oirto 


Thn  iurri'ANi*  of  wi'ifrhl  m, 


in>i  H^ur, 
wd  with  a 

IACaI    Aiiti^.,..^.. 

1>  in  Titluuut,  anil   In- 

rvrr,  4uit»'   Iritlin;; 

ttt^'anuUgaiu  quick  1/ <iiH'onipiieti':«  into  fluid  int-n-urr,  ttiniiiiiiiift,  and  hj-dro- 

K»n.     ll  I*  moitt  prolialili',  lnd*'<Ml,  that  thn  Ao-rAll*H|  nni.'i))finn  ntay  Im*  no- 

itutr*^  thnn  nu'nury  which  han  iilttuirUHl  a  (vrtain  quantJt/  of  th<**A 

jiut  aft  tiilrer.  whfn  bi-ati'd  to  &  wry  high  t4'iu|M-raturr,  la  capaUit 

:    i|>  alxiut  twi-iity  tinicD  it«  voluuui  ut  oxygt<n  gOM,  vihlch  U  ^Iviw 

.    .     ;.  i^Kilinji.* 

A  I,'  Lhi*r  atfiiuoniuiu  has  any  fti^p.irate  i-xiitUnu'e  or  not,  It  In  qulto 

I  that  Diaiiy  amniuniacal  nultit  arc*  UtunurphouM  with   Ihtitx*  u(  |MttftM> 

Mid  if  fruiQ  any  two  of  tUu  corniipoudln^  Katt«,  an  th"  nilrnli-i>,  K.NO| 

1  >in,NO,,  we  Bubtracl  ih"  ra'lirl<«  Xo,  cmiiinnn  to  XUv  two,  thfrt*  ri'main 

nwtal  K  and  tht*  gn.>up  Nil,,  which  an*,  tbc^rrfon^,  nuppt^itcd  to  bii  Iho- 

rphoiu. 

lonlnxn  Chloride,   8al-anunonUo,  Nn^CI   or   MK.Iiri. — !>nl- 

tiftc  wan  forinrtly  tihniiutNl  from  Kk.viiI,  Iwlnir  rxtrnrti'd  hy  »iiltllniA* 

'frniik  th.-  *.k,t  of  L;anii'r«  duii^  :    it  is  now  larg<<ly  mannfiirlun'd  from 

aiii  1  'tiiid  of  th«*  gfLi  workH,  and  from  thr  condonni'd  prfMlurtu 

.1  of  bunt^,  and  oth«<r  aiiiuial  rufuae,  iu  tliu  prc|>aratlun 

of  siiiiiiul  i:hari.«JAl. 

Tht^r  impuri<  and  highl/  offunaive  aolntionfl  are  tf««AU»d  with  •  aU|fht 
icasM  of  hydnK'hlorio  u'idf  by  whiidi  the  frei'  alkali  in  nrutrallxcd,  and 
cfirlM^nali!  and  ^ulphidu  aru  dot-oDiiKw^^-d,  with  evolution  of  r-Arlionir  ai-td 
d  sulplturt*tt''d  liydrop'Ti  gaAi-a.  The*  liqnld  la  t*TApornl«*«l  (o  ilryni'M, 
Iho  haU  car'Tnllv  h-  iK-d,  ti>  cxp<-l  or  deoonpOAo  tht*  tarry  niatt<T  ;  it 
llu'tt  purifiid  hy  Mil'liin.iliou  in  lArgt>  iron  vmacIa  lini'd  with  clay,  nur- 
»unloil  with  dnine«  of  li*nd.     Suhlimod  Hal-AnuDoniAo  has  A  ttliroua  tcx- 

and  U  tuu^b  and  dif&cult  to  powd(.<r. 

Sal'Ammootac  fwparatM  from  water  undor  fArorablc  circuoifltAnnrii,  in 

distinct  cubes  or  oct^ihedrontf  ;  but  tht?  cryvtalit  atv  usually  nuuiII,  and 

;ri*gnt«>(i  t'i|;t*thL>r  in  rAys.     it  haa  a  sharp  Kalinc  tAntc,  and  U  Mduldo  in 

p&ru  of  <1>ld,  and  in  A  maoh  Amallor  quantity  of  hot  water.     Ity  lo^nt, 

Ia  »ublinu'd  without  derompoiition.     Tbo  cryiital»»  art-  anhydrou*.     Am- 

>uium  cbtorido  furma  double  saIia  with    the  uliloridea  of  niAgiitmium, 

ckol,  ooluUt,  maoganeae,  aiuu,  and  (K>piKir, 

Anunonlam  Nitrate  (NFl4)N0„  is  paaII/  prepAred  by  Afldfn^  Auimo- 
nium  uArbooAte  to  »n<chtly  dilut«'d  nitrio  Arid    nntil    ncutraliintion  hrtH 
brcn  rtfA<^h«d,     By  alow  t'vai»oriilion  At  a  modt-rAtrt  lemp«'ralnru  U  rryntal- 
ttm  in  aix-sided  "prit-m?*,  like  tboK«  of  potAiitiium  nilratt-  ;  bat,  aa  ununlly 
pared  for  makinj;  n!tn.;ri-n  monoxid*?,  l»y  quirk  Ix.illn;;   until  a  |M.rlUin 
lidifi««  wmpletely  on  cvoUng,  it  foriuA  a  fibroua  and  iadialiiiti  cr^'atallUie 
ia«. 

Ammonium  nltrato  diHHolrwi  In  two  part*  of  ooM  watar,  prododnff  oon- 
bie  dvpreaslon  of  tem|»erature  ;    it  is  but  f«'ebljr  deliqacACunt,  and 

*  S«e  Watta*!  DlotlooAry  of  CtaeailitiT,  Supplvmaat,  p.  TU. 
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This  is  called  Ntssler's  tent ;  it  bs  by  far  tiie  ino«t  dvUcAte  Uiet  for 

monia  Ihnt  is  known. 

.ifltic  Acids  tuui  Amidf*, 

Snlphamic  Acid. — When  dry  ammonia  gas  is  paaaod  ov^r  a  thin  layer 
of  sulphuric  uxidc,  SO,,  the  goH  is  al^sorbed,  and  a  whitocryBtaUino  pon-der 
\»  formud,  hnvini;  tho  eomposition  N,U,SOj,  that  is,  of  ainuioniuin  sulphate 
minus  unu  molecule  of  wator  : — 

N,H^,  mm  CNHjjSO,  —  H,0. 

It  is  not,  however,  a  lalt  of  sulphuric  acid  :  for  its  aqut>ous  solution 
do<*s  not  give  any  procipitato  with  baryta- watt.T  or  soluble  barium  salts. 
It  is,  in  fact,  tho  ammoniuiu-i^ait  of  snlphamic  ai^d,  an  acid  di>riv^<d 
from  sulphuric  acid.  SO^H,  or  SO,(IKtJj,  by  sulMtitution  of  the  uni%-alont 
radicle,  Nil,  (p.  318),  for  ono  atom  of  hydroxyl,  IIO.  Tho  formula  is 
SOjfMI,)!!,  find  that  of  iu  aminoiiium-salt,  s6,(Nll,)MI(.  or  S^JjNjH,. 
Auimoniuia  Hulphnmate  is  pormanoiit  iu  the  air,  aud  dissolves  without 
deoomposition  in  water,  ltd  solution  evapornto<l  in  a  vacuum,  over  oil  of 
vitriol,  yii'Ms  tho  salt  in  tr.in>p5ri*ut  colorless  erystals. 

Tho  solution  of  tho  ammnnium-s.ilt,  mixeil  with  baryta-water,  gives  otT 
ammonia,  and  yields  a  solution  of  barium  sulphonuifv  (SU3>'itj),Ba,  which 
may  be  obtained  by  evaponitit*n  in  wdl-delitit'd  i-ryHtaU  ;  and  tlie  soluttou 
uf  this  salt,  doeompoded  with  potassium  sulphate,  yields  potauium  sulp/iw 
mate,  SO,(MI,)K. 

Carbamic  Acid. — When  dry  ammonia  gas  is  mixed  with  carbon  diox- 
ide, thu  mixture  bving  kept  ei>ol,  th(>  ^astus  couibint'  iik  tlie  prupurtiun  of  ii 
volwmert  of  Iht-  fi>rn»T  to  1  volume  of  tho  lattor,  fuman^  a  pungent,  very 
volatile  subetance,  which  condenses  in  white  tlmvks,  Tlii^  su1«tance  has 
the  oompusitiou  CO,N',Uf,  that  is,  of  normal  ammonium  carbonate  L'U,(NHj), 
minitM  one  midc(MiIc  of  water.  It  exists,  as  already  oU^urvcil,  in  eommereial 
carliouate  of  ammonia  (p.  317).  It  was  formerly  calked  anJiifJrous  carbottate 
tif  amiitOHitim;  but,  like  the  preceding  salt,  it  in  not  really  a  carbonate,  but 
the  uumionium-^alt  of  earbamie  acid,  COj(NH),H,  an  ooid  derivt-d 
fruKi  carbonic  acid,  CO,[I„  or  C0(011)„  by  substitution  of  auiidugun,  NI1„ 
for  1  atom  of  hydroxyl.  Ammonium  carbamate  dissolves  rvadily  in  water, 
and  quickly  takes  up  one  molecule  of  tliat  compound,  whereby  it  is  con- 
verted into  normal  ammonium  earbonalv.  Whun  ljeat«d  with  sulphuric 
oxide,  it  is  converted  iiUo  oiuuiouium  sulphauiale.  ^ 


Caibamide,  (v'ON,!!^. — When  ammonia  gas  is  mixed  with  carbon  oxy 
chloride  or  phosgene  gas,  COCIf,  a  white  crystalline  powder  is  formed, 
having  tills  eumpot»itiou  :— 

COil,  -I-  2NII,  =  2IIC1  -I-  CONJI^. 

ThU  compound,  which  is  likewise  furmed  in  other  roavtinns  to  b«  afler^ 
wards  eonsider^i,  i«  di-riv^^d  from  onrlxtnie  acid  CO(On),,  by  substitution 
of  'i  atoms  of  amidogeu  for  2  atoms  of  hydroxyl.  it  diH'era  from  carbamio 
acid  in  Iwing  a  neutral  sabstauoe,  not  containing  any  hydrogen  easily 
replaceable  by  metals. 

Other  bibosie  acids  tikewlfte  yield  an  amlo  acid  and  a  neutral  amide  by 
substitution  of  1  nr  2  atoms  of  anmlogen  for  hydroxyl.  Tribasic  acids 
yield  iu  like  manner  two  audit  acMa  and  one  neutral  amido,  and  tctrsbasio 
aei(ht  may  yield  three  amla  acids  and  4  neutral  amide  ;  thus,  from  pyro- 
phosphurie  acid,  P,0,n,»  r,Oa(UO),,  are  obtained  tho  three  amlo  aeida 
P/),(M1,)H„  P,0^<NH,),H„  and  P,0,(>-H,),!I, 
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c  aritU,  which  contAin  but  om*  ntoiii  <ti  hyAroxyl,  yiAd  Igr  thU 
of  ■nbstttutiuii  onlv   nctitr:il    A]iii«K>s,    no    itmir    acidH :    thai,  frtm 
awlic  aciii.  trjIi^O,  sarjHjO.HO.  in  tit.taiiHHl  awUmiiJr,  (',H/i(MI,). 

Tbo  ruMiirai  Amidtfl  mny  al5o  bo  r<Ta>''l^*<)  u  dfrivi'*!  tj\na  auf  nr  mon 
roolcciU(*»  <>r  nmtuuiiU,  hy  xiitjAtitution  of  iinivali'iiC  nr  multivalfnt  a^'ld 
rulicl««.  lor  hvdn»-^i'n  :    thus,  acuUiUiidf  ^  Nt],(l  jU,<>):  carltatnido,  N,!l^ 

(CO)",  1-U-. 

Uj  iiuiilaj-kuhMtiiattonof  mt-tala,  or  tta*/lf>ufl  r<>mt»oiind  rAillriM,  for  Ili« 
hrdropcD  *4  Amnwnia,  liMio  t'oinpoimd»«  rall<Ml  Kinln4>i,  oro  formed* 
Thas,  whnii  p«.>LnaBiuin  En  gently  b*.*at<i(i  in  Aiiiiitotiia  ||iM,  momipolaM9amm$f 
NH,K,  is  formrfl.  It  in  an  olivf*-)3rrt>4Mi  nnbfitanro,  vrhioh  b  deeompoMd  b/ 
water  into  aauuooiA  and  putamiuiu  lijir<iroxi«l«t ; — 

MI^K  -f  11,0  «  Nil,  +  KUO. 

It  mclU  »l  a  lilU«  IwImw  1<>0,  ftnd,  wht>n  htsated  In  a  cloev  veaselp  la  ro»olv«d 
lato  uanukai*  and  tn/tutafttminf  - — 

Tito  Utter  cfTerrescot  violently  with  wat«r,  yielding  ammonia  and  potaa- 
liiuu  hydroxiilu : —  h 

MC.  4-  311,0  s  MI,  +  3KH0.  | 

Th«  fbnuatlon  iind  propertiM  of  amidet  and  amines  will  be  further  ooo« 
•idrreil  undi-r  Organic  iJUuinistry. 

MetallanunoainiBA. — Tho^M  are  hypothetical   rodlelee  derirod   fWim 

(fuunium,  N,U,,  by  lubalHulion  uf  iii<.>tuU  for  hydrogvn.     8alta  of  each 

icltM  art>  foraifd  in  ttrvcral  way:*.     Anummia  gaa  is  abiorbeil  by  various 

salts  in  diffiTtMU  ]>ro|HirtionB,  forininf^  com|M>un<lB,  sonu*  of  which 

lIw  fbnnutattid  as  suitt)  uf  nivtallaiuiuuiiiuiiui.     Thus,  platinum  dichlo* 

PtCLf  ahaorba   two  laolt'iuh'^   of  ninnionia,   forming;  p/atoiamrnonivm 

rif,H,Pt".Cl^,   and    pUtiiuim    tetrachloride,    I't'M'l^,    absorbs    four 

>lt«ai«4i  "f  ammonia,  forminf;  jUaiittntnmottiitm  rhioriih,  N,lI„Pt'*.C'l(.      In 

\\\iv  nianiKT,  ciijirii*  ehluridu  and  BiUpliatti  furm  the  eldoridm  and  titifjiate  uf 

tftrntHtwrnium.  i\,ll,Cu".a,  and  N',n/*u".SO,, 

SiioiUr  coini>ouDds  ari>  furmod   in  iiiajiy  camv  by  prifcipitatltig  metallic 

salts  with  ammonia  or  ammoniai'nl  salts  :    thun.  ammonia  addinl  to  a  »du- 

m  of  uieri'urio  rhbiride,  MjjCl,,  farms  a  whitw  priH'lpltate,  consisting;  of 

imcrairaiamnatHm  rJitttriflf,  N(ll,llf;",.('1,  ;  AUiI  by  dr)i]>pin|;  Solution  of  nicr* 

eurtc  cblorido  into  n  boiling  M<dnlioii  of  Hal-Ammoniac  mixed  with   fr<>o 

ammonia,    crystals    are    obtnimnl,    coiiMiHtinK    "f    mrrnimmTnotiium   chloridt^ 

iN^M^lIfC^rii.     Somft  of  thesn  compounds  will  be  further  considered  in 

oouneoiiou  with  thu  suvural  uctals. 


LITHIUM. 
Atomie  wcifhr,  T.    Symtral,  lA 

ts  found  In  |H>tAlite.  niMxliimene,  lepidi>Ute,  triphyllino.  and  a 
other  niinrraU,  ami  ^onit^timeD  oocurs  in  minute  quantitieit  in  mintrral 
iriugs.     The  iTingt  ubundunt  soitreu  of  it  yet  discuwrtHl  is  the  mineral 
'r«  of  WlienI  eiiirnrd  in  ('•oruwidl,  in  whioh  it  exists  to  the  auumnt  of 
in  a  miUiou. 


MONAD    METALS. 

Thn  mrtal  is  oUain4><l  \^y  TuBing  par«  lithium  ebloride  in  .a  small  thick 

rir<%'laiii  crucihli),  and  dtwoiiifM»iiig  the  fusod  chlMridw  lj_v  elei?trieil_y.  It 
ft  whit**  tiifUl  liki'  K4)diiiiii,  aiid  wry  oxidiiablo.  Lithium  fusrs  at  10^ 
C.  (35GO  I".) ;  its  giH't'ific  gravitj  is  0.51* :  it  ui,  therefore,  the  lightest 
•olid  known. 

A  litUium  salt  ma^  be  obtatniHl  ^m  petAlite  on  the  anuiU  soale,  bj  tlie 
l<>ll(fw[ng  i>roof«»  :  The  min)>r:ii  is  rt-niuced  to  an  oxf*?edingly  fine  powder, 
mixoil  with  Hvtt  or  ftix  limes  il:t  wcit,'ht  of  pur*>  calcium  carbonate,  and  Ihc 
mlxturo  is  ht'at^nl  to  wliitvufitfl,  in  a  platinum  crurible  placed  within  a 
Wrll-»'uvi»rod  unrlluMi  oiu*,  far  twenl.v  niiuuten  or  half  an  hour.  Thw 
•hruukini  ('ohcrcnt  miiHa  i»  di;;t'9tt'<i  iu  dilute  hydrochloric  acid,  the  whole 
«VftiM>ral(*tt  t(i  dryni-AH,  acLdulat^«l  water  addt*d,  and  tho  Hilica  separated  hy 
A  filler.  Tho  Htiliitlon  in  then  mixed  with  ammonium  rnrlmnato  in  excess, 
Iwiiled,  and  lilleriMl ;  the  rlear  liquid  iti  evaiKiraUMl  to  dr>Ti(."RK,  and  gently 
bt'ttted  In  a  platitium  n-ucihle,  tuex|H.>l  the  sal-ammoniac  ;  and  the  residue 
U  welted  with  oil  uf  vitriol,  gently  evaporated  once  more  todr>*ne8fl,  and 
ludlteil  :   puro  (iiHi*<l  lithium  nulphate  then  rfmnins. 

TlilM  pnM>e«N  will  nerve  lo  Ktvr  a  good  idea  of  the  general  nature  of  the 
operatidii  hr  whluli  ulkalU^a  are  (extracted  in  mineral  anaiysia,  and  their 

q  linn  title*  determlltt'd. 

/.I'Mirim  hyttnitr,  LlllO,  la  much  leM  flolablo  In  water  than  the  bydratce 
iif  iMitaHNluin  ami  HtMlliiin  ;  the  nirbtumte  and  fJtosft/uttr  are  alt«o  Hparlngly 
Hnlul>le  aaltM.  Tho  rhloride  cr^vatallUfS  in  anhydrous  cuU-s  which  are  de- 
liqiiesmint.  iAthium  mutpkalt  is  ■  Tory  beaatiful  salt;  it  cryBtallliea  in 
|«n^*th(<n(Ml  prlNum  ntutalnluh'  one  molecule  of  water.  It  gives  no  double 
lit  wlih  nlitmlnltiiu  Nuliiliali'. 

Tb«'  Htitu  of  lithium  tvb>r  the  outer  ilame  of  the  hlnw-pipe  carmlne'rM. 
'<n  Hpi-i'tral  pheuuiuuiia  exhibited  by  lithinm  oomjKiuuda  are  meutiuncd 
page  ttH, 
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CJDaiUM  AND  RUBIDIUM. 

iNi-iss.  —  Wb-atA 

Tiia  two  metala  di^sl^nated  by  these  namt>s  were  discovered  Vy  Bunaetl 
and  Kirobbotf  by  lueiutH  t)r  llu<ir  jiiHfetrum  appnnituM  mentioned  on  oage 
87:  the  former  In  iHtlO  aritt  the  Intu-r  in  1861.  These  metals,  it  ap^w'^ars, 
are  wiileljkr  dilTuKiM  in  nature,  but  always  oootir  in  very  small  quantitiet^; 
they  bare  Wen  dctoctttl  in  many  niimrral  wati>rs,  as  well  as  in  seme  mine- 
rals, namely,  lithl.vnii-a  »»r  loj.l.hOite,  aii»l  )K't.ilite  ;  lately  also  in  felspar; 
they  havv  al<«n  U>cn  found  in  Ihu  alkaline  tuAkvs  of  beetroot,  The  salt- 
apring  of  iMIrkbeim.  which  contains  0.17  part  of  cipaium  chloride  in  a 
nuUioQ  parts  of  water,  was  till  lately  reganlcvl  as  tlio  richeat  s«>urce  of 
cn<rsiiim  ;  hut  from  n'cent  expenm>'nt«  by  t'nbmel  Yorke,*  it  appears  that 
the  hot  sprinpof  Wlical  riitford,  fllri-ady  mentioned  as  a  source  of  lithium, 
eontaiiis  1.71  parlx  of  eirsium  chloride  in  a  million,  or  \^.\'Z  ^rain  in  a  ga'*, 
Ion.  The  In-st  material  for  tlie  prejutration  of  rnbi<Unm  is  lepidolite,  which 
bns  been  fonnd  to  tv>ntntn  at)  iniicb  fl.s  0.2  per  *-enl.  of  that  metnl.  Itolh 
metals  are  domdy  nitrdo^'OiiM  lo  jMitaxKiutn  in  tlo-ir  dt'jtnrtment,  and  cannot 
bit  distingaishtnl  frottt  that  metnl  or  from  one  another,  either  by  reagents 
or  liefore  the  blow-pipe. 
^  Rabidiura  and  cjvtdtiin,  Hke  potaasinm,  form  double  salts  with  tetrachlo- 
^L  ride  of  pUtiimm,  which  are,  however,  muvh  leas  soluble  than  the  oorre- 
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BILVEK. 


ijMiiultD);  |M>tA««i(jm  ft&lU  :  it  U  on  thU  iiro^**rty  tliat  tit**  M*pftrAt!oii  of  tliiMM 
iDt^Als  froii)  [x)tAii)tiuiu  19  tiAfttM.  Tilt)  uiixtiirv  of  |tlAtiniM!hloriili-«  in  t\*- 
pMji   '  It'll   with   Uiilini;  wnlor,  wIihii  a  tlifficultly  im>Iu^<I«{  residtit*, 

ooa»i-  1y  of  tlir  plftttiHichlorifit«  of  (n^intn  an>i  ruhiiliuui,  rfmahiit, 

Aiul  thir^'-  tw->  iiu*tulri  ai .'  thially  »<'|>Aratt-cl  by  wmvcrtlnj;  them  into  t»r- 
trttt«-a,  riiliidium  tarlruti<  r>-)(iiiring  lor  Hultitjnn  ri^ht  tiiut^  as  uitK>li  wjtt(*r 
M  cMAium  tATlrate,  auil  lht;r«fur«  crji'stallUing  uul  fiml  fruiu  ihu  uuxlhI 
feciatioa. 

Tbv  h^drnxidrs  of  tlntwi  mtrtaU  art*  powirfiil  hasofi,  which  attract  (<Ar- 
\»>mc  a4.-i4l  frum  the  air,  (laaslng,  flrvt  into  nuniial  t-arlKinat>>,  and  then  intti 
mkI  carlMinattf.  Cvsiuui  carUinatv  in  iMtluble  In  al»(ilut«*  alcohol  ;  rul>iill- 
niu  carbrinat**  im  ii>*arly  irwuliiblii  iii  that  litiiiid  :  thiti  |>ni|M>rty  is  nmdi*  umv 
of  lor  tb«'  A^pAraiion  of  thcso  two  luftttlH.  Tht*  chtoridi*  iTy»iallizes  in 
and  tM  ftnmi'what  inorH  »oluhlr  in  water  than  rhUtridi*  uf  jMita^ntiiiii. 
ibi'lium  fhlnriiic.  wh«Mi  in  a  alAto  uf  fu.Hitin,  is  rusily  <li'i*«tui|Kit!it>tt  by 
•loetric  cnrri*nl  ;  tin*  m-dal  i»r(KliiotN|  riBiw  to  th**  surlut-u  and  buinti 
h  a  rmldinh  Ii^bl.  If  thin  exfHTiuit'nt  In*  ]MTfurm*Ml  in  an  alnmspbiTn 
lydro^i'U.  to  i»ri*vrDt  oxIdAtion,  tht*  Kt'itarattnl  nu'tal  in  nevfrthclcAn  bt-it, 
divMjlring  na  it  do**  in  th<*  fuHiMl  chloride,  which  in  tranffforin<<<i  into  a 
■ulichloride  haviu|:  the  hlui^  rolur  of  sntnlt.  ftubidium,  when  Hcparntfd 
at)d^<r  uervury  by  th«  tfte«;trif  curri'nt,  furniH  a  vryatolUnv  niiial^uui  uf 
ailrtry  liizttrp,  which  in  rapidly  uxidix«<(l  by  tho  air,  and  dw!«>in|K>H(<n  WAt<*r 
CmiuiD  chlorido,  undvr  thv  influ4.<ni'f  uf  the  ul**t'trio  cnrnMit, 
tftotly  tlie  aaint- de|K>rlmiMit  ux  rnlddiuni  i-hlnrid<*.  Rubidium  la 
Hire  towanU  ]M>tast)iunt.  C'a*»intn  i»  idtH*.tro-|Miaitlvo  towAnla 
Indinm  and  [Mitaa^lumf  ftwl  tJius  coiutitutos  tho  most  vtcctn>-|KwiUve 
uf  the  eleUMinla. 


I 


GROUP  11. 


SILVER. 

Atomic  weight,  tog.    S/mbol,  Ag  fArirenlDn). 

SrtvxR  i»  found  in  tbi*  nintaMic  alati.-.  iw  pulphidt*.  in  union  wlfh  sulphide 

antimony  and  Hulphidit  .if  ars.tnic,  oltto  a»  obluridi*,  i.HHd-,  and  ItruinT-lc. 

[^uiuu>;  the  prinripHl  «IIv.t   niini*ti   may  bt»  nn'>ntionc«]   thn*.-  of  tb.*    Ilartx 

tnmunUiinj*  in  lloruiany.  of  Kon^ptU^r^  in  Norway,  and,  nmre  particularly. 

,of  tho  And««.  in  Uitli  North  And  South  Ann^rii^a! 

Thr  »:r(*at*-r  part  of  Ihr  silTcr  of  iMmnnprrc^  ic  «xtrAct(»d  from  ores  so  jKXtr 
AM  i«»  rmidur  any  prooi*»»  of  tmnlting  or  fusion  Inapplirnblf,  tuvcn  whrr<*  fuel 
OiuUd  1m»  obtained,  and  ihifc  id  often  difficult  to  be  pnx-nrwl.  KccuuniH, 
tluTf-'foro,  IB  luul  to  annttu^r  nn'thiul — that  of  ama/i/nmn/mn — founded  <tn  the 

I  easy  wdubility  of  nilv.'r  and  many  othrr  ra.Mal«  in  metallic  mercury. 
TliK  amal^'aniation  prrH^ws  adopt*^  in  fitfrinany — which  differs  s<>mewl»at 
from  that  in  u.sl-  iu  America — in  as  follows:  The  un?  18  crushed   to  jMiwder, 
IIuxikI  with  n  ijuantity  of  c<vuiuion  salt,  and  roAAtetl  at  a  Inw  rwl  heat  in  a 
i 


[AuitAble  furna.^-,  by  which  Iruatment  any  sulphide  of  silver  it  may  con- 
ftain  in  c»mverlt*d  into  chloride.  The  mixture  of  earthy  mattt-r,  oxid«  of 
Iron  and  copper,  tiuluble  salts,  silver  c^hloride,  and  melallte  silver,  ia  sifted 
Rnd  put  into  large  Itarrt-U  made  to  rwolve  on  axt-a,  with  a  quantity  of 
water  and  wcrapH  of  iron,  and  the  whole  is  atLritated  together  for  flonie  time, 
during  which  the  iron  ruducts  the  silver  chloride  to  the  Btato  of  metal.    A 


^^  durin 
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ctt*rlnln  projmrtion  nf  tii*«rcury  ia  Ui«'n  inlrodnc*«<l,  and  Ihn  apitntion  ro- 

C'-iIihI  ;  |)it<  iiii'ri'iiry  fliH^l)lv')•M  nut  tlin  ftilviT,  logiMhiT  wilh  g<'l<i,  if  llii«r« 
'  Any.  alsu  mi'tiiltii!  oi>p|H>r.  and  ntlu-r  su)tstntUM>&,  forming  a  lluid  aiual- 
yaiu  ttnAlly  Hiiiraint'lA*  from  the  thin  mud  nf  viirthy  maltur  by  sulwidont-*' 
niid  muthiiifr.  'Vlin*  Ainnl^'Aiii  in  .ttrnhu'd  lltrou^h  a  AtniUf:  linen  i-loth,  nud 
(he  Milld  |HirtJi)it  expogoil  to  heat  in  a  kind  of  ri;tort,  hvM'liich  the  remain- 
ingi  int<r(!ury  is  ditttiUed  olT,  aud  thv  silver  left  Itehiiid  in  an  impure  tttate. 

(*on!ilderahh_<  Urtm  oflitn  occurs  in  lh«  amalgamation  process  from  thu 
votnhiiialiuii  of  a  portion  of  the  mercury  with  sulphur,  oxygen,  ete., 
tther*d»y  It  ia  bnnight  into  n  pelveruliMit  uontUtion,  kuonrn  as  "  flouring,'* 
and  U  then  lialdu  to  be  uaifhed  nwny,  together  with  tlie  wilver  it  haa  talteii 
up.  This  i»i'oiiveni"'noc  may  \h*  prevented,  as  rtuggt'stiii  by  Mr.  <'rooke*«, 
Ity  amalgamulin^  the  menniry  with  1  or  2  per  cent,  of  smlium,  which,  by 
ItA  Mupi-rlor  affinity  for  tiulphur  aud  oxygen,  prevents  the  mercury  from 
hi'i'iiming  Moored. 

A  I'ttnrtiderahle  quantity  of  fiilrer  \n  nhtainod  from  argentiferous  galena ; 
in  faol,  almusi  every  fciwciuien  of  native  b-ad  shtphide  is  found  to  contain 
li-aet'tt  of  tltis  metal.  When  the  proixirtion  riik^  to  a  certain  amount,  it 
iHu'HUieii  worlli  extracting.  The  ore  its  redue4Kl  in  the  usual  manner,  the 
whob-  of  tht*  silver  remaining  with  the  lead  ;  the  latter  is  then  re-m»'Ued 
fii  n  Inrge  vt>;tsi'l,  and  allowed  to  cjol  slowly  until  aoliditicatlon  commences. 
The  |M>rlion  whieh  first  crystalliaea  is  nearly  pure  leaii,  tlie  alloy  with 
allver  Ih-ing  more  fusible  than  leud  itsrij ;  by  particular  manngemeul  this  is 
ili'ained  away,  aud  iti  found  to  ouutain  nearly  the  whole  uf  the  silver. 
[I'attinHon's  process.]  Tliift  rich  nmM  i«  next  exposed  to  a  hhI  heat  on 
like  Hhallow  hearth  of  a  furnaw,  while  a  stream  uf  uir  is.  allowed  to  im- 
pinge U[KJD  its  surface;  oxidation  takes  place  with  great  rapiility,  the 
fu»>v|  oxide  or  litharge  Iwing  constantly  swept  from  the  metal  by  the  blast. 
When  tlie  greater  i>art  of  the  lead  has  been  thus  removed,  the  residue  is 
trans r(*rr4^><l  to  a  cnpel  or  shallow  ditih  made  of  iKine-atihei},  and  again 
lu'Hlorl  ;  the  Inst  [MU'tiou  of  the  lead  \*  nuw  ttxidi/od,  and  the  oxide  sinks 
in  a  milted  state  into  the  pomus  vessel,  while  the  silver,  almutit  uhemi- 
cally  pure,  and  exhibiting  a  brilliant  Kurface,  renmins  Udiind. 

I'lire  silver  may  he  easily  obtained.  The  metal  is  disHolved  in  nitric 
arid  ;  if  it  cimtains  cop[H'r,  the  solution  will  have  a  blue  tint  ;  gold  will 
roiniiin  undissolved  as  a  black  powder.  The  solution  is  mixed  with  hydro- 
rhloriu  Aoid,  or  with  i.'ommon  italt,  and  the  white,  iiutohible,  curdy  preeipi- 
tati)  of  silver  chlorlile  is  washed  and  drie<l.  This  is  then  mixed  with  almut 
twicn  ItR  weight  of  anhydrtms  siMlium  rarl»t>nat<',  an<l  the  mixture,  plnctnl 
ill  an  earthen  erneibb>,  is  gradudlly  rai.4*-d  tn  a  temjR>rature  approar-htiig 
whileuiMfl,  during  which  the  sodium  Larbonate  and  the  silver  chloride 
pi'»iit  U)K>n  fAirb  i»ther  ;  carlKm  dioxiile  and  oxygen  escape,  while  raelalUo 
allver  ami  sodium  cbloridi*  result:  the  former  nii'ltn  into  a  button  at  the 
Imttotn  of  the  crueible,  and  U  easily  detacbeil.  The  following  is  perhaps 
the  utoiit  simple  nifthtxl  for  the  ri>ilurttim  of  the  silver  rtiloride.  The 
Hltver  Halt  In  c.xivered  with  water,  to  which  a  few  drops  of  sulphuric  neiil 
Art<  addinl  ;  a  plate  of  zinc  is  tluMi  intnwluc4><l.  The  silver  chloride  soon 
lM<ginii  to  doc«tmi>ose,  and  is,  after  a  short  time,  cntindy  converted  into 
nietallle  Kllver  ;  the  silver  thus  obtaln<Hi  tf  gray  and  spongy;  it  ia  olti- 
mately  purirlfd  by  waahing  with  slightly  nridiilated  water, 

Ture  silver  has  a  perfect  while  color  and  a  high  degree  of  lusln* :  it  is 
i*xue<Mllngly  malleable  and  dueiile,  and  is  pnjbably  the  best  conductor 
txtlh  of  brat  and  eleetricity  known.  Its  spt-eiflc  gravity  is  10..^.  In  hanl- 
nesN,  It  lictf  Mtwoen  gold  and  oop^KT.  It  melts  at  a  bright  red  heat.  Silver 
is  iinAlteraUe  by  air  and  mnisture  ;  it  refusw  to  oxidize  at  any  t<*n*pora- 
lure,  but  p<iaa«4Sea  the  extraonlinary  faeulty  already  noticed  of  alworbing 
luany  tlmee  its  volume  of  oxygou  when  strvngly  heated  in  an  atmnspliui 


•ILtftB, 


air.    Thm  oxrcvo  ii  «nln  tllni'nxiiffvtl  m  lliv 

<rf   MMMMB    or    I'MI! 

hj  l^fdraeklor  ..kl  uf  vMrlul  vimI*   || 

rr^rfBlhioffi.  Mltrli'  iiitil.  cvt'U  illliilr, 

it4am  tohjdrogvD  ftalpUltlo,  th*>  woUt  ImvlitK  m  •Iritiii 


>^Tw«  of  t>Mn  flompoonMii  Am  Itmnvn,  nmUliiliii 
i  Moowctf  ailrrr  to  I  Atoui  of  uliluriun  i  iU»  nvKHtM, 

ikUx  tinil»w<  wbian  a  aoluMu  hiItit  tgiU  aihI  k  frtluhli-  iitlMililfi  urn 
■iaad«  U  l»ito  J«  A  vkitB,  ctinl.v  ur(«tJ|>itAti<.  iinlif*  imutliilito  (ii  wttli«r 
«bJ  ttttH«  aotf  ;  vmr  tiwl  »r  silrrr  rhlurldn  UihiIiiIiIm  In  U<Mi  imrtanr  liyilm 
dikrlc  MMwbMi  coocr  lit  rated,  uiil  in  ftlMitit  iMHi  ynty  w  Im*m  <tttMl<-<|  hIMi 
4««tA«  in  «t%til  of  Vftt^r.  Wlii'ii  h*<nti<«l  It  iu*-lt4,  niiil  mii  iHM(Mii)f  tM'tHiiiHl 
A  (n^h  cryvUllmr  id3w>,  whii'h  ciitu  likn  Imrii :   It  U  fiiuiiil  mhIIvp  III 

tk)»    wlilrini,    CDOViitotil)^    tin-    ktjrn-»tlvrr  nf    ill**    liiln><riltii||lNl.        Hllvrr 

dil<«i«W  te  40CBaipCMd  br  li^ht,  IkiDi  lit  ihf  ilrv  niut  In  tlm  Mid  hIhIi',  iri<rjr 
ibvly  if  |i«f«v  and  quickly  if  nrxanic  nuilliT  Ih'  itrtrml  ••  •"  <  i^nd 
•fa»vkMl  |Mt  tniA  wiktc>r  with  utrtnllic    t\uv  it  lion,     li     i  >ih 

p— I  — ■  in  immrrTiin  ind  in  w  n  fnti  n  -  f  |    tum  nun  i  j uti'  '  <*!• 

tk*  |Mipafftk»i  of  cblDrin«>  or  hydrmdilKru'  noid  In  h  i<iiin|MiiMid  U  iil»Nya 
by^  previiiitatiuii  with  nllvKr  ■nliilliMi.     Tlio  hi|iil>l  !■  Ht'ldiilitlitd 
Lrii!  mriA,  and  an  exci>u  of  iillv(«r   iillrnti*  fuldixl  i  llio  oMtirliiM  \% 
OM  a  fiitf*r,  pr  bt>tti.<r,  Inr  piilatlilnnro,  wnolit'd.  drliil,  mid  riimid  | 
t  oorrt^pond  tn  34.7  of  rhinrino,  <ir  'ifi.4:i  nf  ItydiiH'lititrlr  nrld, 
y«M/uH«    f'A/ortr/e,   A(r/l„  In  «»ltliilni'd  liy  irculInK  llm  t'iiMi>H|Mi»>l< 
oawif  «itb   liy'lnM'liluri*'  Arid  <>r  li^v  irr*-i-l)>itiillii|{   »ii  urMttiiUtliH  kult^ 
Atr»t«i  U*t  vxix\u\>\v — with  lyiuiitMiii  nail,      ll  Im  imkII^  iiwilvml  b^  ItVAl 
h^  AmBkouiA  inii/  argiMiliu  ulijuridv  itnd  iiii>tHllli<  Nllvitr. 


eflTer  nnoride,  ArV.  It  prodnw*!  by  dUwdvlnn  ArnMiiIlM  M»ld«  "r 
iti  »mnH>ns  bvdrr.nuiirlfl  acid,  nnd  •njinrAliii  nn  nrniifirfiltnii   lit 
■  .iiiA.lrftlic  iwtoh.Hlnmf.  wlil'-b  .Hml/iln    A|tH.II/»,  mid  »*lvi«  t.lf 
wnN-r  when  fnstHl.     Tbrir  unlntinn  jrlv.-*.  with  hytlri«-hl"r|..  n.-ld,  a 
lat»?  of  ■rticnlir  chlnridr.      Wlifii  .l.h.rlno  ^m  In  i.aiiiiimI  (uri-r  hlAud 
Inorid.-   BilTcr  cblnriibf  b  furnitwl  nnd  rtui.nmi  In  nut  fnw  (|..  |Htt), 


SUver  Iodide,  Agl,  It  a  palt^-r^H^w  Inwlnbln  pwohdlaUs  |»HNtii.!«|  by 
Idins  si!T.T  nitrate  to  jiolaHHluin  bNildi.  .  It  in  Innolnbh..  or  nnnrly  •<•.  lu 
nnd   in   Ibia   r.*HiM-rl  forni;*   Ati  .'Xifpli"!!   to  thn   nIIvit-hhIIh   In 
Deville  has  oblftlnt'tl  ft  i-rvitlnllin"  "Hv'r  (."lid."  hy  llm  a*'tinn  »( 


ddins 
Ituuonta. 

'"^ntrnlii  hydriodir  acid  uih.u  nudnlllo  Alln-r,  wliluh   It  disAMlvc-  with 
•ngagenwnt  of  hydrocmu     llvdrimH.!  a.dd  tHinvorl*  nilvi-r  rhloriiU  Into 
Tbe  hnmide  of  aIWot  v«ry  clowtly  rwmmbkA  Ihv  ohlorido. 


•  The  *iil«tencr  of  Iwo  •llvi 
Itsli  lh«t  lio'li  •lltpr  j^m)  cM 


V  -  la  utterly  Incomimnhlc  with  the  tiypo* 

■  iiftil  firm*-!!!*.     Thr  r«mi|»o*llW'n  «l  tl»o 

the  formuU  "^"'^i'  .  In  which  chlorine  |d.yt  the  pAtl  of  a  triad. 
Ai/3l 
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BUver  Oxidos.— There  we  Ihreo  oxides  of  tilrer,  only  one  of  whioh 
(«aii.  Iiowovur,  Ih*  rc'ija^iea  as  m  welWefinwl  compound,  nniiiely  :— 

TUo  J/<i»ori</e,  or  Ar^eHtic  Oxides  Ak,0.— This  oxidf  ia  a  power- 
fill  bMfl,  yielding  B»lU  Isomorphous  with  ihtwe  of  the  aikali-mutala.  It 
Jtt  DltUhii-a  as  a  iinU^lirnwn  pri^ipitaUf  ou  addiug  caiutiv  puUab  to  a  soltt- 
tiuu  of  mlver  uitratw  : — 

2.\gN0,  +  2KU0  a  Ag,0  +  :iK>'0,  +  OH,.  ■ 

It  if)  Tory  soltiMfl  in  animonU,  and  is  Uianolved  sIho  to  a  smaU  <?xlent  by 
jtiiro  wnter;  the  wlulioa  in  ulkiiliuo.  KtHjeiitly  j.rticipitati-d  silver  uhlo- 
ridp,  lioilod  with  a  Bolution  of  caustic  pola«U  of  tspecilJc  gravil/  1/^5,  in 
oonvtirttMl,  accTording  to  liregory,  allliough  with  difficulty,  into  argentic 
oxide,  whioh  in  this  cas«  ia  blaek  an<i  very  dtuao.  Apguntie  oxide  ueu- 
traliJKi*  ai  i.ls  LNHnpU-Lly,  and  f.>riu8,  for  the  moat  part,  coIurl«is  aults.  It 
ia  detomiMwod  l»y  a  retl  heat,  with  cvulutiou  of  oxygen,  spongy  uiituUio 
silver  being  left:  the  sun's  rays  aUo  ttlTuot  ita  decouipo^iliuu  to  a  siuaU 
oxtent. 

Argtntou*  Oride,  AgjO." — When  dry  argentic  citrnt*-  ia  healed  to 
UMP  C-  (2120  F.)  in  a  stream  of  hydrogm  Kas,  it  loses  oxygen  and  becomes 
dark-bn>wn.  Tho  product,  dissolved  in  water.  givi«  a  dark-colored  solu- 
tion Guntaiuiug  free  citric  acid  and  argentous  oitratv,  which  when  mixt^d 
with  pi)lAsh  yields  a  preoi]>ilato  of  argentuus  oxide.  This  oxide  ii  a  blaok 
powder,  vviry  ea>«ily  decouipose<l,  &nd  fjoluble  in  ammonia.  The  solution 
of  argeulous  citrttto  ia  reiidere*!  colorless  by  heat,  being  rcbulved  ial 
miyeutic  citrate  and  motallio  silver. 

AgO 

Silver  Dioxide,  Ag^O,  ^^  |  . — This  is  a  blackorystalline  substani 
Ago 
which  forms  npon  tlio  positive  electrode  of  a  voUnic  arrangement  employed 
to  decompose  a  solution  of  silver  nitrate.  It  ia  n^dueed  by  Ut^t  ;  evolve* 
chlorine  when  acted  ujion  by  hydrochloric  acid  ;  exphhles  when  mixed 
with  phosphorutt  anil  titruck  ;  and  dije4ttnp<^>He!i  ftoUiliou  of  ammonia,  with 
great  energy  and  r»i)i<i  diaeugagtiuieut  of  nitrogen  gas. 

Oxysalta  of  Silver.— The  nilrate,  AgNO,,  Is  prppared  by  dlssoWlng 

silver  in  nitric  acid,  And  evaporating  the  solution  to  dryncHS,  or  until  it  ia 
strong  enongh  to  crystallize  on  cooling.  The  crysuls  are  colorlcas,  tran.s- 
parent,  anhyilrous  tabhTS,  auluble  iu  an  eqnal  weight  nf  cold  and  in  half  that 
quantity  nf  iKiiltng  wat*'r  :  they  also  di.>t.<i>lve  in  alcohol.  Tlir-y  fn^te  wlit-n 
heatad,  like  tho^e  of  nitre,  and  at  a  hi;:h  t'-mperaturn  suffer  deconipo^ti- 
tion  :  the  lunar  caustic  of  the  surgeon  is  silver  nitrate  which  has  biwn  uu-lted 
and  poured  into  a  cyliudrioai  mould.  The  salt  black^na  when  exposed  to 
light,  more  particularly  if  organic  matters  of  any  kiml  are  pnwent,  and  is 
(re<iiienlly  employed  to  communicate  a  dark  stain  to  the  hair;  it  enters 
into  tho  oomposilion  of  the  *' inddliblo"  ink  use*!  for  murkini;  linen.  The 
black  stain  has  been  thought  to  be  melullic  silver;  it  may  p«etsibly  be 
argentons  oxide.  Pure  silver  nitratn  may  lie  prepared  from  the  nieial 
alloyed  with  coppi*r:  the  alloy  is  dissolved  in  nitric  acid,  the  solatjon 
eraporated  to  drynt^ss,  and  the  mixed  nitrate)^  cautionaly  heat<?d  to  fusion, 
A  iiiulU  portion  of  tho  melted  matts  ia  removed  from  lime  to  time  for  exam- 
ination :  it  is  dissolved  in  water,  filtered,  and  ammonia  added  to  it  in  ex* 
oeSA.     Whilo  any  oopper-aalt  remains  uniiccom|MMLMl,  the  liquid  will 
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*  AMumlBtr  thftl  thlB  forniulA  li  eorreet,  and  thst  iltrtr  1i  a  oioaad,  then  nxytt 
must  t*c  A  tetrad  ;  If,  huwirrrr,  illvrr  twregarOrd  m  mlytil  Drlrliul,nn[rbluuaojiiUfl 
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Haw,  Vat  v1m«  tikfti  An  lAngrr  hft|P|>«*M»,  thr  nitrnti*  iiuy  b««  «ialfnr«<d  |«  oiivl, 

ubH  mfTtslli*^  #il«f-rt  «*r  l>v  jtrrri)MtittiiiK  ■  <«*n*>r<titrat«<*l  wlntluii  of  ■tlvKr 
II  ?>»  jmrltt  u(  lM*ilinf(  WAti«r, 

ft;  '    fnriM  uti  c<M>liii^,  Lwlng 

ttfUnHAa  aoMpMUMl  wbiolilsfrwly  auJublff  in  wutor,  oootaiun  «Ml,.A)(|n*'|t 

.tilf  '>.'<]Ef#,  or  Uitkiomitf,  Ag,K|U^,  in  «  Mthihlf*  frjmtAlliiJiiUk-  ii«U, 

ppti&ai  '••'  Air.     The /AK*ftt//</4tirtf,  Ag^,o,,  u  iuboLuUl*,  wliitc,  HUii 

l'ju«  Ui  4i«><iiiiip<i«itii*ii :  il  uuuliiiivfl  wall  tin;  nlkulitit)  ihitjuuljilmli*, 

:    M>lubl«   C4iiitiM>uii<Jtl  disliliguiHliiKl    l>>   Atl   iliLfiiHuly   tiwi^<l   IabIm. 

^  l>alt«  iluaulvo  buth  uxi>tv  ami  LJilundt*  i>l  Rllvttr,  itiiil 

1^,  ail  oxiiU-  or  cltloiiiio  uf  thr  ulkutliio  iiM'laJ   Ih<iii){ 

M.^4  :  lieiiw  tliv  Ubour  aUcttloiv  lUluAutpliatv*  In  UnUig 

i  '  in  A  Nliitc  itisolublt*  ftubiituioe  oblainM  hy  w\%U\^  M»lit> 
of  HiWrr  uitniU  uid  nodiuiu  imrbuniitti.     It  U  bUukoUwl  luui  U^hiuui- 
b/  builuiji. 


Silver  StUpbido,  Ag^,  U  a  soft,  graj,  and  Hominrhat  malloalili*  nuU- 
i<l   iiAttvu  in  tho  cr,Vfttflllu<Hj  ntato,  and  itjuil^  |»iim1ui>i'«1    by 
-tluT  its  cvitiatitutiiiLti,  nr   by  pniipjliitiiiK  a  iMiliitiiih  tif  Nllvur 
<)gvo  salphiilv.     It  la  a  tttroiig  Hiittihttr-buAo,  and  tM)nililiH>«  wUh 

lf«  of  AIlliUlliQy  aild  Anii^lUi:  :    4'XJllti|W«'i4  of  flUrll  ihjIU|jiiUUiIr   itl'U 

iho  beautiful  minernli*^  durk  and  Ifj/n-red  *itver  «r«. 

AnitaoDia  Compoond  of  Silver;  Ihrthtflei' §  Fmlmiftoiimf  Silvfr.'^ 
a  black,  ex|iliK4ive  (i«ini]xMin(l,  roriiuni  by  <l))(nillii){  prm^tiillAtiHl 
oxide  ill  auituoaia,  Whilo  moint,  it  *tx|i)iMb*H  >*iil.v  wIh'M  rubbml 
X  bard  liotly,  but  when  dry  th<i  touch  of  a  foathtr  in  niilDolttiii.  Tbn 
'iiiA  rctaiiirt  t»»tpH  of  thiti  HutiutaiHHt  In  Bolutlon,  and  di'iKwIlN  It  In 
ill  cryi'lAlA  bjr  npnntantHiuii  ev»|Kiruti<m.  A  NliiuUr  iN>uip(iiiitd  uaiaU 
itajuiog  oxidu  uf  gold. 


'8ftlnhlt>  silFflr  9.n\Xn  aro  ptTforlly  oTiarArtrrlzfd  >»y  Uio  wblto  mrtly  prn- 

>tlAt>*  (tf  tiilrtT  rhlnridr,  (Inrk^nin;;  by  rxpfMiin^  to  llKbt,niiil  innnhibbi  In 

nltrlo  aci'lt  which  in  pr«>duo<Ml  by  Ibi*  ndditiun  nf  nn,v  Mohilib*  i/iftiriifr, 

■I   and   mt*nMiry  aro  tlie  only   ni«'tA[.<«   wlttrh   run   Im*  oDnfunnHKil   with 

in  ihift  r4'fl|M*ct ;  bnt  lead  nhhtrtdt*  in  iinlnbbi  to  a  frri«at  i*xti*nl  In 

ilin^  wnt»»r,  and   is  drposilpd  in  brilliant  nrlcnlar  orvntalu  wlion  Ihi* 

lulion  «w>l9  ;  and  miTcnronfl  chloride  ia  instantly  blarkonod  by  amnMiiiia, 

silver  chloride  is  dittflolred  Ihendiy. 

lutions   of  pIIvit   arn   n'diip»»d   to   Hit.   rnotnllio  ntfifc  by  iron,  ntpjurr^ 

rry,  anvl  ot)i«'r  nivfiils.     Tbfy  f(ivfi  witli  hffdmtjm  jnitfJuih  n  blnrk  |ir«v 

of  Arg«'ntir   KiilpliidM   inmdiiblu    In    anunoniuin   Hnl)i)nili<;    with 

tic  aJl'iiiety  A   brown   jireiTipitnte  of  ar|;cntio  uxidi' ;   anil   with  nlkniintf 

frji,  a  whitf  preHplioto   of  argxntti:   carlM^nalr*,    iM.th   jtriTiplUb« 

easily   Knhiblo   in    ammonia.      Ordinary   wr/iMm  phnnfthate   formM   a 

precipitate    of   arj^entic    nrtliophiMphat*.* ;    futUninium    cfnoHuitt    or 

re,  a  ntd-brown  prodpiUie  of  argentic  oliromatt!. 


itate 


le  economical  usos  of  sllvpr  aro  many:  it  !«  admirably  adapted  for 
ry  ami  other  tiiniibir  purfH><t4^')t,  not  In-inf;  ri(t:u*ki>d  In  ibe  Rltubtettt 
by  anv  of  the  subsitanct.^  uaud  for  fooil.     It  ia  netivsaary,  however. 
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in  thottfi  cnai'fl,  to  diminish  the  Hoftness  of  the  metal  by  a  Rmall  addition 
uf  uoptwr.  The  Blamturd  silver  of  Kiij^Und  containu  i22  jmrU)  of  silver 
aud  ity  parts  of  copper. 


aOLD. 

Atomic  weight,  107.    Symbol,  Au  (Aurun). 

f5ftU),  in  sronll  quantities,  in  a  very  widely  diffused  uietal  ;  traccB* 
nn*  uin^tuatly  tuuitd  iit  th^'  iron  pyriten  of  Lhi'  luurt-  ;L]ii:J(!itL  rr>cks.  It  is 
nIu:i;-»  lut't  witli  iu  the  uieLnllie  state,  Koinotimi^s  iM-aulifiiHy  cry.stnllixed 
111  Ihf  cubic  form,  aiW<Miati-il  wilh  ijiinrtK,  iron  oxide,  niinl  rillier  »ul>sliuu't'» 
ill  regular  iiiiiierul  vi*iii.-*.  Tli*'  biLiiil;s  <»f  vari  us  river:*  hnw  hifij;  furiii.sht-it 
gold  ilerivtwi  fnim  this  Bi»iirui%  mud  Htfpnrable  by  a  siniplv  pniet'ss  of  worth- 
ing;  Hiieh  ia  \\m  ^tiid-diLit  of  couiiiiiTre.  When  a  veiimton«  is  wrought  for 
gold,  it  iu  stamped  to  powder,  and  ghaken  in  a  suitable  apparatus  with 
wati^r  and  nicnury;  an  ani.ilj^'iim  is  Uiuh  fnrme<l,  which  in  afterwards 
separated  from  the  mixlun'  and  deonniiMw.ii  by  distillAtion.  Formerly, 
tht?  eJii^'f  Mupjdy  uf  gold  was  oblnined  frniu  the  niinett  of  Draxil,  Hungary, 
and  the  l-ral  MountainH  ;  hut  California  and  i\u!itraIio  now  yield  by  f.tr 
the  larg<*Kt  quantity.  The  new  gold-lield  of  British  Columbia  i«  also  very 
productive. 

>'utiv<>  gold  is  almntit  always  alloyed  with  silver.  Tbf  purest  speel- 
nicna  have  been  obtained  from  Scbabrowski,  near  KathnrinriilMirg,  iu  the 
Ural.  A  t^|K'i'in]«n  analyzed  by  Ont-tav  Ho8e  waa  found  to  euntain  98.96 
per  tt'Dl.  of  gold.  The  rnlifortiian  gold  averagrj*  from  87.5  to  68./i  jht 
cent.,  and  tlie  Autitralian  from  tHi  to  9»).(>  p«'r  oent.  In  some  Bpeeinifna 
of  native  gnbl,  :ih  in  lb:il  fruiu  Linnrrtwski  in  the  Altai  Muiiiitain^,  tlie 
|iere4Milage  of  gold  is  as  low  as  iJO  jkt  cent.,  the  remain<ler  Innng  silver. 

Pure  gi>ld  la  obtained  from  itti  nlloyti  by  solution  in  uitromurJatie  aeid, 
and  pn^ripitateti  with  a  fi>rronfl  salt,  which  reduces  the  gold,  and  is  it«eU 
oonvei'ted  into  a  ferrie  Halt,  than  : — 

CKeSO,  4-  2AuCl,  =  2Fe,(S0,),  +  y^^\  +  Au,  . 

The  gold  falls  as  a  brnwn  powder,  which  aoquirea  the  metallic  luatrc  by 
friction. 

fiold  in  a  soft  metal,  baring  a  beautiful  yflb»w  color.  It  anrpasses  alt 
other  metalK  in  malleability,  the  thiunent  gold  leaf  not  exceeding,  it  ia 
aaid.  ^,j^  of  an  ineh  in  thiekn<»8,  while  the  gilding  on  the  silver  wire 
used  in  the  mannfaetnreof  </n///-/(irf  is  Rtill  thinner.  It  may  also  btt  drawn 
into  very  line  wire.  fJnld  haw  a  density  of  19.5  :  it  melts*  at  a  temperature 
a  little 'alwve  the  fuslnif  point  of  silver.  Neither  air  nor  water  afleits  it 
in  the  least  at  any  temperature  ;  the  ordinary  acids  fall  to  attack  it  singly. 
A  mixture  of  nitric  and  hydn^hlnrio  acid  dissolves  gold,  however,  with 
ease,  the  active  ayent  Ixdng  the  lilxTated  chlorine. 

<b.ld  fikrms  two  series  of  compounds  :  tht'  aureus  compounds,  iu 
which  it  is  univalent,  as  Au(-l,  Au/>.  etc..  and  the  auric  compounds, 
in  which  it  ia  trivalunt,  as  AuCl,,  AtL,0|,  et«. 

Chlorides. — The  mfmnthlorittr,  or  Anrom  chloride^  AuCl,  is  pnxlutwl  when 
the  tri(hl<M-ide  is  I'vaiHjrated  to  dryne!»s,  and  exposed  to  a  heat  of  227^  C. 
(■Mit.t,""  K.)  until  chlorine  reA.ies  to  he  pxhaled.  It  forms  a  yellowlsh- 
whit*"  mat^s.  hisohibln  in  writer.  In  contact  with  that  liquid  it  is  decom- 
posed slowly  in  the  cold,  and  rapidly  by  the  aid  of  beat,  into  metallic  gold 
&ud  trichloride. 


GOLD 


TIic  IrifhUrutr^  or  Annr  rhhrmUj  AiiCI,,  U  ili<»  most  important  Cfiin|K)Ulnl 

oi  ^old  :  It  in  jilwayH  priMluced  wh<!Q  gold  U  dintMtlvtNl  in  uitro*tuuriaUc 

at-iil.     The  d*^rp  yoUow  Bolution  thiw  ubtaincnl  yit'Ms,  by  (?ra]N>ration. 

Tfllnw  rrvMtiilM  of  the  douhlri-hlorldo  of  gold  and  liydroj^rn  ;  when  this  ia 

'  lt*<At«^l,  hjrdrn«lilnrlc  acid  in  cxiudled,  and  the  rc^iduo,  on  cooU 

••*  to  a  T*-'d  I'pyHtalliiie  mass  of  auric  I'lilonde,  very  doliqut^c-i'Ht, 

^iiui  s.Nu.rl.'  in  wnttT,  aii-ohul,  ami  i-tlii-r.     Aurit-  chloride  nim!iim*»  with 

a  uumb«<r  itf  nirtnlHe  chluHiUft.  forming'  a  f>irh*ei  of  douhlf  f^altfl,  enlhiL 

fli  loron  u  ra  tt*»,  ol  which  llic  ):cncrul  formula  in  thv  aiiliydnmt*  stJitn  ia 

irj.AuClj,  M  rrpfrticnting  an  atom  of  a  monad  mKal.     Thra**  mmjioundH 

mostly  y»dlow  when  in  cr/fttals,  and  red  when  dcprir«l  of  water.    The 

vmoMiwrn  mU,  NU^t'I.Aunj.ll/>,  crystal lixea  in  transpartint  ne«lh»s  ;   tliw 

ium  flail.  NaCl.Ann,.2l<,0,  in  Kuif^  four-sided  prisniA.     Auric  chloride 

likewiae  forms  cryatallim?  double  salu.  with  tho  hydrochtoridefl  of  man/ 

or};anit  ha«i«. 

A  rolxtun*  of  auric  chloride  witli  citreBS  of  add  potassium  or  sodium 
irUiiiaitf  is  uiuhI  for  ^ildiny;  sinnll  urnnmentiil  artichffl  of  eo|>pi5r  :  these 
eleant'd  by  dilute  nitric  acid,  and  then  boiled  in  the  mixture  for  nome 
iitus  bjr  wUicli  qumus  thvy  acquire  «  tUiD  but  perfect  ooatiug  of  rvdaced 


Oxides. — The  monoxide^  or  AttrouM  oxide,  Is  prodaoed  when  caastlo  pot- 
fUth  in  itolutiou  U  poured  upon  the  monochlorido.  It  i»  a  green  powder, 
[parti/  ^olublu  in  the  alknline  lUjuid  ;  the  tuttutiun  nipidly  dccomjHMen 
[fuiu  metallic  gold,  which  bulmidurt,  and  auriu  uxide,  wliich  remains  diiH 
toWcd. 

TViOLrif/c,  or  Aurtc  onde^  AujO,. — When  magnesia  is  atlded  to  auric  ohIo- 
irMe,  and  lliu  sparingly  soluble  aurutu  of  uuigioiiiuui  well  washed  sud 
tdigmted  with  nitric  acid,  aurio  oxide  is  left  an  an  insoluble  reddish-yellow 
Itewder,  whiuh,  when  dry,  iKiComes  uhestnut-brown.  U  is  easily  nnlucetl 
thy  heat,  and  by  mere  exposure  to  lij^lit;  it  is  insoluble  in  oxygen-aciils, 
birit)i  the  exception  of  Htrttng  nitric  arid,  lnt<ulnble  in  hydrollunric  acid, 
[wuily  dUMolve<l  by  hydrochloric  and  hydrobromic  aciiU.  Alkalies  disHolve 
freely;  indi"«-il,  the  acid  propertied  of  thisi  sulwtance  are  vi-iy  strongly 
iBlarkea;  it  partially  deoomjioees  a  solution  of  }>otas6iuin  chloride  when 
>ile*l  with  that  liquid,  potafttduni  hydroxide  being  produced.  \Vhen 
it«Ml  with  nmmonia,  it  yields  fulminating  gold,  consiating,  aooordin|{  to 
rrxelius,  of  Aug(»j.4Ml,.H,0. 

Theeum[Niuii(U  ol  auric  oxide  with  alknlit^  are  called   a  urates.     The 
'ipot/tsiuun*-iutft,   KiO.AUjOj.GHjO  or  KAuO,.3Il,(>,  is  a  eryslulltno  salt,  the 
fftulution  uf  which  is  mmie times  u»*d  aa  a  hath  for  eltictro-f^itdiug.     A  com- 
pound nt  auriLte  and  nciil  Hulphiteof  iKita.ssium,  or  fHUuxsium  ittirovulfihilf^ 
z(KAu<>,.4KII.S0^.U,0,  ia   deposited  In  yellow  iicMlIea  wlu-n   potaH^ium 
iftulphiteiaaddeil,  drop  by  drop,  t4jan  alkaline  solution  of  potaHsium  auratv. 
Gold  shows  but  little  ttf>ndeney  t^i  form  oxygen-salts.     Aurio  oxide  din- 
•olren  in  strong  nltrlo  acid,  but  tliij  solution  is  decomposed  by  evaporation 
or  dilution.     A  «o<iio-aumiM /Aiotw//i/i<if«,  Nag.\u(S,t.)g).j.2H,0,  U  prepare«l  by 
mixing  the  conuentraltHl  solutions  of  aurio  chlorido  and  uo<liuni  thiosiil- 
[J>bate,  and  precipitating  with  al.ohol.     It  la   very  soluble  in  wat<T,  And 
cryhtultizi-ti  in  culorbits  niMi^ileJi.     Its  solution  is  uhimI  for  Jixing  daguerreo- 
type pictures.     With  barium  cblcride,  it  yields  a  gelatinous  prcdpitato  of 
borio-utti'mi  f/iiosuiji/iut«j  linJAU|(^J^JJ)^, 


Salphidea. — Aurou*  ntfphid€,  Au^,  U  formed  as  a  dark-brown,  almost 
►lack,  precipitate  when  hydro^'en  sulphide  is  passed  intuaboiling  sulutiou 

auric  cblonde.  It  rormasulphur-salts  with  the  monosul]dudea  of  j>otus- 
ium  and  sodium.     Anne  ruljUitJts,  Au^Sj,  is  precipitated  in  yellow  Uociur. 
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wlii'ii  hydr'^pt'ii  Biilp)ii'l«'  U  passt"!  into  a  coM  dilute  solution  of  Aurlo  olilo- 
Hilo.     Huili  llicAc  ttulphklnt  iliciftol\-L>  ia  ninmuniuiu  ttulpliidu. 


Tho  proKoiici'  of  K»>W  in  ftfiliition  may  Ik*  d(!t<*cti><]  by  ihr  hnnrn  prM-ipi- 
liiti>  witii/trroiusuifJiiite,  fu.siblo  before  tho  blow-pipe  lo  a  brad  uC  inctallio 
^»ild  ;  nlsHiby  tbo  browiiish-purple  prt>oipitato,  caUtxl  "Furplo  of  CasHlus.'* 
furmtMl  wbi'U  »UiiutuHS  tiJondr  i.s  lulded  to  dilutu  gold  solutions.  TbB  c<im- 
pociitlou  of  tbiti  pr4>(iipit;it*<  is  not  exactly  known,  but,  after  ignition,  it 
doubtl«'t)«  iNinftbts  of  n  mixture  of  staonio  oxide  and  motailio  gold.*  it  is 
u^tf^t  In  t'tiAitit*!  paiutiu}!. 

(J.ru/ic  (M  «/  slowly  ri'dutfs  pcilti  to  tbo  metallic  Btato  ;  to  iiisurp  ooinpb'te 


Iti'vt ipitation,   ttio  ^uld-Hiihuioii   must    b<.<  <li^(^ti>d  witb   it    for   24  hours 
''or 


tbi*  <juiUititiitiv«MinAlyi«is  of  a  solution  containing  gold  anilotb(-rin<*tald, 
oxalic   acid   is,  in  niobt  ijwis,  a  rnoro  convenient  precipitant  than  frrn.»u 
Hulpbati^ ;  ina^uiucb  as,  if  tbe  quaiititii^  of  tho  otbtr  nii'labi  artr  abo 
\m>  deterinliuHt,  the  prem'ueu  nf  a  large  quantity  of  inm-aalt  may  tMti 
|)U(-al4<  tbu  aualyHia  L>un.Hidorably. 
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Oold  inlondml  for  coin,  and  moRt  otlier  purposes,  ia  always  a]loywl  with 
a  t*<»rtain  iiro|Mirliiin  of  nilvor  or  foppor,  to  incroaae  ita  bardni-sM  and  dura- 
bility ;  tbo  tlntt-namod  inotnl  (HiufiTs  a  ])ale-grueu!sh  color.  English  stand- 
ard gold  wmtniuii  -,^3  of  alb\v,  tiow  always  copper.  Gold,  whou  alloye*! 
with  Ly>pper,  limy  b*-  estimated  by  fusion  in  a  cupel  with  had,  in  the  smue 
way  ft«  nilver  (p.  322).  If  tbo  alloy  b«  fre«  fn^uj  silver,  the  woigbt  of  tho 
gbtbulo  of  gold  loft  in  tbo  cu]tel  will,  aflcr  repeated  fuaionS|  accurntily 
reprrseiit  tbo  qu-TiUlly  of  gold  which  id  preafQt  in  the  alloy.  But,  if  tbo 
alloy  cimtains  silver,  tbo  metal  remains  with  the  goM  after  cupellatiou. 
Ill  this  r.vtu  tbe  original  alloy,  consisting  of  gold,  silver,  and  copper,  is 
fusi*d  in  thu  niutlle,  U>gether  with  lead  and  tilvor ;  tho  alloy  of  gold  and 
silver  romaining  after  inipellatinn  is  then  boiled  witb  nitric  aeid,  wliicb 
dissolves  the  silver,  tbo  gold  being  liifl  behind.  Hy  treatment  of  tbe  nlloy 
of  cold  and  silver  with  nitric  aciil.  on  accurate  separation  is  obtained  only 
when  tbe  two  metjils  aro  present  in  c«*rtain  proportions.  If  the  alloy  con- 
tains but  little  silver,  that  uictal  is  prolevteit  from  tbo  action  of  the  nitrio 
aoiti  by  tho  gold ;  again,  if  it  contains  too  much  silver,  tho  gold  is  left  as 
A  p«iwder  wbeii  tbe  silver  is  di^olvod  out.  Bxperienco  has  sbown  that 
tbo  most  favorable  proportions  arc  \  gold  lo  }  silver  ;  the  gold  is  then  left 
pure,  retnining  tlie  original  shape  of  tho  alloy^  and  can  be  easily  dried 
and  wrighod.  Tho  quantity  of  silver  which  is  added  lo  the  alloy  mu»t 
thorefort'  vary  with  the  amount  (»f  grdd  which  it  onntiiins. 

(inld'tntf'  is  made  by  rolling  out  jtlates  of  jjure  gold  as  thin  as  posKible, 
and  then  beating  them  between  foblH  of  morubrane  with  a  heavy  hamnii-r, 
until  tho  riHjuisito  degroo  of  tenuity  has  lK.'on  roachod.  Tho  leaf  is  iaad« 
to  ailhen»  to  wood,  etc.,  by  siso  or  varnish. 

Gilding  oil  copiK'f  has  wry  gonorally  boon  porformod  by  dipping  tho 
articlrs  into  a  solution  of  mcronry  nitrato,  and  then  shaking  them  with  a 
email  lump  of  a  soft  am.ilgam  of  gold  witb  tbnt  metal,  wbich  thus  lieuomos 
spread  over  their  surfaces  :  tlio  articles  nre  sulwoquently  heated  to  exjtol 
tbo  mercury,  and  then  bnrnisbi'<l.  Uibling  on  >iteel  is  done  either  by 
applying  a  solution  of  anric  cbloride  in  other,  or  by  roughening  tho  siir- 
lace  of  tho  metal,  beating  it,  and  applying  gold-leaf  with  the  burnisher, 
tiilding  by  electrolysis— an  elegant  and  simple  metboil,  now  rnpidly  sttper- 
Brnling  many  ot  tbe  others — has  already  been  notiw^i  (p.  267).  Tlio  solu- 
tion usually  employed  is  obtained  bj  dissolving  oxide  or  cyanide  of  gold 
in  a  solution  of  potassium  cyanide. 


•  QrKham'i  Etcmrati  of  Ohrmlstry,  3U  cd.  ro)   u  p.  .ifrl 
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CLASS  II^DYAD  METALS. 

GROUP   I— MKTALS  OF   TUB  ALKALINE  KAETHS, 


BARIUM* 

Atomic  Weight,  1S7.    ^«]mboI,  Ba. 

Tiiia  m^mX  occar«  abuiiditmly  as  !<uli*tiAl»<  and  cftr1>onAti*,  forming  the 
taae  in  luony  It-o^l  miii*-».  Davj*  ubt/iiinil  it  in  tho  nu-mMif  «tate  by 
■MfM  siuiiliir  lo  tluif)4f  dtfrribed  in  the  cam^  of  litliium.  Huniii-n  HubjtiMs 
bArinm  rhIorhliMitixtMt  to  Apaatowitk  wa1*T  and  a  littli*  hydrocbloriv  acid, 
At  A  i<in[M-ratun»  of  linjC,  to  the  Action  of  thf  t-b^clric  ciin-fnt,  nsing  nn 
am*lgAuuit«*d  platinum  win*  aa  th»!  negativw  jwlf.  In  tliis  mAnn<'r  tb« 
auital  is  obuini«il  b«  a  ttnlid,  highly  crystaUiue  aniAlf*am,  wliiidi,  whi^ii 
haftlHl  ill  A  »trt*nm  of  hydrog*'ii,  yields  barium  in  Ihv  forrn  cif  a  ttitncfled 
aiAAA,  tamialKnl  on  the  •urfaor,  but  oft<m  rxhibilin)*  a  pilvcr-whitt'  Inntre 
in  lh«  CATitit^.  It&rium  may  aUo  Ut  obtained,  tlion^'li  impurt^,  Ity  pAKsing 
▼Ap<tr  of  pfitAMiium  uv«'r  tli«  r«vl-hot  chlorido  or  oxidt*  of  bArltiui.     It  ia 

liVulleablo,  uit.*ttj*  below  a  rt?>d  heul,  cU;voinpoeea  watfr,  and  graduAlly  oxi- 

[4ix*4  in  ih«;  air. 

Barioxn  Chloride,  Bnri3.2H,0. — Tbid  vnlnnblp  »nlt  if  prf-parod  by  dis- 

■riirm^  lli<»  nalive  cArlmnnt*?   in    hydrochloric  Acid,  lllt**ring  thf  fu>|nlion, 

,«nd  nvA[H>rAting  until  a  {K'Hiolu  l>c^fnB  to  form  at  the  aurface:    the  aolu* 

lioii  un  <y>^diiif;  deptwits  cryHtaU.      When  naUre  rarhunatv  cannot  Iw  pro- 

'•prMl,  till*  nativu  autphatit  may  Ix*  employi'd   in  tin*  fnlhiwing  mannur  : 

The  Rutphatv  is  redu«*d  U*  Cue  iK»wder,  and  intimately  uiixi>d  with  on<»- 

Vi'.T  \  «»f   ity  Wfiqht  of    pMiwdi-rM    conl  ;    thi?  tnixlun*   is    pr••^rt^:•d    into  an 

itarlhcn  ornciblr  to  which  a  cov(>r  Jh  fitt»l,  and  ex|M«t*d  for  an  hour  or 

faH>rt.<  to  a  hi^b  hkI  bfiit,  l>y  wliich  tbo  sulpbatv  in  (i>nvvrtt<4l  intit  sulphide 

the  4<xp4mKi<  of  tlio  ciUihuHtiblf*  matter  of  Ibo  ooaI  ;    thf    hinrk   maflA 

LboA  obtain***!  i?  pnwdt*r«.><t  and  ImhUoI  in  water,  by  which  the  ftiitphide  ia 

liiUtnlvpd  ;  and  tlio  aolntlnn,  flltiTitl   hot,  in  niixf<d  with  a  HlJght  i*xc«bs  of 

ivdriM'tiloric  A<'id.      Kariiim  chlxridr  and  hydrogen  Rulpbide  Are  then  pro- 

1uo«h),   th*   latter  eBcnpinf;   with  etrerv(*cM*nce,     Laidly,   the  iiilution   la 

lltrriyl  to  iu-parat«  any  littl«  insoluble  nialter,  and  evajinrAtt'd  to  the  cryii- 

tnllising  point. 

The  cryfitalrt  of  bftriiim  rhiorid**  are  flAt  four-ttided  tAblca,  colnrleaa  and 
transparent.     They  cnntnin   two  mnjecnh-s  of  WAter.  easily  driven  off  by 
leal.     1(K)  parts  of  wAt.-r  dlftHolvc  4B..'>  parts  At    15. SO,  and  78  parts  nt 
104.5^,  whioh  ia  the  boiling-puint  of  thu  aAturated  solution. 

Barium  Ozldea. — Tlin  AfnnnriHr  or  Bnnftn,  BaO,  la  beat  prepared  by 
di<v»Mi|M':*inf;  thu  cryHtalliztwi  nitrnte  by  beftt  in  a  capaciona  porcelain  rrii- 
oihle  until  rtnl  vnijora  are  no  lon^iT  disengaged  :  the  tiitrit*  acid  is  then 
resolved  into  nltrouft  acid  and  oxygen,  and  the  bnrytn.  remalnn  Iwhind  in 
the  fonn  of  A  graWflh  jtpongy  nifij^.f,  fusible  at  a  high  degree  of  beat. 
When  nimsicnt'd  with  wntt*r  it  i-niiihinea  tntn  ^  hydrnte.  with  great  elera- 
^li(>n  of  tvmperature.      Tbo    Hydrorulr  or    Uydnilc,    nnlIjOj=  Iip.*>.H/),    ia 

rrom  iuvr^  henry,  ^n  alluilon  to  the  ^reAt  speolfle  pAVlly  of  the  OAtive  OAr- 
lamie  anil  ■ulphate. 
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jtroparwl  .t»  the  l:irg«  seal**  liy  (k-oomiKiaing  a  hot  oono<»ntrat<>d  solution  of 
lidriiim  ohlorhle  witli  n  Holutiou  of  caustic  sotln  ;  on  u>oling:,  cf>t4t:iU  of 
l>Arium  li.vdrAto  ore  <li'positt\l.  which  lua.v  \v  purifitMl  hy  n.'-rryatullis:itioii. 
In  Iho  hilwrfttory  barium  liyilrato  k  often  prc|>artd  hy  U>)|jng  a  strnng 
Bnltition  of  th.t  nnlphido  with  fiumll  suctx^ssivit  jMirlions  of  hhirk  oxijo  of 
O(»i>i»or  until  a  'Irop  of  th«*  litjuiil  cf;iscs  to  form  a  hl.ick  pruuipilato  witli 
h'.nl  units  :  thf  fild-i'iHl  litinitl  on  rooUiig  yii'Uls  rrystals  of  tho  hydrate. 
Tho  rryalnlH  uf  hnrliini  hvtlrfite  contain  BalljUj.h.Vq.  :*  th*'y  fuso  easily, 
nti  I  I'iso  their  wat^T  of  cryAtrillizntiiMi  nhi*n  »lninj;ly  heated,  h/aving  the 
hydrate,  IUU|0,,  in  the  form  of  a  whilVi  srift  {MiwdiT,  having  a  great  at- 
traction  for  carhonlo  nciil,  ami  solnblo  in  20  parts  of  cohl  an<l  2  partit  of 
hiiiliui;  wat'T.  Thy  solution  i*  a  vftluftl»h>  rca;;ent  :  it  i^  highly  alkaline 
til  (eHi-papitr,  and  iiu^tautly  rcudered  turbid  by  tho  niuallest  travu  of  oar- 
Uniiu  noid. 

The  iJittxiiU,  llaO,,  may  Im'  formed,  as  already  mei)lionr<l.  by  expnaing 
baryta,  huatotl  to  full  reilni'^s  in  a  pcmvlaiu  ttihe,  to  a  enrrent  of  pup« 
oxygon  ga».  It  Is  gray,  and  forms  with  w.iter  a  white  hydrnlf,  whirh  is 
not  deoompo:4iHl  by  that  liquid  in  tho  (vild,  but  dt^nolves  in  unmll  quantity. 
Barium  hydruto,  when  heated  to  nwhiess  in  a  eurreut  of  dry  atmoKpherio 
»ir,  hwei!  itji  water,  and  i^  eonvertt'd,  by  nl»«orptiou  uf  oxygen,  into  barium 
dioxiiln,  from  which  tho  neeond  atom  of  oxygen  may  Im  expelled  at  a  higher 
tompt-riituru.      Uoussinganit  haN  propiM(^>4l  to  utilixo  tlu^e  reactions  for  tho 

fn'eparallon  of  oxygen  UfMUi  a  largo  scale.  Thi-  dioxide  may  also  be  mado 
»y  heating  pure  baryta  to  rudni'MS  in  a  platinum  crneible,  atul  then  ^radn* 
ally  attding  an  is|ual  wi-ight  of  ]>citassiiiui  chlernte,  wlierrhy  laritim  diuxtdo 
and  jKttajttiium  chloride  are  pntduoed.  The  latter  may  be  extraeled  hy 
cold  water,  and  the  dioxidt;  left  in  the  state  of  hydrate.  It  Is  utnil  fur  tho 
pre]»arati<>n  of  hydrogen  dioxide  (p.  148).  M'hen  di»iolved  in  dilute  actdj 
it  in  deotimpostNl  by  (lotassiuin  bichroiiiute,  and  by  tho  cucide,  chloride,  sul- 
phate, and  t^rUmato  ot'  silver. 

Oxysalts  of  Barium. — The  Xifrate,  Ba<NO,),,  is  prepared  by  methods 
#xaeLly  Ktiiiilar  tit  tinier  adopted  for  preparing  the  ehlurtde,  nitric  a*id  be* 
big  Huhstitiited  for  hydroehlorid.  it  erystallizea  in  transparent  colorless 
oi;ti>hedronH,  which  are  anhyrlrouis.  They  require  for  »oluiiun  b  pari*  of 
coli  and  3  parts  of  lioiling  water.  This  salt  is  much  less  soluble  in  dilut« 
nitrio  aeiil  tliau  in  pure  water:  urrora  souietiuies  arise  from  such  a  prcMJpi- 
tftto  of  erybtalliue  barium  nitrate  being  mistaken  for  sulphate.  It  diaap- 
p^'arH  on  healing,  or  by  Urge  atfasion  of  water. 

Tle^  .S'm/;».'iii/*(,  ilaS(\,  iri  fuund  native  as  Arury  «ymr  or  Intrytrg^  often  t>eau- 
tlfully  eryslallized  :  ib*  spi-ciflc  gravity  in  an  high  as  4.4  to  4.f?.  This  c<im- 
poiinl  U  alwavH  proilnet'd  wh'-u  Hulphuric  acid  or  a  soluhlu  sulphate  is 
mixed  with  a  solution  of  a  barium  salt.  U  \a  not  tteniiitly  soluble  in  water 
or  in  dilulo  neida  :  even  in  nitric  arid  it  is  almtHt  iiwoluMe:  hot  oil  of 
vitriol  dis'^olvetf  a  little,  but  (he  greater  part  Beparat".*  again  on  ciMding. 
Barium  sulphate  U  now  pr<KUiced  artiticialLy  on  a  large  Beale,  and  in  umwl 
a*  a  substitute  for  white  lead  in  the  tiianufacture  of  oil-paintB.  Tlie  BUl- 
pliatc  to  bo  usml  for  this  pnri»L>»e  i8  prei'ipitat*>d  from  very  diluU-  ^lutionH : 
it  is  known  in  commerce  a.-*  hlanc  jixf.  Powdennl  native  barium  tml|)hate, 
bi'ing  rather  oryatalline,  has  not  sufficient  btxly.  Tor  the  prwluctiuu  of 
Kulpbat<>,  the  chloriile  of  liarinm  la  first  prepared,  which  is  diitsolvt^i  in  a 
largo  quantity  of  water,  and  then  precipitated  by  dilute  eulphurio  add. 

The  VarbtttuUe,  HaC'O,,  is  found  uutivu  aa  irithcritf,  and  may  Iv  formed 
artiUcially  by  precipitating  the  chloride  or  nitrate  with  an  alkaline  car* 

•  The  nyukbol  Aq.  <ftt»brcTUtloD  of  ofwa)  u  oftca  uud  1o  dcoote  water  of  cryi- 
talUNitloa. 
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britiat*^,  or  c-arlMmato  of  ammouia.  ll  b  n  honvy,  Khilr  powrlcr,  very  jpn- 
rm>;l.v  »c>liiMe  iii  waUT,  tind  (.hied/  uHvful  in  tliu  jtr*'|iurathiii  u|  nihiT 
barium  ft*lts. 

B«riain  8ulpliid««. — The  MtmnmijUiutf,  BaS,  i*  obtniiuHl  in  !!»»•  iitiin- 
Tiff  alrt-A<l^'  ilr^i  I  iiH-tl  (p,  6'2XI);  t|)t<  Iii^Imt  Hulplihli-A  iiuiy  l**^  fniiiHHl  Uy 
bolting  ii  with  flulphur.  Uurium  uiuuci^ulphiflL'  t-rvHtullixtw  tntm  a  hot 
»o|utit>ii  in  thill,  iii'url/  coluilL*s.-4  jiluluM,  Hhuh  contain  wattT,  and  aic  not 
vtry  aoUihle:  they  arv  raptdly  nllcri'*!  by  iho  air.  A  Mirong  •loluiidii  of 
tliu  sulphide  luuy  bu  (uiipluytM.1,  at*  already  dvaicribi'd,  Jo  the  pri-psration 
of  barium  hvdiat**. 


Salutlnnn  of  liarium  hydrate,  uitrati',  and   chloride,  ar«  run>itnntly  ki^pt 
the  laUiratory  as  eht-uucal  ti.i>tfi,  thu  firttl  bring  cniploytil  t«>  ^'flt'i-i  the 
iratiun  nf  carbuuic  aciil  from  uTtain  gosoous  mixturi-6,  and  tht*  two 
tt'T  to  prfni)ilate  fitilphurii-  acid  from  »olution. 

SoluUu  barium  baUh  are  poiM)timis,  nltieh  in  not  Ike  ca»u  wilb  Iboee  of 
iitlum.     >ur  tUvir  reactiund,  hw  p*ti«  3Jti. 
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STRONTIUM. 

Atomic  Wright,  ST  0.    Syn)t*ol,  Sr, 

Thk  niH«l  »itrontiiini  nmy  !>c  oHainrd  from  Itnoxirlr  by  mrnns  iiniilar 

th)M>*  dfHrrilM<il  in  thu  ranf  uf  barium  :  it  ib  uhunlly  di-ficrilxHl  as  n  m  hlte 
al,  heavy,  oxidizablu  in  the  air,  and  capahU'  of  dnyimjN'sin^  water  at 
nion  tt'mpHrntunfi.  UalthicKHt'n  Htatt^a,  bowevrr,  that  it  bn»  a  dark- 
nw  rolor,  ami  (npt'cific  gravity  2.64.  He  propart^  it  by  fillini;  a  ))inall 
OTueiblo  hariii;;  n  p<>r<*n<i  itll  with  anhydroutt  slrontinm  cbloridn  niixrd 
with  H*inv  amiiMiiiiuiit  chltiriili',  so  that  the  b-vi-l  of  thf  fusrd  tlilnridf  ill 
the  orll  i»  much  high<>r  than  in  the  crucible.  Tlk«  negative  pfde  plaii-d  lu 
the  04-11  riiii!<i!itft  of  a  vry  i\t\t^  ir«n  wire.  The  poAttive  pole  is  an  iron  cyl- 
inder plao4Hl  in  thti  crucible  round  the  cell.  The  beat  ii>  re^nlatinl  ko  that 
a  cruDt  funiiH  in  the  cHl,  and  th»  metal  CTillrctit  under  thitt  (.rn^t. 

StrtynfiitM  Monoriiie,  or  .S*ron/;o,  J*K),  is  beHt  prejiared  by  dp*<niposing 
the  nitrato  with  aid  of  heat :  it  reHemblea  baryta  in  aUiir«t  ev^ry  partieo- 
lar,  fnrmln?,  like  that  substance,  a  while  b>drate,  solnl<l«  in  water.  A 
hot  naluralM  unlnlinn  He[tfH«it!i  rrvfitaU  on  ot'niing,  which  c<.ntnin  ^rlI(0,. 
SAi).  t  heated  to  dull  reflnctts  they  lose  the  whnleof  their  water,  anhydr»mB 
atronthi  iK-itig  b-n.  The  hydrate  has  a  great  attraction  for  orlonlo  acid. 
The  Ihnntir,  SrOj,  \»  prepared  in  the  pame  manner  aa  barium  dioxide ;  U 
roav  )h-  «.uhf(titutea  fur  the  latter  in  makin«  hydrogen  dioxide. 

tlo'  native  carbonate  and  sulphate  of  jitronlium  servt-  for  lh(>  pn  parft- 
tion  of  the  variouB  nalU  by  menns  exartly  Ptmllar  to  tlione  already  descrilM-d 
In  the  case  of  barium  fiaits :  they  haT«  a  very  fceblo  degree  of  solubility 
in  water. 

Strontittn  flihirittf,  SrH,.  crygtaUires  In  ix.IorlosR  needles  or  prbtms, 
vhlch  are  Bli::htly  deliqnesoenl,  and  poIubU*  in  2  parts  uf  mid  ami  a  still 
anialler  (jnnntity  of  Viilinj;  water;  they  are  aI>«o  soIuMh  in  aleohol,  luid 
the  Bolulion,  when  kindle*!,  brirna  with  a  crimson  flame.  The  crystals 
contain  ti  moliMuilea  of  water,  which  they  luee  by  heat :  at  a  liipber  ti-m- 
jwralure  tlie  chloride  fnaeft. 

.SirrorOium  A*»Vrri/r,  Sr(N<>,),,  cryalalllzoa  in  anhydroua  ortohedrona,  whkU 
r«qulr«  ftw  volution  6  parts  of  wld  and  about  half  their  weight  of  U»llin|j: 
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WftU'p.     It  in  principally  of  vnlutf  to  tin*  pyrotuchniHt,  who  omployj 
tho  compofliliou  of  the  wt^ll-kiiown  "  rod  lire/'* 

ThtT  gpt'ciul  phttuuiueua  exbiUted  by  struutiuiu  coiupoiuicU  ure  meutioued 
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«  U  ono  of  tho  most  nbuixlAnt  anrl  wiilxly  difTuBMl  nf  t1ii>  rnrtnln, 
High  U  in  iii-v**r  found  iu  the  free  btiito,  Att  carbouate,  it  oocuih  in  n 
ppi*at  variety  of  furtiis,  i*onslituli(i^',  .is  linit-stono,  entire  mnnnlftin  ranp-s. 
Calcium  was  obtained  in  an  impure  state  hy  Davy,  by  meaiid  siniiliir  to 
tliuae  ndnpted  lor  the  prepaniliuii  of  bririmn.  Mattliiessen  prepares  the 
pure  metal  by  fusinj^  a  mixture  of  two  moleeuleif  of  calcium  chloride  and 
on*i  of  Btmntimn  dilnride  with  Komo  ehloriite  of  ammonium  iu  a  small  por- 
celain cpueihle,  in  wriiieh  an  iron  cylinder  is  plated  an  positive  |J<'Ie,  and  & 
pointed  iron  wire  or  a  little  rod  of  earlxui  ooiiuectod  with  the  zino  of  the 
Ulttery  in  ni.i^le  t«i  toueU  the  surface  of  the  li(|iiid.  The  reduced  metal 
fnHi*s  and  ilro|><<  oM'  from  the  point  of  the  iron  wire,  and  the  heatl  ifl  removed 
from  the  liqull  by  a  small  inm  spatula.  LierJ-IJ^Klarl  and  Ciobiii  preparo 
L<aU:iiuu  by  igniting  the  itMllde  with  an  equivideut  quautity  of  fiodium  iu 
an  iron  crueible  having  its  Hd  iicrewe<l  down. 

Calcium  in  a  li^ht  yellow  metal  of  sp.  gr.  1.5778.  It  is  aliout  ob  hard 
as  gold,  very  duutil?,  anil  may  h*i  cut^  filed,  or  liammerMl  out  into  plates 
HH  thin  RA  thefineHt  paiHT.  It  tarnishes  slowly  in  dry,  more  quickly  in 
dinip  air,  decomposes  water  quickly,  and  it*  gtlll  more  rapidly  avte^i  upon 
by  dilute  acids.  Heated  on  plritinum  foil  over  a  i*pirit-lanip,  it  burns  with 
a  bright  llash  ;  with  a  brilliant  li;:ht  al.fo  when  lieatod  iu  oxygen  or  chlo- 
rine gtts,  or  in  v.ip4)r  of  bromine,  ioiliue,  or  sulphur. 

Calcium  Chloride.  CaCI^,  is  usually  prepared  by  dissolving  marblo  in 

hyclrocliloric  acid  ;  it  is  also  a  by-proiUiet  in  several  chemical  monufoo- 
tures.  The  salt  BeparattM  fmm  a  strong  solution  in  colorli-ws,  prismatic,  and 
exw^edinjjly  deliquesoeul  crystals,  which  cx^ntain  ti  molemiles  of  water. 
By  heat  this  water  is  expelleil,  and  by  a  temperature  of  strong  if^nitiun 
thH  salt  Is  fnsi^l.  The  ervHtnlif  reduoctl  to  powder  are  employed  in  the 
production  of  artilU'inl  oold  by  In-iiif;  mixed  with  snow  or  powderiwl  ice; 
and  the  ehloride,  strongly  dritNl,  or  in  the  fuse^l  state,  is  of  threat  une  in 
desitriiting  gnsi-s,  fur  which  pur|Mwe  thu  lallur  are  slowly  iransndttcd 
through  tuK'S  filled  with  fragments  of  the  salt.  Calcium  chloride  is  als9^ 
freely  soluble  in  alcohol,  which,  when  aubydroua,  forum  with  it  «  delinll 
cryhlullixabtu  uom]Kiund. 

Calolom  Fluoride,  Flnor-Spar,  CaF,. — This  8ul»tAno<>  is  lmport.ant 

as  tlio  must  abundant  naiuiul  huurce  of  hyilrolluuric  acid  and  the  otlier 
fluoridea.      It  occurs   bt;aulifnlly  cryst4tIliXiMl,  of  various  colors,   in  lead- 
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▼fins,  Uirt  cr/8lal«  havinjj  rrtnmnnlr  tlio  cubic,  luit  «nm«tiinm  tlie  ixtulH 
tixnX  (tyrtn,  pnrallrl  l*t  Ihp  f.in-a  nf  whii-h  latttT  U^uro  iUey  alwa.vn  clc.iv 
8auMf  variothiB,  wh<*n  hrtilnd.  emit  »  jj;n»«MitMli.  and  wouio  a  purpU>  iihiiM|ih4 
rt*»cvul  li^Iit.  The  llti.  rulo  ii  <.|uitc  iii4i»lulfte  in  wat(-r,  and  in  iJtM!uiu|» 
bjr  »il  of  vitriol  in  tlit*  uiAiiiicr  alnMiU;^  lueittiunvd  (|>.  1^^). 

Caloinm  Oxides. — Tli«*  Mimnriifr  or  t.im^,  r«f*,  mny  \*c:  nbfatii***] 
■lAt4*  "f  muHKlrrahlc  purity  hy  li«'atiiig  to  full  rttlniwH  for  »uuie  liiiio  TraK- 
mctiU  of  tljt*  bUik  bituinimmB  mnrltbi  of  iJnrbyrthiro  or  Kilkenny.  If  r*»- 
qiiiriMl  alMolutoly  ptirr,  it  iiiiiiit  Iw  uiftdo  by  itrnitiii;:  tn  HhitciKttit,  in  a 
platinum  criiiMbK',  an  ftrli6riiil  mbnum  curUnmt*',  prepan-d  by  priTipttnt- 
injS  the  tiilrntf*  witli  anunoniA  nirUtiintt'.  l^iiiit*  in  mi  iuipurt<  Htatt*  \a  pri*- 
par«Hl  for  buiMinj;  ami  a^^ricultiiriil  purpouc*  by  calcininj:,  in  a  kiln  uf 
Hiiitablv  oon»tlruction,  tb**  ordinary  linii>»tonoA  which  ab»und  in  many  dis- 
trictjA  ;  a  rod  boat,  ('^>ntintii'!d  fitr  tu>\i\i-i  botire,  in  ftnlliHi-nt  to  dirtL*nf;n);i;  tbtt 
whole  of  lJi««  carlmnic  a-'id.  In  tin*  iM-rtt  Hmtriviil  lin)*^ktlnH  thv  pnKvsn 
U  carrird  rm  continuously,  bn.kt-n  linif^tono  and  futd  U-ing  nunsl.-intly 
Iht-tiwn  iu  at  thtt  top,  and  the  biirmtl  limn  raki^d  out  at  intervnU  froua 
UMitrath.  S<iru<diuii*H,  when  the  limt-Mtonu  ct^ntiiins  tiilitm,  and  Ihu  boat 
hoi  boon  very  high,  (h»>  lirao  refu-u^i  to  sink**,  and  la  said  to  be  over-inimtxi ; 
lu  thin  oa.sf'  n  portion  of  silioatA  lio:*  Invn  foruuKl. 

Parvi  limM  i^i  whit«*,  and  oAun  of  oinnldcrablt'  liardnoM  :  it  1*  qnJte  in* 
fusible,  and  phoflpborpi!t<^«,  or  cmiti  a  palt>  lij^ht  at  a  high  t*>inporatiirf. 
Wh*n  moist^'Utid  with  wat^T,  It  Blakiw  with  ^i-al  violence,  evolving  lu'at, 
iinil  <'rnmblin;r  to  a  soft,  whlti*,  bulky  jwiwili-r,  which  is  a  b,vdrato  con- 
taining a  Kinjrb*  mnbtcub*  of  water:  thn  laltt-r  ran  Im»  n-^ain  rxpclUil  by  a 
rwd  heat.  This  hydrate  or  hydroxido,  C'all/>g  or  tV.il,0.  i»  lioluble  in 
w.it^r,  but  far  U-*»  no  than  (^ither  tho  hydratu  of  barium  or  of  utronlium, 
and,  what  i»  very  ri'niarkabb\  th<*  eoiiier  the  water,  tho  largi-r  la  the 
quantity  of  Ihu  uijmj>ound  that  in  taken  up,  A  pint  uf  water  al  l^Jt'^  C. 
(rRlO  v.)  dissolve*  al»nut  H  grains,  while  at  ll't;0  c.  (21*J3  F.)  only  7 
grain*  are  retained  in  ttolution.  The  hydrate  hna  lioen  (d)tained  in  thin 
(Irlicatn  erystaU  by  »low  cva(>oration  under  the  air-pump.  i,ime<wutt.*r  is 
alwavrt  prepared  for  chemical  and  pharmacimtlcal  purposes  by  a^'ifntine 
o^ll  watiT  with  exceftH  of  calcium  hydrate  in  a  cloMfly-Ktujiped  veHti<>l,  and 
then,  after  HulMidence,  pouring  olT  tho  tiear  liquid,  and  aildiug  a  freHli 
quantity  of  water,  for  auutlier  operntion:  tliere  1b  not  the  least  oociLoiou 
for  flltoring  the  Kolution.  Liine-wuter  hnit  a  Ktrong  alkaline  reaction,  a 
staa«€K>ua  ta^te,  and  when  px]>otfe*l  to  the  air  Inixnnea  almmt  intttanlly 
covered  with  a  |H<Llicle  of  carbonattt,  liy  abttorption  of  carbonic  acid.  It 
i«  u»h1,  like  baryta-water,  an  a  text  for  carliouiu  acid,  and  also  in  uiedi- 
rine.  Lime-water  prepared  from  some  varieties  of  limestuuu  may  contain 
pijtadh. 

The  hardi>ning  nf  mortani  and  cements  i«  in  a  great  measure  due  to  tho 
pralual  alworptiuu  of  cart>onie  acid  ;  but  even  after  a  very  great  length  of 
time,  thi«  conversion  into  carlMuata  is  md  complete.  Mortar  ia  known, 
hnnder  favorable  cireunmtaneea,  to  actpiire  extreme  hanlneas  with  n^-e. 
J*ime  ei<meutii  which  reaiat  the  action  of  water  eontaia  iron  oxides,  ailica, 
and  alumina:  they  require  to  be  carefully  prepared,  and  the  Btone  not 
over-hi^ated.  When  they  are  ground  to  p<jwder  and  mixed  witli  water, 
solidilie.iiion  speedily  ensmw,  from  cjiuH^-a  not  yet  thoroughly  umlerKtood, 
and  th.i  r-nient.  once  in  thtfl  condition,  itf  unalleete^l  by  wet,  Parker*M  nr 
2toni  111  <ement  i.i  majle  in  this  niann<>r  fmm  Iho  no<lularmaHB<'flof  oalcai-tH>- 
•rgillfteiMma  in.uMione  found  in  the  Umtlon  clay. 

Lime  i<t  of  great  importance  in  agriculture:    It  is  found  more  or  Ie«t*  la 

[*iry  fertile  uoil,  and  Ih  often  very  advantageously  xldeil  by  thetultivator. 

decay  of  vvgutable  fibre  in  tho  aoil  ia  thereby  protuuicd^  atui  u\b«t 
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imiMtrUnt  ot>ji'<:b),  as  tht*  dc^tructiun  of  otTtatu  liurtful  c<nnp<>uniL<t  of  U 
in  nminh  and  pi'nl  laud,  are  odvn  utluined.     Tliu  wlditiuu  ot  Unit!  probablj 
hLi-vt^i  Ukcwuu  tu  UUtuU)  putnaitium  Irom  iUv  in^4uUle  Bilicatv  of>thj 
hfutn  ointii.inL*d  in  tliu  tioil. 

Cuivium  tfiixciJtj  l'iit>,,  is  said  tu  n-MiMuMu  luuiuni  dioxido,  and  to  \m  u1 
taimildo  )i^'  troAling  liniu  with  lijkdroj^ea  dioxidf. 

Caloium  Sulphate,  CatiO^. — Oystaltiui'  nntive  calcium  Hutpliate,  con- 
tniuin^  twu  uiulrculr^i  t>l'  walur,  iii   found  in  uoiuidcrnblt:  abunduuco  in 
mnie   UH'ulitit^s  na  tjifpnuitk :    it  U  uflon  a.>4iiuviated  witli  ruck-vult.     Whuai 
rof;ularl>'  crvjttnlUitU,  it  i»  ti-riucil  AriruiU:.     Auhydrouii  cAiciunj  sulpha! 
JH  a1«>  4H.M?iMi<HiuU.v  mol  with.     Tho  bult  is  formed  by  procipiluljoii,  wUoa) 
a  nio<lt*ralLdy  conciMitrnlcHl  Hululiuu  uf  calt-iuiu  <:hlunde  ib  uiixlhI  with  nwX-i 
phurie  ncid.     CaK-iuui  sulpliat**  is  nolublu  in  aU>uL  &UU  parts  of  cold  water,, 
and  \i»  solubility  id  a  litlli*  increased  by  hc-at.     Jt  is  muro  bolubk^  in  uatufj 
ixiiitaining  ammonium  clilorido  or  potu.<4i>iuui  iiitrutu.     The  Hulutiun  iii  pi 
oijdtLtud  by  alwdi"'l.     liy]n*am,  or  ualivti  hydrati-d  caluiuiu  Milphaltf, 
lar>;fly  (•mpluyett  for  the  purpouu  of  making  i-ahtb  uf  statucit  and  me<lah 
al^o  for  moulds  iu  tho  porm'Iaiu  and  uarthenwaru  raanur.iulurv8,  and  furj 
other  appliualions.     It  i»  I'xpost^l  to  hi*at  in  nn  ovt*ii  where  the  tempori 
Inrr  dtM!s  n(»t  exceed  VZ"^  C-.  (2G0.GC>  1<'.;,  by  which  the  wator  of  cxyutaUJ 
lizulion  14  expelled,  and  it  x*  afterwurdti  reduced  to  a  tine  powiter.     Wh«i 
iiHxcd  with  water,  it  milidifl«'fl  after  a  short  time,  from  the  re-formation  of 
the  >4ame  hydrate  ;  but  this  effect  does  not  ImpiH'U  if  the  jfypttum  has  beeu 
ovor-heiktinL       It   irt  often  CRlU>d  l*la.Hier  of  I'aris.     Arttticial  colored  mar- 
bles, or  JtciitflinJo ^  are   friH|uenUy  pn*pare<l  by  iut^c^rtiuf;  piecti)  of  nature] 
Btotie  in  a  soft  stucco  containing  thi:*  HulHitamM%  and  polishing  ihu  snrf.iua< 
when  the  cement  has  become  hard.     Calcium  Hulphate  U  one  of  Uio  uumI 
common  impurities*  of  sprin;;  water. 

Tht)  peculiar  property  water  acquires  by  iho  presence  of  caleiani  naltrt  la 
termed  hanlnfss.  It  manif<*sts  ilsi-lf  by  tln'  rtfect  such  waters  hare  uiwtu 
the  palate,  and  particularly  by  its  p4*culiar  l>ehavior  with  soap.  Hani 
wa:er  yipbb*  a  lather  with  M>Jti>  imly  after  lh«  wliolu  of  the  calcium  ealta 
liavo  bi-en  thrown  dowu  from  tlu»  water  in  the  fonu  of  an  insoluble  lime* 
ftOftp.  L*|H>n  this  principle  Clark's  8oap-te»t  for  thu  hardness  of  water  iai 
b«sed.  The  hardnv!^  produced  by  calcium  sulphalo  is  oaUvd  pa-munon 
MardMstf  linoo  it  oannot  be  remediod. 

Calcium  Carbonate,  Chall-;  Limestone;  Murhle,  CaCO,. — Calcium  ca; 
honale,  often  more  or  lei^s  contaminated  with  iron  oxide,  clay,  and  orf^ani 
matter,  forms    rocky   IhhIs,   of   immeimn  extent  and   thickness,   in  alm«i;it 
ev»'ry  part  of  llir  world.     Tlu-se  pn-aent  tlie  fcrealfst  diversilii.'s  of  texture 
and  appcaranc<*,  arisinft,  in  a  prcal  measure,  from  change;!  to  which  lln-y, 
hav0  beun  subjoeted  bIikm*  their  de]Kisition.     The  m<Htt  ancient  and  lu;;h 
cryAlalUno  limentones  arn  di^htilutu  of  ri.>iibli?  or;;anin  riMuains,  while  thos 
uf  more  recent  origin  aru  often  entirely  made  up  of  the  Hhelly  exuriip  of 
onre   tiring  beings.     Sunietimes  Ihi-se  latter  are  of  such   a  nature  an 
show   that  the  animaU  tnhabitc-il  fresh  water;  marine  simrit;^  and  n>ra 
an*,  however,  mimt   abundant.     Cavities  in  UmctKtone  and  other  rocks 
very  often  linLii  witli  ma^rnifici-nt  crvrtt-ilrt  of  eabinm  cnrltonnte  or  calciriv 
fiuft  spar,  which  have  evidently  iK'en  slowly  de]>osited  fr*im  a  watery  solu- 
tion.    Calcium  carbnnatr  is  always  pn-cipilated  wht-n  an  alkaline  curboiiato 
is  mixed  with  a  tiolntion  of  that  base. 

Although  thisHulistance  is  nut  sensibly  snlubli*  in  pure  water,  It  ta  6«el7 
taken  up  when  carbonio  acid  hapi>ens  at  the  same  time  to  be  pr<>9ent.  if 
a  litlh!  lime-water  \h\  iH>unMi  Into  a  vessel  of  that  ^ha,  tho  iiLrhidlly  nrst 
pruduei«d  dit»appears  on  agitation,  and  a  transpar<<nl  boluliou  of  imluiuia 
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cmrbonato  {n  «xceu  of  carbonic  acid  is  obtAineil.  Tlib  nolutiou  ia  Jeoi 
jnWiil  t-^imjjK'U'l/  l>,v  boiling,  the  earbonie  tivid  b»»liij;  ^xih'UihI,  And  tko 
eurbuuatv  pit'LipiluUMi,  tjnicf  all  aaturul  wuU-i»  ciitriiii  diasolvt'd  tar- 
boxitc  acid,  it  J*  to  Im  fX]icL-l4<d  tbat  calriuiu  In  thi»  »ta\v  hhuuM  bv  nt  very 
vuumum  iK-curntiuv;  and  such  U  n-ally  found  tu  U<  Uiu  fact,  riwr,  and 
uiorv  vspvcially  Bpring  waU-r,  uIuhmi  liivarlablv  containing  calduni  tar- 
butiutf  tliUM  diMHulvf!d.  In  liua<stonf  districts,  tUis  is  oftvu  ihu  eacti  to  a 
gftfut  i<xl«ut.  The  Aaru  leM  of  wutor,  which  in  owing  to  tht?  preiu'ncc  of 
raK'iuiu  carlMJoato,  ia  catled  trtHpotnrtf^  sinci'  it  in  diniinishM  to  a  very  cciu- 
sidcTAbiif  rxtcnt  by  l)uilin|^',  and  luay  U*  nearly  removed  by  uniting  the 
h:ud  watt-r  wilh  Inuo-walcr,  nhru  Utth  the  dihsolvixl  cnrlxaiitN*  niid  tho 
dtiwoU-i_-d  lim.*,  whith  IhuH  buf<imf»  ourljuimtt*d,  nrf  prcHjpitati-il,  l*i,(  n 
jiruH-ipU*.  Dr.  Chirk'tt  proct-ws  of  iiofU'uiu^;  water  w  based.  Thi«  I'Ich^ 
U)  of  fon}iidi.'rabte  iui|>ortuiir«f.  nince  a  «U]iply  of  hard  water  to  tttun|^| 
1  luaiiy  rt-niMxls  a  Bourtt^ol  ^tv^x  inn>nvenitnc«.  As  nlrwtdy  nu-ntiom d^^l 
Ihc  uae  of  Buch  watrr,  for  Wiv  jmriM«.i*  of  washing,  in  nltrndcd  with  a 
gr«al  lo»»  of  soap.  J*oihT»,  in  which  itnch  walvr  is  hrntnl,  Kprcdily  t  «- 
ooua*  linwl  with  a  ibiik  ptniiy  ini-ru»tation.«  Ihe  U-autlful  utalactitic 
iunroAtalionH  of  linni'ioni!  CAvtTiu,  nnd  the  deposit  of  cale  ainler  or  tia- 
vt-rtin  \\\ny\\  vjirioiui  objeots,  and  ujion  the  ground,  in  uinny  pla<'t'!»,  are 
rxplainiHl  by  lli«  aolnbi^ity  of  calciuiu  cnr1x>iiati<  in  water  containing  car- 
bonic acid. 

Cry&tallizeil  cuh-iuni  oarlionutu  Is  dimorphons  :  cnlc-spnr  and  nrrngonitc 
Klthougit  iMMftittsing  exaeily  tlie  saniu  ehi-niieal  cttnptfeitiin,  liave  iliber<nt 
cryMallinc  foriUM,  dilfKreiit  denHiti4^ti,  and  diCi-rcnt  optital  pnpertiva.  Hose 
hiw  ftbfe^rved  that  cnb.-inni  eiirlK»nnt«  jippi-nrH  in  the  K ini  ol  tnlc-Ppar  when 
de|Kittiti.'4i  from  jt>t  solution  in  wnti-r  containing  eatl«inic  acid  at  theviili- 
nary  trmjKTArnre,  At  Ul.o  c.  (Ht-i-  l'.),  and  on  el»ulHlir.n,  however,  it  ia 
eliielly  dcp<j«it**d  in  tho  form  of  arrngnnitB  ;  at  lower  leniperalurts,  lliu 
fnrrtiation  of  arrAgi>nito  d4'ereajie»»,  wliilst  that  of  eub'-spnr  incrrann,  tlii> 
liiuil  for  the  fonualion  of  Ihu  former  variety  being  between  31^  and  uL© 
C.  (HOO  H„d  12-^0  K.).  W 

Calc-spar  oeeur.-.  verr  abnndantly  in  rrystala  dorlrcd   frrm  an  obtns^H 
rhomltohoelrou,  whcwu   anf;b-a   measure    luii*^  ft'  and  lAP  55':    Its  dennity 
varieB  from  2.5  to  2.8.     Tii«  rare»-  variety,  or  arragonite,  is  found  in  er^s- 
tals  wiuMf  prininry  furnt  i5  a  right  rhombic  prinut,  a  figure  having  nn  giiH, 
uivtrieai  rcdation  to  iht*  preceding :  it  !»,  be«ido«,  heavier  and  harder. 

Caloinm  Fbosphatet. — A  number  of  rlifttinct  calcium  oalta  of  ph 
pboric  iieid  are  kuiiwii.  'J' wo  irifnttic  pltosfifmte*  or  arthtfyhisjihittt*^  Ca^fl'di)* 
and  f'(in(rO,),  are  pHnUieed  when  tlo't-orr^-sponding  aodimii  Halts  are  adilid 
in  aotution  to  ealeiuni  ohluride  ;  the  flr^t  iiii  nlightly  erytttnllinc,  and  the 
woond  gelntinnuit.  When  thy  rtrHt  plicwphnt*'  !«  digenteci  with  nnimonia, 
or  diftrtolv^-d  in  acid  and  re-pretipitnti'd  by  thtit  alkali,  it  in  eonvi  rled  into 
the  dccond.  Th«  ciirlh  of  Umes  c«nsi«la  principally  of  what  nijjiearp  In 
b«?  a>^>uibination  of  thwe  two  salts.  Another  t»rthophoj*pliivti',  t':in,(l  0,),, 
is*  formed  by  diHtiolving  either  of  Ihi*  preoerling  in  phi«|dn>rii,  hydro* hlo- 
ric.  or  nitric  acid,  and  evaptirutin;;  until  the  s/dt  }i<>p:iratei^,  on  cooling,  in 
tmmll  platy  cryatals.  It  is  the  siibstnnce  which  ^ielUj*  plios|dioru»  when 
heat(.*4t  with  charcoal,  in  the  onlinary  pr«K'*«s  of  manufactu^<^  livforo  de- 
Bcribed.     Ptfropltosphala  and   A/ctitphotpfmies  of  calcium  also  exist.     Tliese 

•  Mnoy  propoials  hive  been  mid*?  to  prevent  tho  formntlon  of  liollrr  deiiovKi. 
Tlic  mont  efflplpnt  nppMr*  to  Iw  the  meltiod  of  Dr.  Rittrrbflnd.  whii-fi  con»litit  in 
1hmwin-t  into  rri^tioilrr  a  «mr%U  nimntifj-  ot  •i%I-ammonlftr,  wherehjr  cArbonnle  of 
Mmmonlx  I*  f<trractl,  whlcfi  i^  voIaHIIxwI  with  the  PTef»m,  rrtlrhim  chlortitu  rrmaiD- 
IriK  In  «nliifion.  U  necl  acnrcolv  b*^  mentioacU  that  thli*  phm  1«  i»i»|«phc«ble  in 
the  caw  of  prrmnaeDtly  bard  wnteis. 
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ftphltat,  ikltUough  iiiMithililf  in  w.iItT,  <iu(»nlve  n^oililv  in  dilute  nrids, 
in  ftovtlo  KC(U.     Tlif  miiiornl  it/'ttiif  is  chielly  culcium  phuHpliatv. 

Chloiide  of  Lime;  Bleaching  Powder. — When  calcium  h.vfir»U>, 
|[Vvr>  Allttlitly  luiiuit,  bi  vxfKiwl  u>  chhjriiie  gas,  the   latter  is  readily  hIv 

trlhul.  M\*i  «  »^iu()ouutl  |inHlu«*«d  wbich  is  thu  bk'acbiiij^  p(m-il«*r  of  oom- 
irriv,  «n(l  iit  now    mM  i»tt  au  iiuiufiMe  seal*?,  for   bl«achiiig  liii«*n  and 

►H'tu  ^iNv«l.'<.  It  t<4  riM|tiit(jtv,  ill  |iri'i>,iriiif;  thi»  Hulwiancv,  to  avoid  all  t'l**- 
[Atioii  4>r  l(Mn|)«>raturx\  wliiih  may  Ih^  t^adily  ilom*  by  ain»plyin);  lltt*  chlo- 
Fhii*  atuwLy   in  llio   lirvt  iustaiut*^     The  prixluct,  when   frt*sihly  and  wtdl 

i'|»ar(s|.  )»  ttji.iti,  whiii-  piiw.ifr,  which  attracts  muitfturo  fmm  thu  air, 
Hud  «'xliali»»  an  mU>r  Sfiisibly  ditferfut  from  that  of  chlorine.  Jl  is  s*duble 
iit  about  10  purls  of  naler,  the  unaUcnnl  hydrat-j  bviug  Itjft  U-hind  :  the 
a  ihiUou  in  hi«lily  alkaliun,  and  bl.-acht^  fwWy.  Wht-n  oalciinn  hydrate 
it  !(Ufi|Mind«'d  lu  eohl  water,  and  diloriiie  gas  truiiamitUHi  thrvuph  tht-  mix- 
tun',  the  Ihne  U  gradiiAlly  di5si'lvi<«l,  and  the  same  peculiar  i>h*;uhiiig 
etiiMpmind  priMlueeU  ;  the  alkali<>.  aIi^m,  either  cauMlic  or  carNjiifti'-d.  niny, 
by  KiiiiiUr  nieniitt,  hv  made  to  alworb  a  large  quaatity  of  chlorine,  and  give 
ritte  to  correMpundiug  otuupuauda ;  auoh  are  the  "disinfecting  solutions'* 
iif  l^barrai(Ue. 

Tho  ciiuipiMition  of  bloAcUing  powder  ts  represented  by  the  fonnnia 
CaO<!l,,  and  it  waj*  fi»nuerly  stipp4>se<l  to  be  a  ilirw-t  eoiuiKmmi  of  lime  with 
chhtrine.  This  view,  lumovur,  is  not  eimsisteut  with  itu  reactions,  for 
when  didtilbM  with  dilitUi  nitric  acitl,  it  rt-adily  yield?*  a  di!*linjite  of  aque- 
ous hypoclihirouH  acid,  and  when  treated  with  wuler  it  is  rebulved  into 
chloride  and  hypochhirite  of  calcium,  tlie  latter  of  which  may  be  »eparali:d 
in  oryslal.H  by  cxpo^-iing  the  tillertHl  Hnliitum  to  a  freezing  mixture,  or  by 
evaporating  it  in  a  voiiuuu  over  oil  of  vitriol,  and  leaving  the  dense  troxen 
maits  to  (liaw  upon  a  Hlter.  A  solution  of  calcium  chloride  mixnl  with 
hypochlorite  then  passes  through,  and  feathery  crystals  remain  on  iJui 
filler,  very  unstable,  but  ouwisting,  when  rec»rnlly  prepared,  of  hydral.-d 
DHluiiim  liyp<M-hlorite,  C:i((^>Cl), .411,0.*  'i'hes«s  r<>nulta  Hevm  at  tii-»l  sight  tg 
show  that  the  bleaching  powder  is  a  mixture  of  cUloridtf  and  hypocliJorilv 
uf  calcium,  furmctl  ainxirding  to  the  miuatiun, 

2CaO  +  Cl^  «  CttCl,  -f  CaCV>,: 

hut  if  this  wore  it«  true  constitution,  the  powder,  when  digested  with  alo*. 
liol,  ought  t<i  yield  a  solution  ofcaleiuniihloride  containing  half  the  chlorine 
of  the  origiuat  compound,  which  is  not  the  casn.     Ita  constitution  is  thert^- 

fore  Uiller  represented  by  tho  formula  f*<^vp]   suggested  hy  Pr.Odling^ 

tbifl  molMulv  Iwing  deiTimpoKtM:!  by  water  into  chloride  and  hT]toehlorit« 
in  the  manner  JUHt  explaim^l,  and  yielding,  with  dilute  nitric  or  sulphu- 
ric acid,  a  distillate  containing  hydrochloric  and  hyjHichlorous  acids  : — 

CaCI(Ori)  -1-  211X0,  =  Ca(N(),),  +  lU'l  +  IICIO. 

\Vho!n  the  lemperalnre  nf  tlie  cnloiuin  hydrate  ha»  risen  during  tho  al^ 
Borptinn  of  tht»  clilorin**,  or  wlieu  the  c<)mi»ruind  hns  lieen  Auliseciueutly 
exposed  lo  heat,  its  bleaching  pmpertit?j»  are  impaired  or  altogether  de- 
stroyed: it  then  contains  chlorate  and  ehlorhle  of  ralclnni :  oxygen,  in 
v&riablu  quaulity,  is  usually  set  free.  The  same  change  seems  to  ensue 
.by  long  keeping,  even  at  the  common  tem|>erature  of  the  air.  In  an  ojien 
lYe*aeI  the  uomiKmud  is  8pe».»dily  dec(^uiiKiHe<l  hy  the  earl»onic  acid  of  the 
flUr.     Commereiul  bleaching  powder  thus  c<uistantly  varies  in  value  with 

8oe.  Journ.  1876. 
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{tt  agv.  tnd  Kith  the  care  orifiiuill/  Wtiuirwi  ifton  its  preparation:  the 
Im^I  mnj  (vntain  abuat  30  per  crnt.  of  arailablr  c}ilnnnf>,  rasi)^  Ub^ratod 
by  an  acid,  which  is.  however,  far  short  of  the  thi'oroticAl  qnontitjr. 

Thi*  fTt^D^ral  ni«thod  in  whioh  ihla  suWtanov  it  «*iDpluy(fd,  fur  bleaching 
is  tU«  fullowiug  !  Th4*  pKKJa  ar«-  first  inifn#*nt*-<l  in  a  dilntc  Mtlution  ni  chlo- 
ride of  liiuL'.  and  then  tr&nttferrt^]  U*  a  vat  containing  dilut<*  sulphuric  aoid. 
l>i>4iirit|Mi!>ilion  en>u«f;  the  caU'ium  Imth  of  tin*  hvpoi'bU>ritt'  and  of  the 
chlnritl*i  tH  (xmrerttNt  into  iiulphatp,  white  the  frcv  hypocJilorous  and  hydro- 
dtilurio  acids  yield  watvr  and  fre<e  chlorine : — 

can,o,  4-  ran  J  +  2h/o.  »  acaso^  +  2Hno  +  2Hci, 

and  nClO  4-  HCl  s  H,0  -|-  CI,. 

The  chlorine  tliun  dis**ngagpd  in  eoatAd  with  the  clnth  ranses  deal  ruction 
nf  lh«  colorin;;  mattfr.  Th»*  procMS  Ei  repeated  urcral  timMf  iinca  it  la 
unsafe  to  uav  8Crr>iig  »oln1ions. 

On  the  same  j<rinniplp.  while  patttrns  are  imprinlcd  upon  colored  cloth, 
the  flgurM  being  atampiHl  with  tnrtarir  arid  thick*'n*M  with  (fnm-walcr, 
nnd  thi?n  the  sttnif  imnwr^t**!  in  tlic  t-hl>>rine  >»nth,  whrn  the  parts  to  which 
no  ai*id  haa  been  applied  rt;main  uualicrcd,  while*  the  printe^l  puriiuns  are 
bU*ache«l. 

Pur  purifying  an  offcnsire  or  iufections  atmosphere,  a»  am  aid  to  proper  ren- 
tOtition,  the  bleaching  i>owder  ifl  vvty  convenient.  Tlio  Bolution  ia  exposed 
in  «hal)nw  resArla,  or  t-lothit  steeped  lu  it  are  KUHpendi'4l  in  the  apartment, 
when  the  cartictuic  acid  of  ihu  air  slowly  di.-i-i>ui|K;tii«  it  in  the  manner 
aliove  described.  Addition  of  a  atruug  acid  uauKes  rapid  disengagement 
of  chlorine. 

The  valae  of  iny  sample  of  bleaching  (lowder  may  be  easily  determined 
by  the  following  method,  in  which  the  feebly  cumbiued  chluriue  is  esti- 
mated by  ita  etftfct  in  oxidiiing  a  ferrous  salt  lo  ferric  salt.  2  molecules  of 
ferrous  oxide,  FeO,  requiring  for  this  porpoae  2  atoms  of  chlorine  :  the  lat- 
ter acts  by  dtH'oinp'«trig  water  and  lib<-ratiug  a  correi^ ponding  ijiiantity  of 
oxygen.  78  (more  correctly  7!*. 16)  grains  of  green  ferrous  sulphate  are 
dissolved  in  about  two  ounotv  of  water,  and  acidulated  with  a  few  drops 
of  sulphuric  or  h^drochluric.  aci«l  :  this  i^iiantily  will  reijuire  for  oxidation 
10  grains  of  chlorine.  Fifty  grainn  of  the  chU«ride  of  lime  to  be  exHrniniHl 
are  next  rubbed  up  with  a  little  tepid  water,  and  the  whole  traUHferrwl  to 
a  burette  (p.  310),  which  is  then  fllltnl  up  to  U  with  water,  after  which  ihc 
ronteuls  are  well  mixed  by  agitation.  The  liquid  is  next  gradually  poured 
into  the  solution  of  iron,  with  conMtsiit  stirring,  until  all  the  iron  is 
brought  to  the  state  of  ferric  salt,  which  may  be  known  by  a  drop  censing 
to  give  a  deep-blue  precipitate  with  potassiinn  ft-rrieynnlde.  The  numlier 
of  grain-mea.^nri'ji  of  the  chloride  solution  employed  may  then  be  read  off: 
»ince  these  must  ctrntain  10  grains  of  servirenble  elilurine,  the  quantity 
of  the  latter  in  the  50  grains  may  be  easily  reeknnetl.  Tims,  snppoae  TA 
inch  meaaaree  have  been  taken :  then 

Memstir«a.       Gra.  Chlorlae.       Measures.       On.  Chlortne. 
72  10         ^  100         :         13.89 

The  bleaching  powder  eontaiiw  tlierefore  27.78  per  cenl.» 

Calcinm  Bnlphldes. — Tlie  monopulphide,  CaS,  is  obtained  by  reducing 
the  sulph.ile  at  a  high  temperature  with  rhareo.il  or  hydrogen  :  it  i»f  nearly 
colorless,  and  but  little  soluble  in  water.     By  boiling  together  calcium 
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•  Qrshim's  Elements,  voL  I.  p.  tTZ.    For  othtr  netbodi  see  Watls»B  Dictionary 
of  Cheinlatrr,  1.  p.VH. 
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hydratOr  water,  and  flowers  of  sulphur,  a  rtMl  solution  Is  obtained,  which, 
(jD  cooling,  d*^p(isits  crystftls  of  the  bisnlphiiU*,  L'aS^,  contnining  water. 
Wht'U  tUi!  sulphur  in  in  excos^,  ami  the  boiliug  long  i-vrntiniied,  a  pi*n 
^lulphide  is  geuuratoil :  tliiutjulphuriu  uciU  ih  furmed  lis  usual  during  th 
rtractionn  : 


;er^H 

] 


When  the  yellnw  flolation  obtftined  by  boiling  litn«  with  excem  of  si 
phur  i&  p<mr«d  into  an  fxitf^s  of  liydrxwhloric  «dd,  sulphur  Is  pret^ipitaiod 
lugt^thnr  with  a  yellow  oily  Ikjuid,  which  is  hydrogen  p»ntulphiilv  (p.  2*.U)  ; 
JHit  if  ihe  acid  he  pourtjd  into  tho  tMjlutinn  ui  uakiuui  sulphide,  gftst-oiis 
hydrogen  sulphide  \h  giv>Mi  off,  and   the  whulu  precipiLatu  furmi-d  cont^ists 
whiilly  of  lUK-ly  divided  sulphur,  iha  aulphar  prtxci^uUttum  \d  thu  Fbariua*,    . 
cupoeia.     if  dilute  aulphuric  acid  ia  us^,  the  preclpliatts  alao  ountaindU 
gypsum.  ^^1 

Calciam  Phoaphlde.— When  vapor  of  phosphorus  is  passevi  over  frag- 
nu'UtK  ul  Iniic  ]i(-at4*d  Ui  rt<«lut^HS  in  a  |N>ri^L>lMin  crut-ilile,  a  uhuculntt^-briiw  n 
ooin|HJund,  lliu  so-cAlluti  ftftonpiiurtt  »/'  liuitt,  is  priKliiutMi.  This  sut>HtAiuN>  is 
probably  a  mixluru  of  cukiiiin  plKtsphidi-  and  pli<«4phutv.  Wht'n  tiirowu 
into  water  it  yivlds  H]Hmtaneously  inllanunnlkln  hyilrogcn  phn»ip|iidf.  Ac- 
oonting  to  Paul  Tb6nard,  Ihv  iMiJeiuiu  pliuHphide  in  this  compound  has  tha 
ooiiiposition  P,Ca,.  In  contact  with  wat4M-  it  yields  li4uid  bydrogou  ph< 
phide,  P,1I<  (p.  218). 

r,Cft,  +  2H,0  «  2CaO  +  V^^: 

and  the  gnMiter  portion  of  this  Il4uid  phosphidt*  is  immediately  deooi 
posed  iuto  solid  and  gast*ous  hydrogen  phoi(phi>le  ;   51',iij  =  1*^11,  -f-  tipt 


Reartiomi  nf  the  AlhiUne  Earih-mrtnU  in  m^ution. — Barium,  strontium,  a 
calcium  arti  thus  disLinguishud  from  uU  other  suhstanoefl,  and  from  eaah^ 
otht>r. 

Catuitic  f^ftfuh^  when  free  from  carbonate,  and  caustic  ammonia,  oi%:asion 
no  pr»%-ipilfttrs  in  Mtutc  solutions  of  the  alkaline  earths,  e«i>eciaity  of  tho 
first  two,  Ihi'  hydrates  being  soluhK*  in  water. 

AU-ultne  carboiuitfjt,  and  rarbnnatr  uj  ttimnmnium,  give  whit*»  precipitates, 
insoluble  in  exc««s  of  tht»  precitant,  with  all  thrw. 

Suiphwrir  acid,  or  a  wulftfuUf,  added  to   very  dilute  solationa  of  the  sal 
of  tht>iuf  melaU,  gives  an  immediate  white  prceipitate  with  barium  salta 
a  similar  pi-iwipilate  after  a  sliurt  interval  wilh  vtrmu-ium  salta  ;  and  ov 
ainn»  im  change  with  ealoium  rtalta.     The  pr«>tMpitat<*fl  with   barium  a 
strontium  salts  are  iniK'luble  in  nitric  ai-id. 

Solntinn  of  micium  suijihutr  gives  an  instantaneous  cloud  wilh  barium 
salt}*,  and  one  with  strontium  salts  after  a  little  time. 

StroHiititn  suIphtUc  is  itself  sufficiently  soluble  to  occ4U{ion  turbidity  when 
uixe<l  with  twrium  chloride. 

Lastly,  the  soluble  oxalates  give,  in  the  moat  dilute  solutions  of  caldun 
salts,  a  white  preeipitnte,  which  is  not  dlst^olved  by  a  drop  or  two  of  hy- 
drochloric, or  by  an  excess  of  aoelio  acid.  This  is  an  exceedingly  charao- 
tcrislic  test. 

The  chioritics  of  ttronfiiim  and  ralriinn,  dissolved  in  alcohol,  color  the  flame 
of  the  latter  red  or  purple  :  ttartum  $a{t9  oommuuicate  to  the  llame  a  pale 
grefls  tint. 

Siiirofitumc  acid  gives  a  white  precipitate  with  bftrium  aaJta,  mmu  wit 
salts  of  strontium  or  calcium. 
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APPENDIX   TO  GROUP  I. 

METALS  OF  THK  EAKTUS. 

Tbr  mHtaU  Iwlon^iii);  to  thb  Kmuj)  arv  bcrylliutu,  yttriuni,  *?rbiuni,  Ij 
thantini,  dl<l/iniufn,  e«'riuu,  ■hiiuiiiiuiii,  xiroouitini,  ant)  thurftuim.  Iter 
lium  is  a  dyad  ;  yttriuni,  erbiuui,  laiitliaiiura,  didymiuui,  and  cvrium  i 
llio  c«r<iti!i  i:unipoiuidA),  havu  liithorU)  been  regarded  an  dyada  ;  but  reei 
ub(it«rvati<iti!i  have  shown  (hat  tlicy  arv  mori'  probably  triads.  Aluiulxiiui 
i»  alto  a  triad  :  lirconirtm  and  thorinuio  are  tetrads.  All  tbeira 
form  Oxidea  of  earthy  character. 
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ALUMINIUM. 
Atomlo  weight,  ST.4.    Symlwl,  AU 

Tkib  nMtal  nocars  vpry  abundantly  in  nature  in  the  tttate  of  silicate, 
in  felspar  and  its  aA50cial<Ht  uiinvraU  ;   also  in  the  varies  luudificatioua  uf 
olay  ttiHnct^  derivi^.     It  wod  AfhI  isolated  by  Wohlrr,  whu  ubtaux'd  it  uh 
a  gray  pon-der  by  decoiupoHiug  aluiuiniuui  chloride  with  itotasdium ;  and 
H.  Saiiittf-Cl:iir«   DeviLle,  by  an   iiuprovcnl   prot^-^ii   founded   ou   the  aauw 
principle,  has  siicceodi^  in  obtainiDg  it  in  thu  compact  form  and  on  the 
manufacturing  Kcnle.      Tho  process  oonsistx  in  dtwonipoHiug  the  doubla 
chloride  of  aluminium  and  aiHtium,  AlClj.NaCl,  by  healing  it  with  uititatt 
oodium,  fluor-ttpar  or  cryolite  biMug  adduU  aa  a  flux.     Tho  rmlueliuu 
«ffect«d  In  crucibles,  or  on  the  large  scak*  uu  thu  hearth  of  a  reverU>ratu 
fornaoe.    Sodium  la  naud  aa  the  reducing  agent  in  preference'  to  putiuifiium 
first,  bevauML'  it  is  mure  I'atiily  prepared  ;   and,  Sf*oondly,  U'cauMe  it  has  a 
lownr  Atomic  weight,  ami,  conHeniieritly,  a  smaller  quantity  of  it  suffioea 
to  do  the  flame  amount  of  chemical  work. 

Aluminium  ia  also  prt>pan.>d  directly  from  cr/olite  by  ntluction  with 
Bodium,  but  the  metal  ihud  obtainiHl  in  ttajd  to  be  uioro  contaminated  witlt 
iron  and  HJlicum  than  that  prepared  by  Devillo's  proceas. 

Aluminium  is  remarkable  for  its  low  sptjcific  gravity,  which  Is  2.6:  H 
nearly  as  white  aa  silver,  and  is  capable  of  ajwuming  a  higli  [Miliah.     It  _ 
employed  in  the  manufacture  of  delicate  apparatus  and  ornaniontnl  article. 
Some  of  the  alloys  of  aluminium  promise  to  become  more  genprallv  appll 
cabU',  more  espeiially  tlio  alloy  with  copp^T,  which  is  remarkable  for  bei 
similar  in  appearance  to  golil :  thia  alloy  is  found  in  commerce  nnder  tl 
name  of  aluminium  bronze. 

Aluminium  forms  only  one  class  of  compounds,  In  which  It  is  Iriralent, 
one  atom  of  the  metal  Iwing  equivalent  to  three  atoms  of  hydrogan  ;  th 
the  chloride  is  AlCl,,  the  oxide,  Al,0„  eto 

Alnmlnfnm  Chloride,  AlClj.— ^Thls  compound  la  obtained  in  solntlon 
by  dissolving  alumina  or  aluminium  hydrate  in  hydrdcMoric  arid;   bu(.H 
Uie   Mduiion,    when    evaporated,    gives  off  hydrocliloric   acid   and    leavecSj 
alumina.     The  anhydrous  chloride  may  bo  prepared  by  heating  a  mixture  ■■ 
of  alumina  and  finely  divided  oarlwn  in  chlorine  gas. 

Pure  precipitated  alumina  is  dried  and  mixed  with  oil  and  lampblack, 
and  the  mixture,  after  being  strongly  calcinod  in  a  oorerod  oruoibl*  *- 
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intrtxluoed  into  a  porceUin  to  lie  or  tubulatml  earthen  retort  pl&tjed  In 
furnact',  and  oonntHi'tod  at  onr*  I'Hcl  with  au  apparatus  for  evolving  cliU 
riutf,  autl  at  the  otIiKr  with  a.  dry  reri-iv^^r.     (.>n  rai^iii^  the  hvat  to  briglil] 
rednes^i,  anil  pAs^ing  I'hlorine  tlii-ittigh  tlu*  apparatus,  aluminium  chlurnle 
dialU:)  over,  t'>g>.'lhi-r  witli  carbon  tuonuxid*.',  unU  condt'iueB  oa  a  solid 
in  the  rt'Cvivtir  :— 

A1,0,  +  C,  +  Cl^  =  2Aia,  -f  SCO. 

Aluminium  uhloriflf  is  a  trauHpurent,  waxy  Hubstauce,  liaring  a  cryi 
taUiiie  lilruoturu,  cttlorlt'B^  whtrn  puro,  but  ^ouiTJilly  exhibiting  u  yt'lKM 
<MLi)r,  duo,  pt:rh»pd,  tu  the  prvt^t^nce  uf  iron.  IL  Uubt  at  aUmt  IBU^,  fuui 
iu  tUu  uir,  mid  siuoIIh  i>f  hydrm^hloric  acid.  It  in  very  didique^vrnt,  an 
diai»«lv<«  rvadily  in  wntrr  ;  the  KQlutioii  wbuu  U<ft  to  ovai>iirati*  yiiddt>  thi^ 
hydratfd  chloride,  AK'lj.tUljO,  in  tiix-!tided  prittms,  whiiUi  whtu  lit.att 
jtfe  redutvml  iulu  uluiitiua  anrl  hytlroclilnrit:  acid. 

AluminiuiH  iiiui  StHhum  Vblnritlf^  AH'Ij.NnCI,  is  ohtaine<I  hy  mvUInK 
tosother  iht*  comjHment  olildridrs  in  proper  pn^porlioni},  or  by  a<tding  the 
requisite  qu:ititily  of  sttdiuiu  diloriilo  to  the  mixture  uf  aluuinia  and  char*^| 
coal  UHtHl  for  the  preparation  of  aluminium  chloride,  ignitiiit;  the  maati  in^|| 
ehluriue  oT  hydruehluric  arid,  and  ciindMiiHing  the  rapur  in  a  ri*coiver.  It 
is  a  eryKtalhne  mnHs,  Ifcm  delique84:jint  than  aluminium  chlorido,  aud, 
therefurL',  more  c.mvenieut  for  the  pruparatiuu  of  aluminium. 


Aluminitim  Flaoride,  AlFj,  is  prr»duced  hy  tho  action  of  gaseous  silicml 
fluoride  on  aluminium,  and  forms  oubio  crytttaU,  volatilizing  at  a  r«xi  huitt, 
hiHoluhle  hi  water,  and  re^iisttng  tlu*  acfion  of  all  aci'b). 

AiwniuiHtn  and  Sodium  Fluoride,  AlI'j.liNaK,  orrun*  abundantly  a«  cryo- 
lite, at  Krigtok  in  Greenland,  and  is  prepared  nrtilloially  by  pouring  hy- 
drv»11uorie  a*-id  iu  excess  on  a  mixturi'  of  ealeim-d  alumina  nnd  S'wlium  eiir- 
Ifinate.  Cryolite  fortus  quadratic  crvHtals,  colorless,  trnnRprrent,  Bolter 
than  felspar,  and  of  siwH-ilic  gravity  2.!>(i.  It  is  ub«1,  na  alrL*aily  ni<'ntion'Ml, 
for  the  prepar.ilinii  uf  aluminium,  and  in  Germany  for  thu  manufacture  of 
liiNla  fur  the  uKt!  nf  au:tp-l>t>ilcrs. 


il 


Aluminium  Oxide. — Alumina,  Al/>j. — ^Thifi  Hulwtance  i8  infprrod  t^l 
be  u  aesquioxid^  from  its  i^^omoi-phism  with  f<-rrir  oxirle.  It  Ik  prc^parod 
by  mixiug  a  solution  of  alnm  with  excess  of  ammonia,  by  wliich  an  ox- 
Ireniely  bulky,  white,  gel.'ititious  precipitate*  of  nluminiutn  hydrate  it 
thrown  dtiwu.  ThiH  is  woiihed,  dried,  and  ignit»*<l  to  whitenejis,  Thna 
obtaiiu'd.  ainmjiia  constitutes  a  white,  tasteUi*s.  coherent  !nn*»,  'ek^ry  little 
aeti^l  u[>on  by  aeirls.  It  is  fusible  Iwfure  the  oxy-hydro((i'ii  blowpSjM*. 
The  mineral  calh^  mntndum,  of  whloh  the  ruhy  and  sapphire  are  trani* 
parent  varhdies,  ronsistJi  of  nearly  pure  alnniinn  in  a  cryatalUztMl  atato^.j 
with  a  little  eoioring  oxide:  emery,  used  for  polii«hing  glaii«  and  mctala, 
Is  a  coarse  vztHety  of  corundum.  Alumina  is  a  very  feeble  bate,  and  Ita 
ftalts  have  often  an  acid  r«aclion, 

Aluminiuta  flyilrntra. — Alnmlninra  formn  three  hydrates ;  namely  ; — 

Monohvdrale AIIIO,      or  A1,0,.  H/) 

Dihvdrate Al,l[,(\    or  Al,<\.2IU() 

TrihydratH Alii,0,    or  Al,0,.3HiO  . 

The  monohydrate  Ih  found  native,  as  diuMporr,  in  translucent  masH«4fi,  whtolt.] 
crumble  to  powder  when  heated,  ami  give  off  the  whole  of  their  water  at  J 
3G0O  C.  (tJSfiO  F.). 

The  triksdruta  is  the  ordinary  gelatinous  precipitate  obtained  hj  treatii 
•olniions  of  aluniiuium -salts — alum,  for  example   **-■*'*  aounonia  or  alki 
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carbonateft*     Wht*n  dried  at  a  moderato  heat,  U  forms  a  soft  friable 
which  mtlierea  lo  tht;  tongue  and  forius  a  Htiff  |Huit«  with  wati*r,  bu|, 
does  Dot  di.'uiiilvr-  iti  that  Mtjiiiil.     At  a  strung  hmI  hi-at,  it  jrivi'tn  ntT  watori 
and  itnd<;r((<H'R  &  vt.*ry  grf«i  t-iiulrattion  nf  voIudu*.    It  diBa<>lv*<6  with  jirrui 
fairilitv  in   ut-itta,  and  in   liir  tixtMl  caiiittic  ulkalim.     VVheii  u  Holutioii 
alnniina  in  imiuiiic  jiotash  in  i*x|Xi«(Hi  to  thii  air,  the  potash  aVAorbn  caiv" 
bonic  aeid,  and  the  aliiminiura  trih>'drat«  i»  then  d^'pcaited  ia  white  erya- 
tals,  which  are  hot  sjiaringly  sohiblt^  in  acidfl. 

Aluaiintnm  Irihydratv  ban  a  very  jMiwerful  attraction  furorgonic  matttfir, 
and  wlirn  di>;<*htH^1    in   solutions   of  vegr*tablo   ailoring  matter.  combiiit*8 
with  and  earriert  down  the  coloring;  mAtt<*r,  wliioh  is  tliu»  removed  t^ntiroly 
from  ilie  liquid  if  th»  alumiua  itt  iu  sutBt-ifiit  qunnrity,     Tht>  |iiptiiontfi 
call*^  ialfd  are  oomjwundd  of  this  nature.    Thu  Abrtt  of  otttini  iin|irug-      ^ 
noMti   with    atiunina    atxiniren    Ibn  namo    powor   of    rotiiining   colorinc^H 
niHtt«ni :    hvnce  tho  great  osv  of  aluminous  sulta  as  mnrtiantM  to  produot^^ 
fast  colorfi. 

Aluminium  trifaydrat«  oconn  native  as  Gihhntt,  a  Btalnrtitio,  traua- 
lucent,  tlhroUK  mlnoral,  <>a»ilv  diHaolvM  by  oi^idft. 

IH/tylrafr. — \Vhi*n  a  dllutt^  Rolntion  of  aluniiiiium  diacfltato  ia  expoapd 
for  iwveral  days  to  a  teiniif  r.iturt)  of  lUU'-'  in  a  oloee  vcsiel,  the  acetic  add 
»p«an  to  bt^  n**t  frtu>,  although  no  prccipttalion  of  alnminn  tAkcn  plave. 
Tba  liquid  aLxjaires  the  laittu  of  acetic  acid,  and  if  afterwaida  Imilod  in  an 
open  veMMl,  ?<ves  olf  niiarly  the  whole  of  ita  acetic  aciil,  the  alumina, 
Dererth«ltiefl,  ramainiog  in  solution.  This  solution  is  coagulatc-d  by  mine. 
ral  acids  and  by  most  vegetable  avidR,  Ity  alkutics.  and  liy  dt^coctions  of 
dye-woods.  The  alumina  oontaint'd  in  it  in,  howovrr,  no  lunger  raimhle 
of  acting  as  a  mordant.  Its  ooagulum  with  dye-woods  has  the  ootor  of  the 
infusion,  but  is  translucent  and  totally  diflerent  from  the  dense  opaque 
lakes  which  ordinary  alumina  fonw>  with  thr  same  coloring  matters.  On 
•Ta(K>rating  the  solution  to  dri'neM  at  100^  C.  (212°  F.),  the  alumiua 
remains  in  the  form  of  dibydrate,  retaining  only  a  trace  of  acetic  acid.  In 
this  Btatc  it  is  Inaolablo  in  the  stronger  adds,  hut  soliihle  in  acetic  acid, 
provided  it  has  not  been  previously  coagulated  in  the  manner  just  men- 
tioned.    Boiling  potash  converts  it  into  the  trihydrate.* 

AiuminatrM. — The  hydrogen  in  aluminium  irihydrato  may  be  replaced 
by  an  e<|uival''nt  quantity  of  various  inetaU  ;  such  oompotinda  are  call»«d 
aitiminntf*.  According  to  Frfimy,  a  solution  of  alumina  tn  potatth  slowly 
evaporated,  out  nf  contact  with  the  air,  deposits  granular  crystals  of 
potiisAiutn  alnuiinnte,  AlECO,,  or  AI,0,.K,0.  Similar  componnda  occur 
naiivi*;  thus,  S/nitfU  is  an  aluminalo  of  magnesium,  Al^MgO^;  Gc 
an  alaminate  of  xinc,  Al^ZnO,. 


goAmte. 
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Alamlninm  Sulphide,  -A1,S,. — Wli^n  the  rapor  of  carbon  blstilpl 

is  passi>l  over  alumiua,  at  a  bright  r-nl  h**a1,  a  glassy  molted  mass  rrtunins, 
which  Is  instantly  decftmjtoaed  by  wnt-'r.  with  evolution  of  Kiilphurctted 
hydrogen. 

Aluminium  Sulphate.  AI/Sr>,),.18H,0,  or  Al,0,.:iPO,,.lHH,n.— Pre- 
pared hy  saturating,'  dilute  sulphuric  arid  with  nlnininiimi  hydrate,  and 
eTaporating  ;  or.  on  ihf  largo  scale,  by  heating  clay  with  sulphuric  acid. 
It  oryitnlliies  In  thin  pearly  plates,  soluble  In  2  parts  of  wati-r  :  it  has  a 
sweet  and  antringont  tast«,  and  an  acid  reaction.  Heated  to  r*^dn<'HS.  il  ia 
decomposed,  leaving  pure  alumina.  Two  other  aluminium  pulphatca, 
with  excess  of  ba£e,  are  also  described)  one  of  which  la  insoluble  in  wata^ 
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Aluminium  salphaU  eomblnas  vith  sulphates  of  potaasinin,  ftodtum, 
ait'l  amniuniuin,  and  Iho  oLliur  alkoli-iuntals,  forming  double  sulUi  uF  [;reat 
iiiUM-i'sl,  thif  aluMA.  LVmiiii'JU  ftluiu,  Ihr  souret!  of  all  the  jin'purAtion.s  nf 
KluminA,  •.-ontainiii  AlK(.SO,)j.l:^M|0.  It  i«  inanafai'tarod  on  a  vitv  larae 
Sc^'ilf  frnm  a  kind  nf  »Utv  i-lay  loaili*d  with  iri.m  binnlphide,  whtih  aU^iitids 
In  etTtain  Incalities.  This  is  goutly  ruitstc*!.  and  tht'U  L'X[ioH<->d  to  the  air 
in  a  ulujiitviit'd  slittu ;  oxy^i'u  bi  absorbed  ;  the  sulphur  b^'coniHit  iLcidiHud  ; 
fi^rroiiit  Riilphalo  and  alinniniiim  HulphaLti  arn  produtwi,  and  aftfrwardx 
8(?pariit«*d  by  tixiviatiun  Hritli  watHr.  Thi*  ttnlution  its  next  uuncciitratiHl, 
and  mixfd  with  a  quantity  of  pntossium  chhjride.  which  dffomp»-is»*s  th« 
iron-salt,  fnrrnini;;  ferrous  cldorido  and  poiu&sinni  dulplinte :  thi*  laltur 
coiubtnutt  with  the  ulumiuiutu  ttulphuti*  U>  funu  iduni.  By  crybtullixaLiuUf 
thi!  alum  lit  ttL*parat«Ml  fruui  tho  highiy  soluble  iron  ehlurido.  and  afterwarda 
easily  purified  by  a  rt^peti t ion  uf  thti  procesa.  Othur  methods  of  alum- 
making  are  sounJtirnMi  employwi. 

Putossium-olum  erystallizoit  in  colorlofs,  transparent  octohedrons  which 
often  exhibit  the  facei  of  thu  eubu.  It  lias  a8W«H*tiHh  and  aMtriii^cut  tuitte, 
retldena  liluum-paper,  and  di^aolves  in  18  parts  of  water  at  15.60,  and  its 
cwn  weight  of  bniling  water.  Exp(*H«Hl  to  heat,  it  is  easily  rendered  an- 
hydrous, and  \tY  a  very  higli  tt'inpt-rature  it  i»  d*.tX)nijKisiMl.  The  rrystals 
have  little  tendency  to  ehauge  in  the  air.  Alum  is  largely  uKed  in  the 
arts,  in  preparing  skins,  dyeing,  ete.  :  it  is  oecosionally  cuuluniinuted  with 
iron  oxide,  wliieh  Jntorferea  witli  some  nf  its  applications.  The  fi>lehrale«l 
Roman  alum,  made  from  n/Miii-s(one,  a  felsp&thic  riH>k  altered  by  sulphurous 
vaix)rs,  wa.1  once  much  piiZ4>d  on  account  of  it*  frt.*vdc»m  froui  tliis  impurity. 
A  mixture  of  dried  alum  and  sugar,  carbonizeil  in  an  open  pan,  and  then 
heat)**!  Ut  redness  in  a  gla^s  riask,  contact  with  air  Iteing  avuidi-d,  furnishes 
tlie  /foutftrrtf'H  pffrttfthnntA^  wliiih    i;iuites  st^Ktiitaneoiisly  on  ex|Kisnri'  to  the 

ir.  The  usscnliol  iugredieut  is,  iu  all  probability,  finely -dividml  potu^situa 

ulphide. 

A  prot:e9s  hoA  1.it«1y  U^n  patented  by  Mi»«rs.  Duncan  and  Newlands  for 

separating   the   potash    from  syrups  of  bi^et   und    irane-suunr  by  menus  of 

aluminium  sulphate,  the  {mtash  being  thereby  pri-cipilaled  in  the  form  uf 

alum.     A  S(dulion  of  aluminium  sulphate  of  a  density  tH>rres|xmdiug  with 

bout  27^  uf  Baume's  hyilrumeter,  is  added  to  the  oidd  tyrup  having  a 
density  uf  al»out  'AiiP  B.  in  quantity  snttirient  to  prei-ipitnle  the  A'hole  of 
(he  potash  pn.'sent ;  the  mixture  is  well  stirr<Kl  lur  tifteen  miuu(e>4  to  an 
h'mr ;  and  tb(»  whole  loft  at  rest  for  fimr  or  five  hours  till  the  depottit  Iims 
completely  subsided.  This  de(x>sit  oon.sists  of  small  crystals.  teehnicAlly 
known  as  "alnm-mtwi."  Considerablu  quantitii'S  of  alum  are  now  mud« 
by  this  proeesa. 

So<iium-a!um,  in  which  sulphate  of  sodium  replaces  sulphate  of  potassium, 
has  n  form  and  constilutiun  fitniilur  to  that  of  (tuamon  alum:  it  is,  luiw- 
evcTt  much  more  soluble,  and  dilGoult  to  crystaUixe. 

AaimoniHm-a/HiH,  coiUaining  NH,,  innlead  of  K,  very  rltwdy  riisembles 
common  potA^sium-.-ilum,  having  the  same  flgnre,  appearance,  and  consti- 
tution, and  nearly  the  same  degree  of  solubility  as  that  sulwtance.  It  is 
manufactured  for  commercial  use.  Ah  the  value  uf  putossium-salts  is  con- 
tinually Increasing^  aunnonium-alum,  which  may  be  used  in  dyeing  with 

li<t   sum«i   ivlvantage   as    the  corresponding    poiussium-suU,    has   aluKist 

lUirtly  rep|a<Hvl  the  potassium-alum.     When  heatt»l  to  redness,  siniuo- 

ium-ulum  viebU  pure  alumina. 

r'.r<i»,«^./«m,  AH'sfSlI,),,!:;!!,*),  and   Huhuliiim-itinw,   AlKb(SO  ),.12JI,0, 

resemble  potussium-alum.     A  iilvci'nium,  Al  Ag(t>Oj7.121LO,  is  formnd  by 

heating   etjuiviili'nt   quantities  of  argentic   and   nlumininni  :^ulphati<!<   till 

tho  former  is  di»sotV|:d.     Jt  crystoljixitss  jj)  regulxkr  octohedrons,  and  U 
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r««^IV)Nl  by  water  into  iU  ooinponent  salU.     Thrre  Is  kIko  a  tMattittPt- 

AlTli(HO,),.]:jll./>,  which  i'r>-MtnUixift  in  rugulni- tH'toh^drofiii. 

i.msll/,  tiien;  art'  uluuui  ii>4iiiuirphuiitj  with  thi>»^u  )u»>l  itiirii-ribed,  in  which 
t)u*  Irlvalt-nt  QUiiniiiJum  i.-t  rt|*lai-«'il  hy  trivuh'tit  imn,  t-lirtimitim,  aud 
niaiiicatiede :  for  exuiii]ilf,  iKiiii!j«i<>-fiTri<-  hiilj>liftto  ur  pulnrt^ium-iruu  alum, 
tVKC.SOJj.iaUiU;  amm^mo-diromtc  tmiphatty  Cr(NU J(bt.>,)a.l:MI,U.  Thni« 
wiU  fot'  rli'iicribf)!  further  on. 

tVwothiT  aluminium  salts  present  es|>coial  int«r««t,  exofpt  thv  silicatev  ; 
bui  Ihcao  latter  are  uf  ^rt*at  itn^Hirlatictf.  Silk-attnt  of  aluiuiuiuui  i^ulvr 
into  thu  coniiHwition  uf  a  iiuuiU'rvf  (TyKtaUisvU  miiicrnld.  among  which 
feUpar,  by  r"'a>nn  of  iw  abunclnnt  <>cciirrfiii-T,  inTUpit*);  n  proininciit  plaou. 
(iranitf  porphyry,  trachyiv,  aud  otlit.-r  nndt^nt  un.sirAiilUsI  rmkct,  L-uiuial 
it  part  uf  this  uiiuvml,  which,  uuiiur  pvi-uliar  virrutnstanci-y,  hy  no 
well  uuiU-ntlotMl,  and  particularly  hy  tlu*  action  uf  tho  (-arUmicatnd 
10  air,  Buffcnt  cciui'k'lp  doconi[x>sitii>n,  iM^inje  tM)nv<*rtrti  into  a  soft, 
frtabla  maaa  of  earthy  mnttHr.  Thia  is  the  origin  of  clny  :  th«*  chan^tf 
itifdf  is  fleen  in  gruat  pt!>rfivtion  in  Li'^riaiu  diittrictii  of  X>(*vouHhir«  and 
Orrnwvll,  the  fvUpar  of  Ihi*  llntf  whit«  granii** uf  tliutit'  lu<^alitit«  being  uftvn 
di>*int<'}(rat>Hl  t4t  a  ^tvaX.  d^pih,  »nd  th*<  n>i  k  alt*Tiii  tan  Hulutanou  rrscni- 
hlin;^  iioft  mortar.  By  WRshing,  thin  (hit-ly  dii'id»^i  niaitfr  ift  ftrparaled  from 
the  ■{uarta  and  mien  ;  an<l  the  uiilk-lik*"  liijiild,  I'l-iii^  Mtoriil  up  in  tank», 
de|MmiU  tho  »u.->|i«'ii>l''d  cUy,  whirh  xa  afltrwnrdii  drird,  fir«it  In  the  air. 
and  aftornards  iu  ii  tttovv,  and  tfuipli>y*^l  in  thu  nmniifnuturn  of  jiorurlaiu. 
TUooim|)ositionai«Ai^ni'd  to  unultt-rcd  feUjiar  is  AlKt^i^O^,  ur  AlK^ii<l^.t!Si(>,, 
or  .il,(>j.K,0.6^iO^.  The  t*xacl  iialurt.*  uf  thr  ehnn^t*  by  which  ffUpar 
paaaca  into  |>urcidain  day  iH  unknown,  although  it  evidfutly  uonsiaU  iu 
the  alutractiun  of  silica  and  alkali. 

WliL-n  thv  dtx-oui^KMinif  r«H:k  i^'UilaiuA  iron  uxidu,  the  clay  produced  is 
(xdormi.  The  dilTi^rHnt  variHiitt  of  xlinlf  and  nIaI*^  r*^ult  frmit  th<*  altera- 
tion of  ancient  ulay-betU,  apparently  in  many  iiiKiancxiv  by  the  inilltratiun 
uf  wat<*r  holding  hiliia  iu  Holutinn  :  the  dark  appearanc<e  of  Home  uf  thette 
d4?|>OMit8  18  due  to  hituniinouit  matter. 

ll  in  a  oommf>n  mistake  to  confound  clay  with  alumina;  all  clays  are 
e-$sentially  »ilicdt»_-s  uf  that  base  ;  they  often  vary  a  f;oud  dual  in  oomiwai- 
tiou.  Dilute  ncidfl  rxert  little  action  on  thtitv  c<mipounds  ;  but  hy  bulling 
with  oil  of  vitriol,  nlnniina  im  dit4;«olv'e<l  out,  and  linely  divided  Ktlica  left 
Itiehind.  f'layH  i:x)nt;iinin};  an  ndnitxiure  of  r-alfiuai  carlionnle  are  termed 
marU,  and  are  rireognizod  liy  efTervugciniL;  with  ai^ida. 

A  basic  aluminiuu  Hilicate,  Al/)].8i(>.,  ix  found  cryiitallizti],  eonittituting 
ihi}  bnaDtiful  minernl  Lalbvl  rtfunite.  The  eoini»oundi<  foruitvl  by  the  union 
vf  the  aluminium  tijiicatoji  with  othor  Hilieatiw  arenlnioet  innunierablM.  A 
sodium  felHpar,  u/ftife,  cnntainint;  thnt  metal  in  plni*eof  polaHHinm,  isi  known, 
and  there  are  two  somewhat  similar  lithium  oomi>oundB,  xfHtttumume  ami 
fftitlitf.  The  zfffitrM  nr'i  hydrate*l  Milicalett  Ndun^inK  tn  thitt  (ilaini ;  cin«/- 
ctmr,  ne/thflinr,  mrxoiyf^,  ftr..  are  dtmble  silicateit  of  soditim  and  iilnniininm, 
with  water  of  crvHiallizntion.  ^ilUi*",  hrHlumiUf,  hiuinontitr,  prrlittitr,  etr., 
coiiKi-i^i  of  caU'itini  ^ilicatt*  cr>nitiini_*d  with  ^ilicntf  of  aluuiinium.  The 
tfftm^B,  nrtniitf  mira,  et<T.,  have  a  similar  cnm}M)aition.  but  are  anhydrous. 
iron  sesqiiiuxide  U  wry  often  sul^tituted  for  alumina  iu  thetio  minerals. 


Bolts  of  nlnminiam*  when  moistened  with  e»tf>alt  nitratt  and  h«ated  befor« 
the  blowpipe,  assume  a  <thnraot«-ri»tic  blue  rotor. 

Alumina,  whf>n  in  solution,  is  distiu^uisbL*<l  without  difficulty.  Caustic 
potash  and  mvia  oiwnMon  a  white  ^elatinuuH  precipitate  of  aluminium 
hydr:iLe,  freely  snlublit  in  exce^M  nf  tbe  alkali.  Aitunouia  pro<lu(«es  a  simi- 
lar preeipitate,  iunnluble  in  exuous  of  the  mageut.     The  aUnltnf  coHwautva 
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and  carhamiXe  of  ammonittm  prc*ot|iitate  th«  hrdrate,  with  eAoape  of  carbonic 
ftcid.     The  precipitates  arv  ixuolublt^  in  excess. 

Ammonium  sulphide  also  produous  a  whil«  precipitate  of  aluminium  h^' 

ale. 


BERRTI.LIUM.  or  OLUCINUM. 
Atomic  wcighr,  S.4.    Symliul.  Be. 

This  Bomowhat  rare  metal  oc^'urtt  as  a  silicate,  either  alon«  as  in  phena- 
cite,  or  ass4K.'iated  with  other  flnicat«s,  in  beryl,  emerald,  euelase,  leuco> 
phane,  lu-lvite,  and  i^ereral  varieties  of  gadoltnite;  also  as  an  aluminate 
in  eIiry»ober/l  or  cyniophane. 

Motallio  K->ryllium  itt  ubUined  by  pasaing  the  rapor  of  the  chloride  over 
molted  sodium.  It  ia  a  while  metal  of  specific  g^ravity  2.1:  It  may  tw 
forgfnl  and  rt>llod  into  sheets  like  ^o\d  ;  \i»  melting  point  is  1h*1ow  that  of 
silver.  It  doKH  not  deoompo^e  water  ai  lhi>  boiling  heat.  Sulphuric  and 
liydnKhloric  acids  dissolve  it,  with  evolution  of  hydrogen. 

Bi*ryUiuin  funua  but  one  class  of  uompounds,  and  there  is  considerable 
doubt  OS  to  its  atomic  weight  and  equivak'nt  value.  On  the  one  hand,  It 
is  regarded  as  a  dyad,  like  calcium  and  lusgnesiuin,  with  the  atfnnic  weight 
9.4,  its  chloride  being  UeCl,,  its  oxide,  BeO  ;  on  the  other  han<i,  as  a  triad, 
like  alumiuium,  on  which  supposition  its  chloride  would  bo  BeClg,  its  oxide 
BojOj,  and  its  atomic  weij,'ht  14 ;  but  the  former  view  apiwars,  on  the  whole, 
to  \w  most  in  aotKirdance  with  observed  facts. 

BerylUam  Chlorido,  BeCI,,  is  formed  by  heating  the  metal  in  chlorine 
or  hydrochloric  acid  gas,  or  by  the  action  of  aqueous  hydrochloric  acid  on 
the  metal  ur  its  oxide. 

The  anhydrous  ciiloride  is  prepared  by  passing  chlorine  over  an  ignited 
mixture  of  berylUa  and  chari<OAl.  It  im  U-vh  viilntile  tlinn  aluminium  chlo- 
ride, very  deliquese4?nt,  «nd  easily  soluble  in  water. 

BerylUam  Oxide. — BerylUa,  BtrO. — This  earth  may  be  prepared  from 
beryl,  or  either  of  the  other  Ixtv Ilium  silirates,  by  fusing  the  finely  pounded 
minernl  with  p4itAs.<iium  carbonate  or  quicklime:  treating  the  fused  mass 
with  hydrochloric  acid;  evaiwratiny  to  dryness;  then  moistening  the 
residue  with  hydrochloric  scid,  and  treating  it  with  water,  whereby  every- 
thing is  dissolved  except  the  silica.  The  filtered  liquid  is  then  mixed  with 
(■xcess  of  aiiunmiia  solution,  which  throws  down  a  bulky  precipitate  con- 
taining  both  alumina  and  berylUa;  this  precipitate  is  well  washed,  and 
the  beryllia  is  dissolved  out  frnm  the  alumina  by  digestion  tn  a  coUi  strong 
solution  of  ammonium  carbonate.  The  liquid  is  again  filtered,  and  on 
boiling  it,  beryllium  carbonate  is  deposited  as  a  white  powder,  whiob, 
when  igiiit4Ml,  leaves  pure  berylUa. 

Beryllia  is  very  much  like  alumina  in  physical  characters,  and  further 
rei^embles  that  substance  in  bi'ing  readily  dissolved  by  caustic  potash  or 
sofla  ;  but  it  is  distinguished  from  nluiiiina  by  its  solubility,  when  recently 
precipitated,  In  a  ct)ld  solution  of  ammonium  carbonate.  Beryllium  salts 
have  a  swt^^t  taste,  whence  the  former  name  of  the  metal,  ijlutiaum  (from 
^Xwbc).  They  are  eolorlea*,  and  are  di»ilitiguished  from  thiFSe  of  alumi- 
nium by  not  yielding  an  nUim  with  potss-^ium  sulphate,  nor  a  blue  colur 
wlii-n  In-ati^-d  before  the  blowpipe  with  cobalt  nitrate  ;  also  by  their  reaetion 
with  ammonium  carbonate. 
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ZIRCONIUM. 

Alooile  wi-ifi;iit,  iiv.o.     Ayoibul,  Xr. 

This  is  a  l*»lrftd  mnUil,  iiitcpuw^iiiiti!  in  nmnv  of  iu  prop«'rlie«  Ywtwi»«ii 
oluminiaiD  and  giliciiim.  It«  oxide,  zircmiia,  wu  firHt  obtainod  by  Klap- 
ro(h,  In  ilX'.i,  from  zircon,  which  it«  ■  tttlicat«-  of  xirconitiin.  It  has  »iDce 
be«n  found  in  fiTgUBonite,  fudialyte,  And  two  or  thrtw  other  rare  mintraU. 

Zircouiuui,  likn  ntlicon,  is  capul'li*  uf  uxiatiii);  in  tliree  different  slat««, 
nmorphoiiji,  crystnllin*',  and  graphltnidal.  Tlie  amorphous  and  cr/BtallinL' 
TftrictitM  are  obtaiu(<d  by  pn>rf«Ht<H  Hiiuilar  U^  thu«odiW(Tilj<_*d  for  prfparing 
the  a>rr(<r(i>r>nrlin^  uniilillcAtionii  of  Hiliitium  ;  graphitnidal  zimmiuiii  wo:* 
obtaintMl,  by  Trtiost,  in  att<>mptin^  tv  difonipoar  sodium  sircunnle  with 
iron,  in  Ug^ii  sl'jiIuh  of  a  Ht*'i'l-(;ray  culnr.  AinnrpliouB  ziri*i'tuutu  wlivu 
hnaUHl  in  the  air  taki^  firt*  at  n  heat  Huuicwhut  biduw  rtHlui'iiM,  and  burna 
with  K  bright  ti^ht,  romiln^  xirixtnia.  CryittallUiv  airouuiiiiu  fifniu  wry 
hanl  brittk*  !«cah.«s  nts<>inl>lin}r  aiittuiony  in  txilor  and  hiAtrv  ;  it  bunw  (n 
the  air  only  at  thn  h<*at  uf  thn  oxy-hyilrogmi  blowpipe,  but  takra  Urn  at  a 
rwi  h«al  in  chlorine  gai*.  Xirconiiiiu  Ik  but  litlU'  iitta('k«>d  by  th>'  ordinary 
■Olds;   but  hy>lrot)uoric  acid  diitsolveii  it  t-oiulily,  Hilli  i;vulutii>u  of  li^i 

Slroonitun  Oxide,  or  Zlroonla,  Zm,,  is  pr.»par(Nl  by  strongly  igniting 
lirdn  (/iri;«tnium  silical(?),  with  ituir  times  it.s  weight  of  dry  tKnUum  «ar- 
bonnb*  Jind  »  smill  i|iianiity  nf  sitdiiun  hydrate.  The  sJlicn  ia  soparated 
from  the  fiistKl  uuwii  by  hydmohlorlo  acid,  as  dtwriUKl  in  tho  case  of 
beryllia  ;  th«i  rt*dultinj{  ttnlution  in  treab^  willt  ammonia,  which  thruwa 
down  xiftMnia  geTii»rally  mixi«i  with  ferric  oxide  ;  Ihu  j)riii:ij»itiitit  ia  rt-dia- 
solcfd  in  hydmehlorifl  acid;  and  the  K'^ihitiou  Is  Uii1<m1  with  uxeeats  of 
stHliuiu  thloHulphatc  an  long  as  Hutplairous  aeid  continues  u>  ■•hi-.'ijn*, 
whereby  pure  zirooiua  is  preeipitated,  the  wliolti  of  the  iron  reiuniuin^  in 
the  iiolntion.  Ziroonia  thus  oblainol  forms  a  white  powdrr,  or  hafl  lampM, 
of  Hpivllle  grarity  4.*W  to  4.1*.  Uy  fuwing  it  with  l»r>rax  in  it  pottery  fur- 
nacti  and  disHolWng  out  the  soluble  ttalts  with  hydroiThlorie  neid,  zlnntnin 
is  obtained  in  Anuill  iiuu^lratio  prisms  isumorphous  with  the  native  oxides 
of  tin  and  lirnnlum. 

Ziruiminm  hydral(»«  are  obtained  by  pnvdpltating  Ihft  solntion  of  a  tirtvt- 
nium  salt  with  ninmonia ;  the  precipitate  contains  ZrH^Oj  ^  ZK>^.H,0,  or 
ZrlljO^  ^  Zr^.'ZHgO,  atioording  to  the  tmnperature  at  whieb  it  i«  drie<f. 

Ziroinia  acts  both  as  a  Unm-  and  tm  an  acid.  After  ignition  it  is  insoluble 
in  all  aoiils  i*xn»pt  hydmlluorio  and  very  strong  sulphuric  «<id,  but  th« 
hydrat«  dissolve  easily  in  acids,  forming  the  «ir<!oninni  salla  ;  the  normal 
sulphntH  has  th«  iiompwition  Zr(S(\),,  (►r  ZrOg.2SO,. 

Comjioundii  of  ziroonia  with  tb.i  stnmg.-r  ba».'a.  railed  xiroonaies,  ar« 
obtaiuMl  by  prucipitating  a  lireonlum  8.nU  witli  (>ota<ih  ftr  noda.  or  by  ig- 
niting xiroonia  with  nn  alkaline  hy'lrnte.  lUtntnium  zirmnnte  dis«>lve» 
completely  in  water.  Three  ittMiium  zircoHtUfji  have  li*'«»n  f'lnnefi,  oontain- 
itig  iNa^.H:>,  =  Na/>.ZrO, ;  Na,ZrO,  =  2iNa,O.ZrO,  ;  and  Na^r^<)„  «  Na,0. 

ZircoDLlum  Fluoride,  ZrF^. — Thli  compound  la  obtained  by  dissolving 
sireonia,  or  llie  hydrate,  in  hydrollnoric  add  ;  or  in  the  anhydr<mK  state, 
by  igniting  xirmuiia  with  ammoniuiu  ;iiid  hydrogen  fluoride  tilt  all  th« 
auiniiinium  fluoride  is  driven  oif.     It  unites  with  other  metallic  flnoridi 
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fonning  double  salts,  oall«d   liroofluorldei    or    fluoilroonates, 

whioh  hTf  isoniorphoufl  with  the  oorredpcmdin^  ffilicoflnorMes,  stftnnofluo- 
rides,  &ud  titAnulIunrides,  and  Are  moHtly  reprL*Stint«ii  bv  the  formulfc — 

4MF.ZrF.  :  3MF.ZrF, ;  2MF.ZrF, ;  MF.ZrF,, 


tn  which  M  donotoA  a  monad  metal, 
cuupudiliuu  &NaF.3ZrF,. 


The  sodium  salt,  howovcr,  has  the 


TBORINUM  or  THORIUM. 

Alumic  welf;ht,  2J\^.    Symbut,  Th. 

This  very  ran*  mrtftl  woa  diaeovtTwl  In  1828  by  BtTieliiis,  in  thorite,  a 
mintral  I'mm  Xtrn  Nurwe^ian  island  Lovoii,  in  whidi  it  vxists  as  a  silicate. 
it  has  diucH  been  foaud  in  etucenilti,  py-rochlor«,  and  a  few  other  minerals, 
all  v**ry  Hcarco. 

Mrlallie  thorinnm  ill  obtained  by  ivdnvin^  thf  rhiorldw  with  potAflsium 
or  H*Kliuni«  an  a  KT&y  powder,  which  acqniivH  in>'t!illic  laatre  by  preaaure, 
and  has  a  density  of  7.(jii  to  7.9.  It  i»  not  oxidized  by  water,  dii*Holv**M 
co-sily  in  uitrii;,  nlowly  in  hydru4:hlnric  aciil,  uiid  in  not  altarked  by  cauHtio 

Thorinum  fonna  but  one  clasi  of  oompoundSf  ia  all  of  which  it  is 

quadrivalent. 

Thorlnnm  Oxide,  or  Thorina.  TJiO,,  is  prepared  by  deoompnsing  Ihiv 
rite  with  hydr^'hluriiiaoid,  separating  tlie  ttiliiia  in  the  usual  way,  troAting 
the  filterml  solution  with  hydrogen  Hulphide  Lo  ttfparate  lead  and  tin,  and 
precipitating  the  thorinn  i>y  ammonia,  togrthitr  with  small  quaiUitiea  ut 
the  oxidtu  of  iron,  manjjanese,  and  uranium.  To  get  rid  of  tliese,  the 
preeipitAle  is  redtMtudvetl  in  hydnx'liloric  acid,  and  the  h">l  fiaiuratMl  boIu. 
tion  is  Uiiled  withaBolntionur  neuU-al  potassiunifiulphate.  The  thorinum 
18  (hereby  priHripiCntiilott  thorinum  and  |Kttas8ium  ifulpliate  ;  and  from  the 
Boliitiim  of  this  kaU  in  liot  water,  the  thorinum  is  precipitated  by  ftlkall«>a 
Mn  a  hydrate,  which,  un  ignition,  yields  pure  thorina. 

Tliorina  in  white,  and  very  heavy,  its  sp<H.ific  gravity  being  9.402. 
After  ignition,  it  is  insoluble  In  nitrio  and  hydrooJilorio  aci<lii,  and  dis- 
solves in  iitntng  sulphnrio  auid  only  after  prulouj^ett  heating.  The  Ay</ru/e, 
precipitated  from  thorinum  salt*  by  nlkalieii,  dissolves  easily  in  acids. 

ThoriDum  Chloride,  ThCl^,  prepared  by  Igniting  an  intimate  mixture 
of  titi>riiia  und  oliarcojil  in  elilorine  gas,  subUiiie]*  in  white  sliining  oryiit&l.i. 
It  forms  double  salts  with  the  ohloride«  of  the  alkali-metals. 


Thorinum  Balphate,  Tli(f>0^),,  crvfltallizes  with  varions  quantities 
of  water,  aecurdiiij.'  to  the  t4*mperature  al;rhieh  itei  solution  is  eva]K>rate4l. 
JlioriHum  and  ffOtassiuiH  suipfialu,  ThK,(SO,), .211,0,  soparattsa  as  a  eryittJilline 
powder  when  a  crust  of  potassium  sulphate  Is  itiispt-nded  in  a  solution  of 
thorinum  Kulphste.  It  i«  easily  soluble  in  water,  but  insoluble  in  alcohol 
Uid  in  ■olution  of  potaasium  sulphotv. 


CEaiUM — LANTUANUM— DIDYMIUM. 


CERiaM.— LANTHANUM.  -DIDTMIUM. 

Ce  -  tM.  —  I.A  «  13i.  -  Dl  •«  1  I4.T&. 


three 


lIb  occur  togt!ther  as  silieattas  In  tbo  Swmlifih  mineral 

in  allaiiitA,  ortltit(%  and  a  few  othen ;  «.nd  am  pluwpliates  in 

Kiniutitv,  etlwanUit«*,  auil   rryptolitn,  a  mineral   otxurring   dwaeminated 

trough  apatltt*  nnd  tbmu^-h  oriain  rcibalt  ore^i. 

CVTium  waa  disoovcred  in  lHtl3  hy  Klajtroth,  and  hy  Ilialngcfr  and  Ber- 
svliuM,  who  obtained  it  in  the  form  of  oxide  fr<Jia  cvrito.  This  mineral  is 
complutel^  deconipOAed  hy  boiling  with  iitrong  hydnxibloriu  acid,  silit-a 
Iwing  Heparated,  and  the  cerium,  togtftlier  with  imn  and  other  metals,  dis- 
solving as  chiohdu.  (Jn  treating  the  acid  nolntion  thas  obtained  with 
oxalic  acid,  ccriuui  oxalate  in  precipitated  aa  a  white  cr^-atallinc  powdfr, 
which,  when  ignitetl,  leaveft  a  brown  oxide.  Thu  product  thus  obtained 
iroH,  for  some  time,  regar<lud  aa  Ibe  oxide  of  a  ttingh*  metal,  ceriuui; 
but.  in  lb39  and  IMl,  MoMamler*  t^howeil  that  it  eontriimt<l  the  oxidefl 
lOf  two  other  nuitala,  which  he  designated  ofi  lanthauuuif  and  didy- 
lu  i  u  m  .^ 

Cerium  oxide  may  bo  separated  from  the  oxides  of  lanthanum  and  didy- 
mium  by  treating  the  erndo  brown  oxidt^  aUtvn  mentioned,  lirst  with  diluttt 
and  ihun  with  strong  nitric  acid,  which  gradually  remoree  the  whole  of 
the  lanthanum  .iii<l  diitvmium  oxides. 

The  Reparation  of  the^e  two  oxidec  one  from  th«  other  is  mnoh  more 
difficult,  and  can  be  elTiicted  only  by  ttuoceHslvu  eryutallization  of  their  auN 
pbates.  If  tlte  laiithaninu  nail  i.s  in  exLVsa,  in  wtmli  case  the  holution  of 
the  mixe^l  dulphate:^  has  only  a  faint  umL'thyRt  tinge,  tho  liquid  is  evapo- 
YatAd  to  dryness,  and  the  residue  heated  to  a  temperaiurD  jnst  below  red- 
nuMf  to  render  the  sulphatfs  anhydrous.  The  residue  thus  obtained  ia 
then  to  be  added  by  small  portions  to  ice-cold  water,  which  dissolves  it 
iHisily,  and  the  restuUing  solution  heated  in  a  water-liath  to  about  40^. 
Ijinihunum  nulpliate  then  rrystallizes  out,  rontaining  only  a  small  quan* 
tity  of  tliitymluiu,  and  may  b*.^  further  ]Hirified  by  rop<*atiug  thu  whole 
process.  If,  on  the  other  hand,  the  didyuiinm-»<alt  is  iu  ex(c»s,  in  wliich 
caae  the  liquid  Iiom  a  ftecid(*<l  ruse-rolor,  :it-j>aration  may  bu  clTccted  hy 
leaving  the  acid  solution  in  a  warm  place  lor  u  day  or  two.  Didymium 
sulphate  then  separates  in  Iarg«*  rhonilHditHiral  crystals. 

Motnllic  ceriniii,  lAiithauum,  and  didymium  are  obtained  by  reducing 
tlie  chlorides  with  smlhiin,  in  the  form  of  gray  powders,  which  decompose 
water  at  ordinary  temiHfratures,  and  dissolve  rapidly  in  dilute  acids  with 
«volutioii  of  hydrogen. 

Atrrmir  W'rifjbfs  and  Qitantivaiefux. — According  lo  Ui«  atomic  wcigbU 
bilherlo  assigned  to  these  three  metals,  rix.:  Ce=92,  La=»3.ti,  Di—iltS 
(i*ec  Tabl«  t.n  pftgetlT),  lanlhnnuni  and  didymium  should  be  dymU,  forming 
chlorides  and  oxide.s  of  the  types  RCIj  and  RO,  and  cerium  should  l»a 
clannod  with  the  inm-metal«.  Mendrlejeff.  however,  as  already  obBcrvcd, 
projioaed  to  alter  the  atomic  weiphts  in  accordance  with  the  periodic  law 
of  the  elements,  making;  l>i  =  138  (triad),  (•e  =  140,  La  =180  (tetrads). 
But,  according  to  recent  determinations  of  the  spe«.'ific  heats  of  these  three 
metals,  it  would  apjM^ar  that  in  their  moat  stable  combinations  tbey  are 
all  three  triadie  or  irivalent.  Hillebrandij  finda  for  the  i»pecifio  hcale  tho 
following  values  : — 

•  PoKiccndorfTti  AnnAlen.  xlTl.  04S;  xlvLl.  SOT;  Ivt  ft'^l- 

Errnin  Atfrfi^ruv,  to  Mr  hid.  {   rrom  i^A^W,  twlDI. 

PogKcadorlTR  AnnalcD  (1870).  elxlii.Tl. 
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Di 

0.046fi3 
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and  Mondolejeff  flnJs  for  wrium  the  number  O.OSO.  Now,  these  uumbcrB 
multiplied  by  lU*-  hitluTto  rtt^i-iv.-d  aloiiiii' w«figJi(H  of  th*>  r''Sp»-cti\->'  metals 
givu  for  tho  riti.)mi(t  hunts  the  vjiluus  4.12,  4.15,  and  4.4tl,  which  do  not 
Agree  with  th«  law  of  Dulung  and  Tetit  (p.  *2*2b)  ;  but  if  these  atouiio 
weightfl  are  ine-reaiied  in  the  ratio  of  2  to  3,  which  aiuountjt  to  making 
tlieir  lower  oxidett  8e3i|uioxides,  R,Og,  iiiBtfad  of  munuxidefi,  ItO,  tht-ir 
values,  witb  small  eorructiuiui,  ai-uordiug  to  rucent  analyses  by  Hillebraud, 
become 

Ce  Ltt  Di 

rS8  139  144.75, 


giving  for  the  atamio  heats,  the  valuos 
6.18  6.23 

which  are  in  aocordanoe  with  the  general  law. 


6.60. 
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Cartum  forniB  two  series  of  oompoundSf  vlx.,  the  cerons  coroponnds, 
in  vvliieh  it  ia  trivalent,  aa  aUive  Hlatt'd,  e.  <7.,  t'V'Clj,  Ce^Oj,  Ce,(SO,), ; 
and  the  04*ria  Lwinpouuds,  in  which  it  is  qmuIrivnloDt,  ''•^m  eerio  oxide, 
CflO,  [fomu»rly  ceroso-ceric  oxide,  CejO^li  <?<>rip  Bulphnlo,  Ce(.SOjj,*  ete. 
There  Are  aUo  two  tltinrinr-ntmpoundi*  of  cerium,  iu  winch  it  apj>rar»  to 
have  still  higher  equivalent  values. 

Ctroiu  oxiJe,  '^^S^ai  i<  obtmii(*d  by  Igniting  the  carlwnatu  or  oxalate  iu 
a  current  of  hydrogen,  an  a  grAyiBh-blue  powder,  quickly  eonrerted  into 
oeriti  oxide  on  exposure  to  the  air.  Its  salts  arc  colorless.  The  sulphate, 
Ce|(SO|),,  cry»taltiJEe8  with  various  quantititw  of  water,  aeconling  to  iho 
temperature  at  which  it  is  deposited.  Ctriwm  and  potagnum  ntlpkatr, 
CeK,(dO,)3.  »epurat4<s  as  a  white  powder  on  iiuuiersing  sulid  j)otaMsium 
Btitpli.'kte  in  A  solution  nf  a  leruUM  Halt.  It  is  silif^htly  miIuIiIh  in  pun; 
water,  but  iunoluble  in  a  saturated  solution  of  (Knassium  sulphate.  The 
forniatjon  of  this  salt  aflbrds  the  meaus  of  separating  cerium  (rum  most 
othrtr  motaU. 

CVrre  jx/rfc,  CeO^  is  prodn*x>d  when  oerous  hydraU^,  corlmnato,  or  nitrate 
is  igniti'd  in  an  open  vessel.  It  ii<  yeUowidb-white.  acquired  n  deep  orange* 
rod  color  when  heated,  but  nnyivers  its  original  lint  on  ctHiling.  It  is  Jiot 
Gonvi>rted  into  a  high'^r  oxide  by  ignition  in  (ixyg«u.  i'nrtc  AyJmie, 
2CvOj,'AHjO,  obtained  by  paxAing  chlorine  into  aquenus  potash  in  whirh 
eerous  hydmto  is  Husjwndfxl.  I»  a  bright  yellow  prccipitnt^.*,  which  dis- 
solves readily  in  Hulpliuric  and  nitric  ai.-ids,  forming  yellow  salutiuus  of 
ccric  salts  ;  an>l  in  hydrocliloric  acid,  with  evolution  of  chlorine,  forming 
«Mlnrbw)  oomuB  chloride. 

The  solution  of  tbe  sulphate  yields  by  spontaneous  eraporatlnn,  first, 

and  after- 


brown.rod  cryst.ils  of  a  errom-cfric  wU^    on(^\\     \ 


+    4A<i 

wards  yellow  indisUncUy  crystalline  ctric  su/pAu/c,  (!i*(S0,),.4iVq 

All  cerio  wnipound*.  when  heatod  with  hydrochloric  acid,  give  off  chlo- 
rine, and  are  rmlutxiil  to  the  ixirres{>onding  <?erons  compi>undft  ;  thu.'> : — 


C«f»,  +  4HC1  =s  CeCl,  +  2H,0  -J-  CI. 


*  If  thene  formulis  be  ilnubled,  the  certe  compound*  msv  alto  be  recanted  ss  «on> 
talnlog   trlvateat  cerium,  t.  g.^  CcjOi   or 
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Thsre  U  ^  ftuoridt  of  cerium,  Ce,F,  (formerly  CeF,),  which  m&y  be  ol»- 
UiOtfcl  as  a  velluw  prfL-ipilatt.%  and  likewise  octiur^  iiutiv-e  lis  jluoceritr, 
and  an  oxviluoride,  C«gF|^V)p,  owiurriug  a»  j/wKrrim  at  Kiiiiil>v,  iu  b»«iivn. 

Lanthauum  rtiniift  niily  one  K4*t  nf  ctkiujruuuU:},  viz.,  l^al'l^,  LiLjI)^, 
La,(.'?t>,;,.  TlitTu  ia,  bowevt-r,  a  hlgLuT  uxidv,  the  ooiupusitiou  of  which 
ift  not  vXACtly  knuwu.  l<autliuuum  ^atlif  art;  L-ulurlois ;  their  sululiniin 
yitrld,  with  alkaliea,  a  prLi-iiiilntr  of  IniU/tanum  hyilroxute,  LaH^O,,  which, 
yrXun  ignited,  leaves  the  white  aiihydruiui  ueftquiuxidv.  Both  thi*  Ity- 
droxide   and  the  auliydruus  uxiile  disHolve  easily  in   oeidb.     LtiHthanum 

!/ihtU€  forina  hiuaII  priNmntic  crvdtuU,  iwmtaiuing  La,(!!$t)4)j,.HH,(>.     Loh- 

num  ami  potiUMium  Anl/ihotr,  haK,(S<J^),,  i^  furmed,  on  Diixing  the  tmluuon 
of  a  lanthanum  salt  with  potassium  aulphate,  as  a  white  crystallaie  pre- 
cipitate, rtsMmhling  the  corresponding  cerium  sail. 


Dldymiom  »:il(9  are  rotie-colared.  and  their  solutions  give,  with  alka- 
litrm,  a  pule  riKit*>i:(ilorHd  prcoipitatH  of  the  Ayc/roxu/e,  DiH,0,,  wlucli,  whfu 
i;*nitod  in  a  covered  crucihie,  leaves  the  anhydrous  monoxide,  UiyO,,  In 
white,  hani  lumps.  When,  however,  the  hydroxide,  nitrato,  carbonate, 
or  t»xalat«  of  lii'lymium  is  heated  in  euutuct  with  the  air,  and  not  very 
strongly,  a  dark-brown  pi*ri>xide  is  Itft,  cnittainiii|j^  fn>ni  O.B  to  0.9  per 
cent,  oxygen  mor^  th:ui  the  monoxide.  IMiis,  when  treated  with  acids, 
diiisolvefl  rwadily,  Ki^^"K  off  oxygen  and  yielding  a  salt  of  the  monoxide. 

Oidt/mium  stilphatr  separates  fmm  an  acid  solution,  by  spontiuuMmti  eva- 
poration, in  well-<leflnerl  rhornhohertrnl  oryslalH,  exhibiting  numerous  sec- 
ondary faces,  and  containing  Dif(.S04),.8A4. :  they  are  isotntirphous  with 
(he  similarly  constituted  suljdiatfs  of  yttrium,  and  nrLiium.  Thr  sulphate 
is  mure  soluble  in  rnld  than  in  hot  wnti*r,  snd  a  Holution  ttaturat(>il  in  the 
wld,  deposits,  wln-n  heated  to  the  tioiling-point,  a  cryatalline  powder  oon- 
tainJng  Di.CSOJj.GAq. 

DidymiwK  and  potassium  stJjtftate,  DiKgCSO^),,  resembh^  tlie  lanthanum 
salt. 

Solutions  of  didyminm  salts  exhibit  a  well-markifd  alidnrption  spec- 
trum,* rontaining  two  black  linea  inelthiing  a  very  bri/^lil  upace.  One  of 
these  black  line*  is  in  the  yellow,  iuimediat-'ly  following  Krnunhofer's 
line  f)  ;  the  otIuT  is  nitiiattMl  iM'tWi-en  K  an-i  b.  These  eharactrnt  ean  be- 
rliHtinully  ret^ognized  in  a  sulution  half  an  inch  deep,  uontnining  only  0.10 
fH>r  otmt.  of  didymium  salt.  Lanthanum  salts  do  not  exhibit  an  abeorp* 
lion  spectrum. 


YTTRIUM  AND  ERBIUM. 

Y  =  412.     Eb  =  ItSJt. 


k 


TnMX  metals  exist  as  silicates  in  the  gadoliuUeor  ytterbite  of  Ytterby 
in  Sw»?.len,  and  in  a  ft-w  other  rare  mineraU.  A  third  niftai,  ralb'd  ter- 
bium, has  also  been  suppi>sed  ti)  be  associatetl  with  them  ;  but  recent  expe- 
rimt-nls,  esiieaally  thn»f  of  Bahr  and  Bnnsen,f  have  thrown  vory  great 
doubt  upon  its  existence. 

To  obtain  the  earths,  yttria  and  erbia,  in  the  separate  state,  gadolinite 
is  digested  with  hydrochloric  add,  and  the  solntinn  separated  from  tho 
silica  is  trealeti  willi  oxalic  acid,  whi<'h  thrown  down  the  oxalates  of  erbi- 
um and  yttrium,  together  with  Wni-n-  i)f  cuU-ium,  cerium,  lanthanum,  and 


30 


Se«  LiauT,  p.  80. 


t  Ann.  Cb.  Pbarm,  exxxvlL  I, 
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didjrmium.  ThcM  DxtilAtce  are  cwuvnrttul  into  nilrates  ;  the  aolntion 
treatnd  with  exci^s  of  solid  potui*»Luui  Huljihaii*,  to  separate  tho  ci<riiim 
metftls ;  the  erbium  nnd  yttrium,  wittoli  dtil[  remuin  in  eHhititui,  ar«>  agnin 
precipitatud  hy  uxalio  acid  ;  and  ihi.-  sauii;  treatim'nl  in  rci>ratt-d,  till  the 
DolutioD  uf  the  mix*^  earths,  when  oxatuJutKl  hy  the  apoutral  ap]>nrntii9 
no  longer  exhibits  the  alwurption-haiida  cliaraulVrintii:  of  didvinium.  To 
separate  the  erbia  aud  ytlria,  ibey  iire  again  pretipilaU'd  by  oxalic  acid. 
The  oxalates  are  converted  into  nitratirs,  and  the  nitrnti^i  of  erbium  and 
yttrium  are  separated  by  a  series  of  fractional  crytttallizations,  the  erbium 
salt  being  the  Ie»»  ^loluMe  of  tbe  two,  and  crytilaltizing  out  first  ;  hnt  Ih© 
priMrfHvi  ntitiires  uttunliou  lo  a  number  of  details,  whieh  cannot  be  here 
U(«iTit>eil.* 

Metallic  erbium  haa  not  been  isolated.  Yttrium  (containing  erbinm) 
was  obtained  by  Hi.>rz4;llus,  an  a  blacktsh-gray  powder,  by  igniting  yllnnm 
uhloriiie  with  potaBaium. 

Yttrium  aud  erbium  li.ive  hithrrto  been  rpgarded  as  dyarta,  with  the 
atomic  weights  YesGl.7,  Kba=112.«;  but  Ihe  close  nnah.gy  of  tlu-ir  wm- 
imuuda  Ut  Iboae  of  lanthanum  and  didymium  renders  it  more  probabia 
Ibat  lhe>-  are  lria<l»,  with  tbe  lii;,'lii'r  alumie  weigbts  aUwe  given.  In  the 
abaencw,  however,  of  exact  determinations  ot  tbe  5pi*cific  heats  of  tiieiMI 
metals,  the  question  must  for  the  present  be  rt-garded  a«  undecided. 

Erbia,  Kb,0„  obuined  by  ignititm  of  erbium  nitrate  or  oxnlatc,  boa  a 
faint  roeo  color.  It  dotu  not  melt  at  the  fitrnnge»t  white  heat,  but  aggre- 
gates to  &  spongy  mans,  glowing  wiili  an  JntciuH*  green  light,  which,  when 
examined  by  the  «peotroaoo]>e,  exbibitH  a  rxtntimioti.s  apettrum  intenteoted 
by  a  numU'r  of  bright  banda.  ixdutionfi  of  erbinm-ftaltfl,  on  the  other 
hand,  give  an  ab»orption-apcelrum  exliibiting  dark  bnndt>,  and  the  pohiia 
of  maxi/kum  wtennty  of'  thf.  Ui^ht  bands  in  the  rmisium-fittrtium  of  tjlowivif  erbia 
eaiatMie  nxtuilt/  in  fMisitiim  ul/h  the  fKunts  of  yrraimt  aurknrss  in  the  abtorptioH 
jpeerrvM.  The  position  of  thiwe  baiidti  itt  totally  difl'erent  from  tboae  in  the 
emiaaiou  and  alraorption-npectra  of  didymium. f 

Krbinm  sails  have  a  rosivrwi  c<di>r,  deeper  In  t)ie  hydrated  than  In  tbe 
anhydrouB  etat*' ;  they  have  an  acid  reaction  and  sweet  astringent  ta#te. 
The  «w//iA<i/r,  Kbj(S(),),.S.Aq.,  forms  light  rofie-wdored  eryslala,  isomorphoua 
with  Die  aulphatea  of  yttrium  and  didj^-miuui. 

Yttria^  V,()j,  la  a  soft,  nearly  white  jwwder,  which  when  ignited  ginws 
with  a  pure  white  light,  and  yieldfl  a  fpectrnm  not  contaiiiinji  any  briiibt 
banda.  like  that  o(  erbia.  It  does  not  unite  directly  with  water,  bnt  ia 
prec.ipitatf'd  as  a  liydrate  by  alkaliea,  fnmi  aolntiona  of  yttrium-salta.  It 
diasolves  .slowly  but  completely  in  hydroeliloric,  nitric,  and  aulphuric  acids, 
formiuf;  colnrbwjt  Holntifuia,  which  do  not  exhibit  an  Htworptinn-ttpectmm. 

Yttrium  saift/uUe,  V,(??t»,>,.8A(|.,  foruir*  Hmall  oolorlesa  crystaU. 


I 


lieaftioiis  of  the  Kurlk-vtttaU. 

1.  All  thfw  metaU  are  preripitated  from  their  solutions  by  animoninm 
sulphide,  as  hydrates,  not  aa  sulphidos.     They  arv  not  precipitated  b^ 

hydrogen  aulpbide. 

2,  The  hydrates  of  alnmininm  and  herylUnm  aro  solnble  in  cmtsiie /»- 
tai,h;  tbfii<>'  of  tlie  'Ulicr  erirlli-uit't;ilrt  nr<'  ins'iluble. 

'^.  Beryllium  hydrate  dissolvea  in  a  cnid  naturatcd  solution  of  amuMnmm 
corlfinnfc,  and  is  precipitated,  as  carlionate,  on  l>oiling.  Aluminium  hydrate 
id  iii»iilu)>le  in  ammonium  carbonate  (sim?  furth»*r,  p.  .'U4). 

•  Sec  W«tt«»«  I>ietlon»ry  of  Chemistry.  Tol.  T.  p  721, 
t  The  piper  hy  Bahr  rvntl  Biinpcn,  nUorc  rurerrad  to,  Is  nccoropnnled  hy  exact. 
diagrama  of  the  erbium  and  dldyrolum  ipectra. 


MAN0PACTURB    OF    GLASS. 

4.  Of  the  earth -metala  IT  huM)  faydrattn  are  iuBoluble  in  potauli, — niuiiel] 
xironniuoi.thorijiiini,  cerium,  lAQthaiium,  didymium,  irbium,  and  rtlrium 
— ziriM>niuiu  and  tliorinum  may  be  pruvipiUUnl  a<s  thiottnlpbutcfl  bv  Itoilinj^ 
the  solution  with  sttifium  thiowuljiJuitey  the  olhcr  iiu'taU  ri'tunining  in  solutinti. 
The  precipitate  when  ignittxl  U-Jivea  pare  zircoiiia  and  thuriua,  or  a  laix- 
turu  of  till)  tvru. 

G,  Zirruiiinui  And  tburinum  may  b«i  separatM  one  frfim  tlie  other  bjr 
moons  of  aHunonium  ttfalotf,  which,  wlion  added  in  exoefis,  prvcipitatvs  the 
tburinom  as  uxalntv.  nud  l<<uvt>i«  Ihf*  xirouniiiiu  in  »tjUition. 

(t.  Cvrinm,  lanlbanum,  and  liidymitim  urt>  Bo|>arattsl  frum  yttrium  and 
prbiam  by  adding  an  oxuess  uf  potaitsiwn  fvlpiiate^  which  thruwit  duwu  the 
cerium  mt'talH,  loaring  yttrium  and  tTliium  in  Bnhilion  ;  io  Inituri^  com- 
plutA  precipitation,  tbo  solution  muat  be  luft  in  contact  for  &omo  lime  wil 
a  pi(*ce  of  solid  polaHsium  Hulphatn. 

Orium  may  be  st-parati'd  from  lanthanum  and  didymium,  aa  alroa*!; 
obiMtrved,  by  treating  the  mitt'<i  oxidra  B*-'Vt.»ral  limt's  with  wi/riV*  add  (ji. 
^7).  Anothitr  mHtfafnl  iii  to  boil  the  wixtxl  oxi<lt>tt  (thi'  c*>rium  lH.'ing  iu 
tlift  fltati*  of  ci>rio  oxiilc)  with  wilution  of  tai-amtattuiar.  Tbu  Iftnthauui^^H 
and  didymium  then  gra<lually  dis^oh'o,  &s  chlorides,  while  the  ct*rium  ra^m 
mains  as  cicrio  oxido.  A  tliird  mt'th'td  i^  to  i>r(H;ipitate  tlio  solution  of  the 
thrpe  mctaU  with  cxcfsn  uf  jmtoah,  and  pa^it  chlorine  in  exci*t>n  tlimugh  the 
ftolulion  and  prt^cipitatv  ;  thu  cfrium  is  thi*u  bc|>arated  u»  brii;lit  vidlow 
ooric  liydratu,  wlitK^  t)iu  lanlbanum  and  didymiuui  rtj-dis8f>tvu  ok  cliloridt*!^. 
This  riMction  bltvos  to  dt'toot  rt'ry  Knmll  quantities  of  oiTium  mixrd  with 
tli»  iithtrr  two  metaU.  Cerium  in  furtluir  diiitingui^bed  by  thn  lighl-y<*llow 
color  of  nnhydrourt  eerie  oxide,  and  by  lh«  reaction  of  its  c^mipounds,  when 
fused  before  thu  blowpipe  with  borax  or  phosphorus  salt,  the  glass  thua 
foriaed  being  ibwp  red  while  hot,  and  Ijecoujiiig  colorless  on  entiling. 
Didymium  la  distinguished  by  the  dark-brown  cjlor  of  its  higher  oxido; 
by  the  pale  rose-color  which  its  salts  impart  to  a  U*ad.  of  borax  or  plunt- 
phorufi  salt;  anrl  by  the  peculiar  character  of  ita  at»orption-Bpectrtim  (p. 

The  melhiMls  of  separating  lanthannm  from  didymium,   and  yttrii 
from  erbium — imperfeel  at  the  best — have  been  already  noticed. 


IIaSDFAOTUBB  or  OlABB,  PoHCK[.At.V,  ASD  Eartuss-warb. 

Olaaa. — (Jlass  is  a  mixture  of  various  insolubb'  siUtates  with  exceM 
silica,  altogether  destitute  of  crystalline  structure;  the  simpbi  ntlicfttefl, 
formed  by  fusing  the  bases  with  uilieic  acid  in  ei[uivaU-nt  pn>portiuns,  very 
ofteu  crystallize,  which  happens  also  with  the  greater  number  of  the 
natural  silicates  included  among  the  earthy  minerals.  Compounds  iden- 
tical with  some  of  tht^e  are  also  <HK:a8ionaHy  forme*!  in  artificial  prorensiw, 
where  targe  moitses  of  melted  glassy  matter  are  siiETered  to  cool  slowlj^^H 
The  alkaline  silicatt«,  when  in  a  state  of  fusion,  hare  the  power  of  diS^M 
solving  a  large  quantity  nf  silira.  ''' 

Two  principal  varietii^s  of  gloss  are  met  with  in  commerce,  namely,  glass 
composed  uf  silica,  alkali,  and  lime  ;  and  glass  containing  a  large  propor- 
tion of  lead  Bilieate  :  ctoich  and  fiate  gltisa  belong  to  the  former  division  ; 
,//in(  y/4f«Jt,  and  the  material  of  artificial  gems,  to  the  latter.  The  Irod 
pnmioted  fusibility,  and  confers  also  density  and  lustre,  ('oinmon  green 
boltlo-gla^s  eimtains  no  lead,  but  much  silicate  nf  iron.  deriv4«tl  from  tlie 
impure  uiAleriuIs.  The  princtftUf  of  tliM  glufis  manufacture  ih  very  simple* 
Silica,  in  the  shajM  of  sand,  is  heated  with  potassium  or  sodium  carhonat4|| 
And  slakeil  liiuo  or  lead  oxide ;  at  a  high  temperature,  fuition  and  comi 
nation  occur,  and  the  carbonic  aoid   is  ex]M.dled.     Ulauber'a  aott  mti 
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with  nliarooal  ia  Bomvlimvfl  substituted  for  whIa.  When  the  nmltod  miuii 
hns  b**oomt;  i>««rfi>rtlv  cW'ar  and  fr«e  from  air-lmtiblti*,  it  is*  Irfl  lo  cool  until 
U  asriuinuri  tlio  pifuUar  t^fMuciuus  uoiidltion  propor  fur  working. 

'I'liu  upcratioii  of  fusion  in  comUivUMi  iii  large  trucUilea  of  ryfraL^tory  firo- 
olay,  wliiuh  in  thi*  caau  of  lead-glAttt}  are  cwrrod  by  u  (tome  at  the  tup,  und 
hnvti  lui  npeiiii)^  nl  tUti  Hidt;,  by  wliicU  tliu  uiuIltiuU  are  intri^JuceU,  and 
thi?  mcltttl  glass  withdrawn.  On<at  earn  ia  vxt*rcit)tNt  iu  the  chuice  of  tlia 
sand,  wliicli  mu^t  be  quite  white  and  free  from  truu  uxido.  Red  lead,  uud 
of  the  higher  oxidi*a,  in  proft'rrpd  to  tithargu,  allhuu>;h  inimediat4.'ly  r&> 
duuod  to  monoxidti  by  the  heat,  thu  Uberaled  oxygun  serving  to  destroy 
any  oombustihlc*  matter  that  might  aooidentally  find  ilt>  way  into  the  cru- 
cibki,  and  stain  tht*  giass  by  rfdut-iiig  a  jMirtion  of  the  lead.  Tolash  givufli 
a  IxHtfr  gla»»  than  aoda.  olthuugh  the  latter  is  %'ery  guncrally  i-mploy«>fly 
from  its  lower  priee.  A  uertain  prupurtioii  of  brokeu  and  Huiittf  glu&H  uT 
the  Banie  kind  is  always  added  to  the  other  luatt'rifilH. 

Artiule«  of  blown  gla«ti  are  thus  made  :  Thti  workman  begins  by  uoUuvt- 
Ing  a  jiroper  quantity  of  itoft  ]>a«ty  glasn  at  the  end  of  hiit  Uotcpiftr^  an  iroo 
tubr  of  five  or  fiix  U^t-i  in  length,  terminat<*d  by  a  niouth-pieee  of  wood; 
he  then  U^ginii  blowing,  by  which  the  lump  ia  expanded  into  a  kind  of 
flask,  tiusceptible  of  having  it<<  form  modified  by  the  position  in  which  it 
hi  hi'ld,  and  the  velutity  of  rotation  uintiuuully  given  lo  the  iron  tul>«. 
If  an  op(*n-moitthiHl  r(«sel  ih  to  Iw  made,  an  iron  rod,  called  a  pontU  or 
pymtil,  is  dipped  into  tlu<  gln«iH  ]>ot  and  applit^l  to  the  tK>ttt)ui  of  the  llask, 
lo  whii'h  it  thus  aervea  as  a  handle,  the  hli)\rpip<*  Ih'ing  rmnoviHl  l>y  Ihu 
application  of  a  wdd  iron  t^  the  neck.  The  vessel  is  th»n  reheate<I  at  & 
holt*  It'ft  for  the  pnr|>o<ii<  in  the  wall  of  the  furnuee,  the  api^rture  enlarged, 
and  the  vessel  otherwise  alt«*rud  in  figure  hy  the  aid  of  a  ft'W  Kinipli<  ttxiU, 
until  completed.  It  is  thnn  detacluwi,  and  carried  to  the  annealing  oven, 
where  it  undergiH^  slow  and  gradonl  cooling  during  many  hount,  the  ol»- 
jeot  of  which  ia  to  obvinlf*  tlm  fxe^-ssivf  brittb'ni«s  alwayn  rxbiblt«*d  liy 
glnss  wlvirli  hoi)  been  qiiiekly  r«H»led.  The  large  circular  hthirx  of  crown 
gltUtM  iiri>  madn  by  a  vitv  4<iiriouK  pror^Mts  of  thin  kind  ;  thi>  globular  tInMk 
At  first  proiluced,  tranhfcrn''!  from  the  blowpifx)  to  the  jKiulil,  la  Ruddenly 
mailu  to  aiiBume  tin*  fonii  of  a  flat  ditsk  by  Ibn  centrifugal  force  of  the  rapid 
rotatory  inovemfnt  given  to  the  rod.  I'lalt^  glass  is  ca5t  upim  a  lint  metal 
table,  and.  after  very  c^ruful  annoaltng,  grounrl  true  and  polishcii  by 
suitable  machinery.  TuU'S  are  made  by  rapidly  drawing  out  a  bollnwr 
cyliiiiii-r  :  and  fnini  these  a  great  variety  of  mteful  small  appnrain^  may 
ih*  (xmstructfd  with  tin"-  help  of  a  lamp  and  blowpii>e,  or,  still  better,  the 
bellows  table  of  the  lmromct»^r-niak»'r.  Small  tuht»9  may  l>e  Itcut  in  the 
flame  of  a  spirit-lamp  or  gas-jet,  ami  rut  w  ilh  great  ease  by  a  file,  a  scrntcti 
being  made,  and  tlu'  two  yMjrtions  pullL<<l  or  broken  asunder  iu  a  way 
easily  learned  by  a  few  trials. 

Spei-imeuN  nf  the  two  chief  varieties  of  gloBfl  gave  the  following  reaultc 
on  analvHiA  : — 

Bohrmlau  plate  gUia  (exeellenty 
SilicA       ....     fio.n 
Potassium  oxide      .        .     25.0 
liiiue        .         ,         .         .12.5 


97.S 


EnglUh  fllot 

«!•-. 

Silica 

. 

. 

51.93 

Potaas 

urn  oxide 

, 

13.77 

Lead 

. 

, 

33.28 

I 


99.»8 


The  difficultly  fusible  white  Bohemian  tube,  so  valuable   in   or^anle 
ftnoly^tla,  ha«  Lwen  found  to  uuntain,  iu  100  part»— 


I 


MANUFACTDEB   Or   QLASS. 

Silica TUm 

lAmv,  with  tr»M  of  *lu«Di»A  ••<• 

Maguvsia       .         •         •         .                  ■  «4i 

Potnasinm  ovida  ••....  ICW 

Traces  of  mangaucAf,  etc.  Ai*ti  \«m»      •  «3S 

Differroit  rolun  arp  oftf-a  oumnutiicat^d  lo  kIah  tgr  malaHif  nr'nfaa 
Tliuf,  t>xiti«  of  cobalt  givM  dasp  Ma^:  oxid«  of  ■■■(■■«••,  mmAjvI; 
cuprous  uxi'le,  rubz-rv-d  ;  ca|)Hc  oxidi-,  grara ;  thm  axidm  tk  lf«n,  4all 
grtytfU  or  brown,  et«.  Tlit^e  an*  eitlnr  ail'l««l  Ut  tbn  iii«>ll*<cS  cotilrtit*  t'lf  tlk* 
glods-pot,  iu  Mhich  till*/  rluiAolvv,  ur  appli<<rl  in  a  [larticalar  maiUMf  Iv  Um 
surface  of  the  plat«  or  >itber  ubjii't.  wliicli  t^  thru  r<-b«-at''<t1.  until  ftulon  of 
th*<  uolnriiig  loaltt^r  ocoun :  aucU  i*  lb**  prtuliiv  of  f'tiautrlliUje  aiul  f tuM 
painting.  Au  opaque  white  upiH-arauiT  t»  girru  by  osidr  of  Itn;  tb*  HUM 
md  of  Wfttcb-fiic«s  is  IliUiJ  preparfl. 

Tt*u^f.nrd  (rluM. — Wbfii  urJiiuLTV  glaae  i»  beatml  till  U  b<»v»»-»  ♦"  -''fitffi, 
thcu  plting«-«i  inlvi  iui-lt««l  paraffin^  wax,  nr  *»tb*'r  nulBtan  a|  • 

(y>iiiparativL'l7  low  teiupomturt',  and  tlu-ri  b-ft  xr>  cool  ^t^\-  ■  "uua 

very  tough,  »o  that   it   mav  Ijc  struck  or  thrown  vu    ■  .-t  without 

breaking.     It  hai)  aUti  Ai-quin^  greater  puwrrof  r**  '    and   ninjf 

be  heated  Lo  reduefta.  then  dipped  into  ttdd  water.  > 

held   in   the  flame,  witltoiit  injury.      Hence  it  ia  •»> 

chLmney<i  and  for  culiiiarr  vestteU.    When  it  drM-d  bT'  .i!> 

up  into  a  uiultitud*>  of  iui)iute  angular  fraKiiK'iitji,  in  .  Mth«s 

Btrii<:lurf,  the  eici!<t^-nre  of  whifli    ta  txinfirmed   by  tL'    .-;. ,    ..i...  (  tb« 

toughened  gla^  in  po1ari2e«i  light. 

.Wu/^c  (JLiM. — VVh<<n  iilica  is  melted  with  twirai  its  weight  nf  |H»ta«fllnra 
or  hfMlium  carbntiate,  and  the  product  treated  with  wat4*r,  the  >:rNiter  nnrt 
disDolret^,  vieblin^  a  nidation  from  which  acida  precipitate  gelatinous  iilica. 
TttiM  '\6  inimfJr  tfloM  or  im/rr  tjiot*:  ita  solution  ban  beeTi  um*.**!  fur  rfDiIt-riiig 
mottlin  and  other  fabrioa>  of  i.-«it(on  or  \n\vx\  It«s  rointmatible,  for  making 
artificial  iitou4%  and  preserving  natural  stones  frrun  decay,  and  fur  a  pecu- 
liar atylf  of  mural  painting  called  nUfeoihuiny,* 

Poroelain  and  Barthenwara.— TTir  pUntlcitr  of  natural  clays,  and 
their  liAfdeiiini;  when  f\[>«"-*e*l  to  lieal.  are  projH-rtie*  which  snjrfce8t«d  in 
very  early  times  their  applii-uli>>n  to  tlie  m.'iking  of  resseht  for  the  various 
purp<PH<r<i  of  daily  Itf''  :  thtre  nre  few  braueh*i>  iif  industry  of  higher  anli- 
qntty  tlinn  that  i*KerciK>>d  hy  the  ]Kitter. 

True  porcelain  it^  dihtin^uishiM  from  earthenware  by  very  ohviouti  eha* 
raeters.  In  porcelain  the  Uxly  of  the  ware  is  very  compact  anti  truhalu- 
cent,  and  breaks  with  a  (nnuhoidal  fracture,  ffympu^tmalie  of  a  <*on)menre- 
moul  of  fu»iion.  The  irlaxe,  too,  appliiKi  for  giving  a  perfectly  smooth  iur- 
focv,  is  closely  a«lherent.  and,  iu  fact,  griulualtif  by  insen-^ible  degrcfti  ihto 
tho  8Qbistanc«i  of  the  body.  In  earthenware,  on  the  contrary,  the  fracture 
U  open  and  earthy,  and  the  glaze  detjiehable  with  greater  or  leas  facility. 
The  compact  and  partly  glassy  character  of  porcelain  i.t  Iho  rMuU  of  tbo 
admixture  with  the  clay  of  a  iimall  portion  »f  Kojue  HulK^tani^n  such  ax  fel- 
spar, or  a  calcic:  or  alkaline  itilicnte,  which  la  fuitible  nt  the  temj>eraturc  to 
whicii  the  ware  is  exposed  wlien  baked  or  ttred,  and  l>einp  abftorbe*!  by  the 
lests  fusible  portion,  bind»  the  wliol**  into  a  HoUd  mass  on  cooling.  The  clay 
employed  in  jiorcelain-making  it*  always  directly  derived  from  decom|M»8ed 
felMpar,  none  of  the  days  of  the  secondary  Dtnita  Inong  pure  enough  for  the 
purpose;  it  must  Ih- while,  and  free  from  iron  oxide.  To  dimlniab  the 
»mtraclion  which  this  substance  undergm^s  in  the  fire,  a  quantity  of  finely 


divid«Ml  silica,  carefully  prepared  by  crushing  and  grinding  calcinud  lUuta^H 
^K       ■  Sec  Rlchardsoa  and  Wnlfa  Uhemloal  'rcohaolofy,  vol.  1.  paK  Ir.  pp.  OhlOi.    ^^M 
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nr  t'hert,  is  added,  together  irith  a  proiwr  proportion  of  felspar  or  othi 
filjtiblL*  luaterJal,  also  rotluct^d  tu  itiipulpaUe  ])OVirdi*r,     TUu  utmost  pail 
i&ru  takon  lo  iitTact  jMirftici  unironoit.v  of  mixture,  and  to  aroid  tUu  iiiti 
duction  of  pariicUtt  of  grit,  or  otii'.T  fnri-ign   Ixxlie*.     The  waro  itself 
fn^hiontvl   oitluT  on   the  jmiIIit'ii  w  h»H'l — a  kind  of  vortiinl   latlu — .»r  tiSl 
mnuldd  of  pl.'uitur  of  Taris,  and  drivd  lirtit  iu  thu  uir,  al'tti  m  aattb  by  art  id-! 
cial  b*'»t,  and  nt  leu^th  L-<jinpU'tt?Iv  hardened  hy  exjKwure  to  the  teiniMTl^i 
turn  of  ignition.     Tho  jinnaii*  tnacuit  Is  now  fit  to  n.'ccive  ita  glaz<%  whiehj 
may  \w  *'ither  ground  foUpar,  or  m  mixture  of  gypsum,  silita,  and  a  little 
porcelain  vXtty,  diffuswl  through  watof.     The  piive  is  dipp«<l  for  a  inouiei 
into  this  mixture,  and  withdrawn  ;  the  water  sinks  into  it«  subslanoe,  ai 
the  p<>wd>*r  reiuaioti  evenly  ttpreud  upou  \ta  surface ;  it  is  once  more  driedi 
and.  lo^tty,  llred  at  an  oxotiMiin^ly  high  tomperature. 

Tho  poreelriin-furnacti  is  a  cirvular  structure  uf  masonry,  having  several 
firo-plaiTtt!!,  And  surinountetl  by  a  lofty  df^aiie.  Dry  wikm!  nr  txuil  is  i:<»iiiiunMnl 
as  fui'l.  and  itn  llauu>  dlreclinl  into  tho  interior,  an<L  mudo  to  circulato 
urouud  and  niiioug  tho  earthen  casim,  or  tnjgtirt^  iu  which  tho  artiuleti  lo  Iw 
fin^il  arir  jKicked.  Many  hours  are  rf^<quirc(l  for  this  operatjun,  wliich  must 
bo  vory  earefuUy  managed.  After  tho  lapso  of  eovcral  days,  when  lU«^| 
furnnee  has  couiplotcly  cooled,  the  ouut«uts  ore  removed  iu  a  tinished  stat«,^^| 
so  far  as  rei,'ards  tho  ware. 

Tho  ornamental  p:irt,  eonslstlng  of  gilding  and  painting  tu  enamel,  has 
yot  to  be  oxeouled  ;  after  which  thw  pieces*  arc  again  heated,  in  order  to  flux 
the  oolara.     The  operation  Xvha  Honu'linnts  to  Wi  rejM>ated  more  than  once. 

The  manufactuTH  of  pijrttelain  in  Kurnpe  is  of  moileru  origin  ;  tho  Chiut?s« 
have  poiisossod  the  art  from  tlio  commencoraent  of  tho  seventh  century,,] 
ani  their  ware  Is,  in  some  n-ispert-s,  alloijether  unetpialltHl.  The  Hiati*rinttJ 
employed  by  them  are  kuown  to  be  kaoiiH  or  deooiiiposeit  felspar  :  jM^unUe, 
or  ijuurtz  reducod  to  13ne  powder;  and  the  aahea  of  fern,  wliich  contain' 
potoisium  carbunitc 

.SVonnrrir'*.— This  is  a  coarse  kind  of  porcelain,  made  from  olay  contain- 
ing uxi'le  of  inin  and  a  littlt*  lirae,  to  which  it  owes  its  |>ar(iAl  fusibility, 
Tlie  ghizing  is  perfi»niied  by  throwing  C4)uim<in  salt  into  the  heated  fur- 
nace ;  this  is  vulatilized,  and  ducomposf^d  by  tho  joint  agency  of  the  silica 
of  tho  waro  and  of  the  vajwr  of  waUT  always  present ;  hydrochloric  acid 
and  sola  are  produuvd,  thu  latter  funuing  a  silicate,  which  fufoa  over  tho 
surfauu  of  the  ware,  and  gives  a  thin,  but  excellent  glasn. 

J'Mrthenieure. — The  (Itiest  kind  of  oartlienwaro  is  made  from  a  white 
ondary  clay,  mixed  witl»  a  cumsiderable  quantity  of  silica.     Thn  nrti 
aro  thoroughly  dri.«d  and  Bred  ;  after  which  tliev  are  dipped  into  n  readil 
fusible  gla«o  mixture,  of  which  load  oxide  Is  usually  an  imi>«>rtAnt  ingrtt-i 
dient,  and,  when  dry,  rehent'Hi   Up   the  point  of  fusion  of  Ihc  latter.     Th«i 

Iwliolo  process  is  much  easier  of  exwutinn  than  the  tnftkinc  of  i»oroclaiu, 
and  demands  loss  earo.      The  ornamental  d^^rtigns  in  blue  and  other  c-dnra,' 
BO  common  upon  platea  and  honsehuld  articles,  are  printM  ujmn  paper  im 
enamel   pigraout  mixed  with  oil.  and  transferred,  while  still  wet,  to  the 
uu^lazed  ware.     When  the  ink  b<K:omefl  drv,  tho  paiwr  is  wa»hed  off,  andl 
the  glazing  oonipletod. 
Tho  coarior  kinds  of  earthenwaro  are  sometimes  covered  with  a  whftla^j 
opaque  glaze,  which  etmlains  the  oxides  of  lead  and  tin;  Furh  glaze  ii' 
very  liablu  to  iMt  aitacki-.!  by  acids,  and  is  dangt'rous  for  cnllnary  vesseli, 
Crucibbvi,  when   of   goo.!    qnality,  ar«  very   valuable    to  the' ehemisl. 
They  arc  made  of  clay  free  from  lira^»,  mix)>d  with  sand  or  ground  ware  nf 
the  aame  description.     The  Hi*ssian   and  (Virnlsh  crucibles  arw  amnttg  ih 
h«8t.     Sometimes  a  mixture  of  plumbago  and  clay  is  emplovt^  for 
s  ■  -       - 
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Bamn   pur[>ose  ;  and    powdered  coke  haa   I»een  aUo   used  with    ibe  earth  jj 
anoh  eruoihlm  bear  rapid  rhange«  of  temperatoro  with  impunity. 


MAONEHICH. 


355 


DYAD  METALS.— GROUP  11. 


MAONESrUM. 

Atomic  wel|{bt|  34.    Sjmbol,  Mg. 

TnlB  mptal  waa  fortiifrK*  clus-stHl  witli  Mio  iiirtals  of  tlip  alkalin**  fflrtliSf 
but  it  is  luuuli  more  nearly  ri'lnt>.>ii  tu  zinL'  liy  its  jiroptTtieu  in  thu  free 
fitalff  OA  wtfll  aa  Uy  the  vulatility  of  itn  chluritle,  tlie  MtlubiUtjr  of  JU  Bul> 

Ipliuto,  aud  th)*  idottiorpliiiiiu  of  srvrrul  of  iUi  vouipoundis  with  tbo  analo- 
■duhI/  coiiiititutoti  coiii|xiuiu1h  uf  £illC. 
I  MAgiirHiuiu  oix-urif  iu  tint  niiiit-rul  icingdnmaa  hydrnte,  carbonati;,  lM>r»ti% 
bhoHphalf,  uulpliatt*,  au<l  nitratv,  ctoiiit:>iimi^H  in  tlie  nolid  state,  iM>nH>tJiiu>a 
libBulvcd  iu  miiitTAl  waU'rs :  mai;iie»iari  linieatoue,  or  doluuilti*,  wliich 
kriiu«  tfUtire  luouutain  lua^^et),  i^  a  carbonat*-*  of  maguvgium  aiid  L'aUiiiui. 
llagiHttiuiii  aUo  iK-^Mini  as  liilicale,  c-ontbinisl  with  othrT  Bilieateg,  in  a  va- 
rii'ty  of  iiiiiifralK,  on  •4tt.*atiti%  hornblcridi.*,  augite,  tak%  vtc.  ;  also  as  ahimi- 
nat(^  m  tipinoUe  and  zt-Jlanite.  It  likuwiM?  oL-oiirH  in  tlio  IxmIii'h  of  plants 
Aiid  uiiiiuuttt,  cliielly  aa  carboualo  and  pliotiphutu,  uud  iu  txiiubiuatiou  with 
organic  jiciils. 

Mittallio  uafnt^ium  ia  prt^part^I  : — 

1.  liy  tht;  oWlrulvHiH  of  fiiHpd  uingiKtduni  chloride,  or,  bctttT,  of  a  mix- 
ture of  4  utolecuU-if  of  magueaiuin  cidurid"  and  3  nioleciit<>«  of  potii»hiuiu 
chloride  with  a  small  quantity  of  Hal-ammoniar.  A  wnvrnirnt  way  of 
eflV^utlng  tliL'  ruductiuu  in  to  fut>c  the  mixture  iu  a  common  clay  tobaeoo- 
pipH  over  an  Ar^and  spirit-lamp  ur  gaM-buruer,  tht*  iitrgativL*  {riIv  bt^iu);  an 
iron  wire  piiH.<iiHl  np  ttj«  pip4)-6tvm,  and  tht*  jtoaitivt;  |hi1u  a  pict-tT  of  gaa- 
ook«.\JuBt  toiiihing  thv  eurface  of  tho  fusod  chlorides.  Ou  passing  tho 
current  of  a  bntti-ry  of  ti'ij  Unniten's  celU  throu)ch  tlie  arrangement,  the 
magn)*itiuni  «ilh*ctH  round  the  extremity  of  tlie  iron  wirH. 

2.  Magnesium  may  bu  preparwl  in  much  larjier  qnantity  by  rMarinR 
tria}nti*»ium  ehlori<le,  or  the  iloubU*  ehlorlde  of  matini-Kiuni  and  siMJium  or 
potassium,  with  tnetalliii  SLMlium.  Tlio  double  clilorideiK  prepareil  by  dis- 
iolvine  mafni(^iium  carlkonnte  in  hydrm^hloric  acid,  addiug  an  equiralmt 

[uantity  of  notliara  or  potawtiiim  ehlorid*.*,  ttrajKirating  to  dryutiflu,  and 

Ltting  Ihe  n-Hidnt*.     Tlits  prfidiirt.  heat«Ni  with  sodium  in  a  wnmpht-inm 

UMbl<^,  yiiddH  metaUia  magm>Hium,  containing  certain  impurities,  from 

rldeh  it  may  lie  fr«M^  by  distillation.     Tbii4  prooeHit  itt  now  carriml  out  un 

le  manufacturing  scale,  and  thi^  magnesinm  itt  drawn  out  iuto  wire  or 

■uted  into  riband  for  buruing.* 

M.igntttium  jr  a  brilliant  m<'tal.  almost  ns  white  as  ailvor,  somewhat  more 
rittle  at  common  temi>erature<>,  but  niaUenhle  at  a  heat  a  Uttle  below  nM- 
Its  fipeuific  gravity  in  1.74.     It  mt^Its  at  a  rtnl  heat,  ami  volatilizes 
tt  nearly  the  same  tem|N!>ratur(>  aa  zinc.     It  retains  its  lustre  in  dry  aiff 
but  in  moist  air  it  lx*c«Mni>6  eoverod  with  a  crust  of  roagiiei^iA. 

Magnifsiuni  in  the  form  of  wire  or  rtl>and  takes  fire  at  a  rt^d  heat,  burn- 
ing with  a  dnxzling  bluish-white  light.  The  flame  of  a  candle  or  spirit- 
lamp  is  surticient  to  inflame  it,  but  to  insurt<  wnlinuous  eimibustion,  the 
Jetal  mn.Ht  be  kept  in  oontaet  with  thi*  flame.  For  this  jiurpose  lamps 
e  confttrncted.  providi^l  with  a  rat'chani»m  which  continually  pushes 
ree  or  more  magnesium  win«  into  a  itmall  spirit-Hame. 
Tho  ma^Htisinm  tlame  produces  a  continuous  spwilrum,  containing  a  very 
»  For  it«>iiilla  or  the  miaufacturinK  pmccis,  are  Klchardion  and  Watti*i  Cheinl- 
.1  Tochnolocyi  vol.  1.  pirt  v.  pp.  s;»(H89. 
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large  proportion  of  tlie  niorv  rrfranpibh^  ray  a  :  Uvncf  it  is  wtU  adapted  for 
photugruphy,  and  has,  iiidtHvl,  Ihm'h  u*ird  Tor  taking  pliot<igruphf>,  in  the 
abstiuco  uf  thtf  Hiiii,  or  in  plact'tt  wboru  uujiljght  oiiuuot  penetrate,  aji  in 
oavmi  or  HtibtiTraiu*an  npaitaifutti. 

Magnesium  Chloride,  MgCl,. — When  iuaf;npsia,  or  ita  carbonate,  Is 

dissolved  lit  liV'iruL-Uluric  ut-id,  luaj^uti^iumchloriilo  and  waturaro  produced  ; 
hut  whiMi  thi.4  stiUitioii  ih  t'vajHirattil  Xo  dryiwri.s,  the  hint  |>urti<.ins  of  wattT 
are  rutaiueil  with  snvh  oWtiiiacy,  thaldi'cuuiiHjtiitiunofthL' water  i^  brought 
about  b,v  tlitf  concurring  attractions  uf  ningiifftium  for  ox.vgt^n,  and  of  chlo- 
rint!  for  hydrogen  ;  hydro(.'hlt»ric  tu-id  i»  expidlrd,  and  umgneHia  ri'Uiains. 
If,  howevt-r,  t)al-aiuuH>niaL*,  ]>otatitiiuni  eliloride,  or  Hodiuui  cliloridi*  h  pn*- 
scnt,  a  double  salt  i»  prmluecd,  whieh  ih  eaMJly  rendered  anh,vdriiu».  'The 
best  niodo  of  preparing  the  chloride  Ih  to  divide  n  quantity  of  hydrochlurio 
ai'id  into  two  equal  iMtrtiuuM.  to  neutrnlisie  one  witli  umguesia,  and  the 
other  with  aniiuoniA,  or  cjirlfonnte  of  auintonia  :  to  mix  theae  solutions, 
G\-a|Krrate  them  lo  dryneus,  and  llien  ex|>o84i  the  salt  to  a  red  heat  in  a 
hxist'ly  t.iovered  porcelain  cruciblv.  Sal-anutuniac  Bubliuies,  and  magnesinni 
chloride  in  a  fuDe<l  8tate  remains  ;  the  laltvr  in  poured  out  npon  a  dean 
stone,  and  when  wld  transfern-d  to  a  well-slopped  bottle. 

The  ohloride  so  obtained  in  wliite  and  cry»lalline.  It  ts  vcrj  deliqupR- 
cenl  and  higlil/  scduble  in  water,  from  which  it  cannot  again  be  recovered 
by  evflporation,  fur  the  tfnaviiti  juvt  uieulioitetl.  When  tong  expoi^ed  to 
the  air  in  thu  melted  utate,  it  ie  converted  into  magnesia.  It  is  soluble  in 
alcohol. 

Magnealam  Oxide,  or  MagTieela,  Mgt^. — This  oxide  is  easily  prepared 
hy  exjM>!«iiig  thi*  innijntxia  filtm  of  pharmacy,  which  is  a  hydroearlfonate,  to 
a  fuU  rwi  heal  in  an  earthen  or  platinum  crucible.  It  foruui  a  soft,  white 
powdt-r.  which  slowly  attracts  moisture  and  curUmie  acid  from  the  air,  and 
unileH  qnii'lly  with  water  lo  a  hydrate  which  p<»8e«8e«  a  feeble  dpgr*'e  of 
solubility,  rtHiulring  alx.ut  MHXi  parts  of  watt-r  at  15.5©  C.  (GttO  F.)  and 
3G,U(m  parts  at  HHiO  C.  (UI20  >'.).  The  alkalinity  of  magnesia  can  only 
be  olecrved  by  jdaciug  a  small  i>«)rtion  in  a  uioistentfd  state  npon  lest- 
paper  :  it  neutralizes  acids,  however,  in  the  most  complete  manner.  It  la 
uifiisible. 

J/uyMejtiu/n  nttfJiide  i«  formed  hy  pas-sing  vajmr  of  carbon  salphide  over 
magnesia,  in  capHulm  of  coke,  at  a  strong  rt-^l  heat. 

Oxysalts  of  Maguesiom. — The  suljthtttf,  MgS*l«.7H,0,  c<nnmonlj  eallMl 
EpHDm  sail,  occur*  in  Mi-a-water,  and  in  many  mineral  springg,  and  is  now 
manufaclurwl  in  large  quantities  by  acting  on  iiiagin'hian  lini.-stmi.*  with 
dilute  sulphuric  acid,  and  separating  the  niagnc:»ium  sulphate  from  tbe 
proatir  jmrt  of  tbe  slightly  snlublo  calcium  sulphate  by  liltraliou.  The 
crysialrt  are  derived  from  a  right  rhombic  prism  ;  they  are  soluble  in  an 
equal  weight  of  water  at  5.50  c.  (41.i>o  F.),  and  in  a  still  smaller  quantity 
at  1000  C.  (2\-2P?,).  The  salt  has  a  nouswus  bitter  taj*te,  and.  like  many 
other  neutral  salts,  p<i«s4WHes  jiurgative  properties.  When  it  is  expofu-d  lo 
heat.  (J  molci  ub>s  nf  wat^«r  rearlily  pa»8  off,  the  sevt^nth  U-ing  energetically 
retained.  Magnesinm  5uli>hate  forms  lieautiful  double  salts  with  the  sul- 
phntcs  of  potassium  and  ninmoninm,  which  C'nlatn  ti  molecliioa  of  crys- 

Elallisalion-water,  their   formula    b«'ing    M;:K5CS4>,)./JH,0,   and   Mg(NM«), 
(90,),6II,0.     Thes«»  salts  are  isomorphous,  and  form  momwlinic  crystals. 
Ctirhonntet. — The  nfMtrat  mrhonatf,  MgCO,  or  WgO.CO,.  occurs  native 
in  rhombolM'dral  crystals,  resembling  those  of  calcspar,  imbedded  in  laJc- 
slate:  a  soft  earthy  variety  is  sometimes  met  with. 
When  msgneaia  alba  is'diiMotred  In  aqueous  carbonic  acid,  and  the  so- 
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toft  to  t^vAporfttc  Bp(mt5ii(H>uA*.v.  fcfuall  priRtnAtic  crjstalB  nre  dvpo- 
lloil.  rtinhisting  nf  triliyiratod  ma>;ii**sium  cnrb(»iiat<*.  Mx<''>j. 311,1). 

IB  mil  rfd  in  rtMlity  ;  it  U  a  C4>iti|><'Uitd  of  cnrliuiiaU*  wilh  livdrat*^  It  i»t 
pH'ipariHl  hy  mixing  lint  HnliitiitiiH  nf  ]>uta>it*iuiii  nr  pkkIjuui  curlMinatt!  mid 
iUii;:i)>Miuui  Kiilpliate,  the  lattiT  iK'in^  ^''pt  in  Hlight  i.'Xi!V8m,  boiling  Um 
wliiiitt  a  fi.-w  iiiinut»'<i,  during  wliich  tiia**  much  cArlwnii;  acM  in  dinfnf;aj;5«"d, 
and  whII  washing  the,  ]>reoipilate  »o  pnnluL-eil.  If  the  8<i1utiun  is  very  di- 
lute*, thu  tUAgiK'Hia  altm  iti  ezci'Miingly  light  uurl  bulky  ;  if  othi^nvittt!,  it  ta 
deii!)er.  Thv  oonip'Riition  of  thiK  pri'itipitut)*  iK  nut  |K>rf('ctly  cunataut.  In 
most  casf?s  it  crMitAinb  4M(:('0,.M)/ll,0,.tiA4. 

Ua^Ui'niia  alba  ia  Mlt>;hliy  solulde  in  water,  specially  wh«n  cnld. 

Mti'jmsuim  phosf}fuitr,   MgHI*»\.7llj<»,   Ki'p{itutt*«  in  small    w>lnrU«s  pria- 

Littc  cryiital>i  wh<^n  snlutiuus  of  Hodiuni  pli'Mphnte  and  mai^nuitium  aul- 

^liulu  are  mixed  and  Huffrntd  to  stand  for  Hotnt^  time.    Acotirtling  to  tirnham, 

U  mdtiblo  in  alNiUt  10(K>  parts  of  wid  watvr.     Magni-Hiuin  phL«pliato 

[inta  in  tlie  gratD  of  thu  cereals,  and  can  be  dirtvc-tL*d  in  con8idi<rabl« 

lantity  in  Im^^t, 

Ma'jnfaittm  and  Ammonium  Pttosphtite^  Mj;(Nn,)PO,.tfH,0. — When  ammo- 
[u  iir  tilt  iiarlmnatH  i.<4  mixed  ivilli  a  magniftiuni  salt,  and  a  Mnhibln  phoH- 
hut(>  La  a<ldt'd,  a  crystalline  pnaipitatv,  having  the  alx)Vi>  c()mi>nt«itii*ii, 
iUtid<*!i,  iunnt!xliat(dy  if  thi5  solutionis  nrv  nnw't-ntrnltil,  and  afttT  :«ouio 
mn  if  vt*rydilutH:  in  Ilm  tatt<'r  i'as*««,  tlit^  j>r«*<  ipitation  iw  pronmli'd  hy 
Irririg,  This  salt  Ih  sli^s'htly  soluble  in  purf*  watt*r.  hut  nearly  innuhihlo 
valine  and  nmmonimTal  liquids.  Whou  h«'atfd,  it  gi^'w  off  vratvr  and 
Hiia,  and  is  cnuvt-rtt'il  inUi  nuujnr^nm  tt^rajthuH^^ntf^  ^Ifai^'s^^l  * 

\X  a  strong  re*!  hi^at  it  fuses  to  a  white  cnameMiko  mass.     MBf,me<iinra 
id  ammuniuui  pli<^phatu  sumullmuii  furuitt  a  uriu&ry  caleulua,  and  oivura 

ia  ;;uano. 

In  analynid,  magnesium  tfl  oft«n  soparaifHl  from  Holutions  by  bringing  it 

Ito  this  fltate.     TJi«  li(|tiid,  fm;  from  alumina,  limo,  etc.,  in  mixtnl  with 

lium  phoftphatu  and  excess  of  atnin'>nin,  and  gently  heated  for  a  «hort 

iw.    Tho  pre<M'pitat4.«  is  oolleuled  uimhi  a  tiller  and  IhomuKhly  washed  wilh 

wAtvr  CfUlainiux  a  little  ammonia,  after  whioh  it  is  dritHi,  igntlv<l  lo  red- 

Dt^.H,  and  weighed.     Th«  proportion  of  magiiMtia  i»  then  eaaily  (VilculatcKl. 

rSUicatfjt. — ^The  f-illowtii";  natural  eom|H)undM  hidong  to  thifl  dans  :  (hrtf' 
'Ue,  MgySiO^  ^  -M^O.SiO,,  a  L-rystaUixed  mineral,  8nnietim<M  (•mploywl 
br  ornamental  puriMwea  :  a  iKirtion  of  the  mA>;nf<4ia  iu  ifimmonly  replaced 
by  ferrou»i  oxide,  whit  h  e<jmmunioAt*>i4  Apreen  color.  AfrtTScitrium,  ^M^I^JO^. 
SiO,  ^  2Vjf().ii.Si(>,,  isi  a  soft  se^-tile  mineral,  from  which  pip*»-h<»wU  aro 
mode.      Ta/c,  4M^'riiO,.SlO,.4A(|.  C«'-nlh*^l  /rfm/i/^  when  ma-ssiive),  in  a  soft,, 

Mhiti',  sectilo,  Iran-Hpareiit,  ur  tranMliu;ent  miu^Tal,  used  aa  flre«ton<«  for 
irnawM  and  atov.w,  and  in  thin  platea  for  plaiinn  tanthorna,  ete.  ;  alao, 
I  th«  BtAlu  of  powder  for  diminiKhinp  friction.  Sotipxtonf,  also  calh-^l  Bl«a- 
lt#.',  U  a  ailieato  of  magnesium  and  aluminium  of  somewhat  variable  oom- 
Mitton.  Serpentine  in  a  enmbinaliouof  nilirato  and  hydrate  of  mn)>rne*4inm. 
mid,  an  exceeiUujjIy  hanl  stone,  bruu>;ht  from  New  Zealand,  is  a  siHcatfl 
of  m.i;^neAium  and  aluminium  ;  itA  gr^en  otilor  is  due  to  ehromiuin.  AwjUf* 
id  hornblfnth  ar«  usBi'ntially  double  nilicat*is  of  magnwiia  and  l)m.\  in 
'lit'h  the  magnesia  is  more  or  Ims  replooud  hy  ita  isomorphous  substitutoi 
uxidu. 


una: 

or  I 


Minm  salts  are  iflomnrphnna  with  rinc  aalu,  fermua  KaltB,  eujirio 
ouhalt  Baits,  and  niokvl  salts,  etc.;  thoy  are  nanally  twlorleaa,  and 
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»re  eafiil.v  recogiiixed  by  lh«  following  chanioters  :  A  golfttinoiw  white  pre- 
cipitate with  caustic  alhiUeM^  including  amntnnm,  tnsolubU'  iu  t^xcess,  but 
Bolublo  in  solution  of  salfiniimmlAt'.  A  white  prreipitjito  with  jHttuMsium 
B.nd  Aoilium  curbonales,  bul  uour  willi  jiiiiuiouiuui  eartx>nalo  in  the  cold.  A 
wbitu  cryHlalliDe  prooipiUto  with  solublu  /fftocjjiatcs  on  the  Addition  of  ft 
little  auiiuouia. 


^ 


znfo. 

Atomio  weight,  C&.3L    Sj-mbol,  Zil 

!mo'5'  A  Homi-whAt  abundant  nirtal  :  it  is  ftiunrt  in  thestalH  of  cftrbonAte, 
silii'atti  and  sulphidt*,  a88ociat«'d  with  leAd-orcB  in  many  dititriet«,  both  in 
Hrilain  and  on  th««  Contint-nt  ;  largt-  aupp]ic:t  are  obtaint*d  from  ^iU^ia, 
and  from  thf  lu'ighborhooil  of  Aachitu.  Th<^  native  cArUmutf,  or  raUuHinc, 
\>  the  most  viiltiahk*  of  th«  zinc  ores,  and  i»  prt'ft'rr»Mi  for  the  extraction  of 
llie  metal  :  it  in  llrst  roasted  tn  expel  water  and  carboiiie  acid,  then  nii-xcHl 
with  frogmt'iitti  of  coke  or  charcH>alt  and  distilU-d  at  a  full  nil  hent  in  a 
large  earthen  retort;  carbon  monoxide  fScajH-fl,  while  tlif  n'dtit;Hd  metul 
volatilizes  anil  ia  eoudenaeil  by  suitable  iiieanst,  geiurully  with  minute 
qtianlUiua  of  anteniu. 

Zinc  ii  a  bluish-nhite  metal,  which  slowly  tarnishos  in  tho  air  ;  it  haa 
A  lamellar,  cryaiallim'  structure,  a  density  viu-ying  from  H.S  tti  7.2,  and  is, 
und<;r  ordinary  ciruumatunceb,  briltlt*.  Ht'twwn  l-U*^  and  IStfC  (j.  (;14^0 
and  3(>l!0  K.)  it  is,  on  the  contrary,  uialleable,  and  may  be  rolU'd  or  hou- 
nieriNl  without  danger  of  fracture;  and,  what  ia  very  remarkable,  after 
such  treatment,  it  retaimt  iU  malleability  wh*.'n  cold  ;  the  Hlieet-xiiiuof  com* 
toeroe  ia  thus  made.  At  2HlO  f.  <4HlO  P.)  It  in  so  brittle  that  it  may  Iw 
ruducLMl  to  powder.  At  412^  t'.  (773. IP  p.)  ii  niells  ;  ot  a  bright  nnl  heat 
it  lx>iU  and  volntilizen,  and,  if  air  Uj  aduultetl,  hurii^  with  a  splendid 
greenish  light,  generating  llie  oxide.  Dilute  adds  disriolre  zinc  very 
readily  :  It  'm  oouutuntly  employed  in  thia  manner  for  preparing  hydrogen 
gas. 
Zinc  ia  a  dyad  metal,  forming  only  one  doss  of  compounds. 
The  cfdoride^  ZnCI,,  may  he  prepanMl  by  he.iting  metallic  xino  In  ohlo- 
Hno :  by  distilling  a  mlxtnrt^  of  ziitr-fllin;:^  and  tv>rrn«ivQ  8ublimate  ;  ur, 
niorii  eaHily,  by  dissolving  zinc  in  hydn>ehloric  acid.  It  la  a  nearly  whit««, 
translucent,  fusible  subtitanoe,  very  soluble  in  water  and  alcohol,  and  very 
deliquescent.  A  strong  solution  of  xinn  ^ihloride  \n  Himietiuies  use*!  as  a 
bath  for  obtaining  a  gruluAtivl  heat  attove  liHiO,  '/Atic  chloride  unitt-s 
with  sal-ammoniac  and  potaj<»iuni  chloride  to  form  double  ttalt** :  the  former 
of  these,  ma<le  by  ditwolving  zinc  in  hydroehloric  acid,  and  then  adiling  an 
equivalent  qunniity  of  Hol-aumoniac,  la  very  uMefut  iu  tinning  and  soft- 
soldering  copper  and  iron. 

The  oride,  ZnO,  iii  a  strong  bostf*,  forming  8nlt9  iftomorphous  with  the 
magnealum-salls.  It  i»  prejiare*!  either  by  burning  zinc  in  atnioHpherin 
air,  or  by  heating  the  carlK>n.ite  to  rtilne^K.  Zinc  oxide  is  a  white,  toitto- 
less   powder,  insoluble   in  water,   but    freely  dissolved    by  acidit.     When 

;lieat(N|  it  tK  yellow,  but    turns  white  again  on  ciwilin):.      It  ih  getting  into 

tUi^e  aji  a  >uli8titute  for  w  hile  lead.     To  prepare  zinc-wliil**  on  a  lar^^e  scale, 
letallic  lino  ia  volatilized  in  large  earthen  niuHIeK,  whence  tho  zinc  vapor 

'^pasiiva  into  a  small  receiver  (yw/riVr).  when.*  it  eonics  in  i-ontactwith  a  cur- 
rent of  air  and  Is  oxidized.     The  zlne  oxide  thux    formed  paf^tn'it  immedi- 

at«*ly  into  a  condensing  chamber  divided  into  several  cuu]>artmunU  by 

cloths  luspendtsd  within  it. 
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The  Mulftiatte,  ZnSO^.TTIjO,  ootiimniilx  c»Uea  White  >7/nW.— Thin  ffsU  l« 
irdly  to  \h>  ditttin^tiisluMl  by  the  eye  from  mAg^ntftfum  siilphatp  :  il  m  pr«- 
rod  I'ithcr  by  dtssolviiijj  tho  uictal  hi  dUiitt.'  MiilphuriL'  acid,  or  nutre 
momically,  by  roosting  the  native  siiliihidi',  nr  hhnde,  which,  by  nbsorp- 
m  of  oxygen,  becomes  in  great  i)art  conv.>rte*liiUo  BulphAle.  Thr  n)lfri*<t 
dneml  is  Ibrown  hot  into  water,  and  thf  salt  obtained  by  evnprtrating  tb« 
(dear  solution.  Zlno  sulphate  has  an  aHtriug'^nt  metallic  toflte,  and  is  nsed 
in  ni'Mlicine  as  an  emetic.  The  crystals  tUssolve  in  2^  partii  of  <?old,  and 
in  a  much  sinalh^r  quantity  of  hoi,  water.  CryHtalu  ivtntuining  6  mole- 
cnles  of  water  have  be4*n  olwerved.  Ziuc  Hulphate  forms  double  saltd  with 
the  flulphates  of  |K»taijAiam  and  ammnnlnm,  namely,  XnKjC^OJ^.tJH^O  and 
Zn(NH,),(riO4^,.tiH,0,  iiMHUurpliuua  with  the  corresponding  uiagneaium 
flalt«. 

The   rnrhonatf,  ZnCO,,  is   found  nati\*f>;   tlie  white   precipitate  obtained 
by  mixing  aolutiooa  of  zinc  and  of  alkaline  farlK^nnteH,  i&  a  oumhination 
carbonate  and  hydrate.     Whvn  heated  to  redjiets,  it  yletds  puro  lino 
ide. 

The  mlphifh,  Zu8,  <K'<,ur8  natire,  aa  biemif,  in  regular  tetrahedrona, 
It'caliLtlnjiis,  and  othnr  nionometrie  forms,  and  of  various  eohtrs,  from 
bite  or  yellow  to  brown  or  hlftL-k,  according  to  its  degree  of  purily  :  it  is 
^*ahla^»l»•  ore  of  xinc.  A  variety,  calleii  Itfarl-  jart,-,  ortupB  HiiiMwIiat 
undantlyin  Derbyshire,  Cumlmrland,  and  Cornwall.  A  hytiratnt nulphattii 
S.UjO,  is  obtained  as  a  white  precipitate  on  adding  an  alkaline  anlphlde 
the  solution  of  a  zinc  salt. 

Zinc  salt£  are  disdnguishMl  by  the  following  characters  :    Cavgtic  pota$h^ 

and  finimnro'u,  give  a  white  prei-ipitate  of  hydrate,  freely  »(duble  in 

i-cHS  of  tho  alkali,      fhtaiuium  and   imtUum  atrbtprnitfi  give  white  jireripi- 

ti«,  iniioluble  in  excess.     Ammonivm  carbtmale  girea  also  a  white  preeipi- 

t«,   which  is  rwlissolvt'd    by   an   excesa.     IhtaMriym  J'rrrorifnnitU  gives  a 

hite  precipitate.      I/iftiroi/m  mdfthuU  eauoAa  no  change  in  zinc  ^ilnlions 

ht&ining  frei>  mineral  aHda  ;  but  in  neutral  solutions,  or  with  sine  Baits 

organic  ncidH,  sueh  as  the  ncfdnte,  a  white  precipitate*  in  formed.     Am- 

mtm  «iUitiiitir  thriiws  down  white  sulphide  of  zlnr,  insoluble  in  eaostic 

kalies.     The  formation  of  this  precipitate  in  a  nolution  ctmtaining  excws 

caustic  alkali,  servt-s  to  distinguish  line  from  all  other  metala. 

All  zinr  eoniptmndn,  heated  on  rhiirconl  with  sodium  cnrbonati*  in  the 

inner  blow-pipe  flame,  give  an  incnistation  of  zinc  nxi.lf.  whit  h  is  yellow 

while  but,  but  1m>couil'S  whito  in  cooling,      if  thiti  incrustation  be  moistened 

with  a  dilute  solution  of  cobalt  nitrate,  and  atnmgly  heate<i  in  the  outer 

,  a  fine  green  color  is  prtMlueetl. 


^"  Th. 


The  applications  of  raetallie  xinc  to  the  purposes  of  roofing,  the  comtmc^ 
tion  of  water  channels,  etc.,  are  well  known:  it  is  aufflcienlly  durable, 
ut  inferior  in  this  reap*!ct  to  copper.  It  is  much  nsed  also  for  protwting 
n  and  copper  from  oxidation  when  immersed  in  saline  solution*,  BUeli 
sea-water,  or  exposed  to  damp  air.  This  it  doe»  by  forming  an  elcclrio 
rait,  in  which  it  acta  as  the  ixwitlve  or  more  oxldablc  metal  (p.  257). 
Ivanixed  iron  consiata  of  iron  having  iU  aurfaco  ooatod  with  zinc. 


I 
I 
I 
I 


CADMIUM. 
Atomic  weight,  112.    Symbol,  Od. 


.JIB  metal  was  diacovertKl  in  1817  by  Slromeyor.  wid  Xtj  XUnnnsiTk :  it 
impanicfl  the  ores  of  aino,  eBpeoially  thoM  occurring  In  Sileaia,  and, 


860 


DYAD    METALS. 


«  lhff9R 


m 


bptng  more  volatile  than  that  sulitttance,  risea  first  in  vapor  when 

aiiiiiiH  lA  Hubjfctcd  lu  tlit>tillati>iii  with  charcoal.     C'a^lniniiii  r<>)«<'iuMcH  tin 

ill  Lvlt'r,  hill   JH  tii'uifwluil   hunirr  ;    it  i»  very  lunUraltU-.  lias  a  (Ivnsiljir  of 

h.7,  lufltA  Ix-'tuw  '2l>(P,  and  is  nt>arly  as  rolatilt;  aa  niuroury.     It  tariuHliea 

but  little  in  Iho  air,  but  bunijt  whi-a  Btruugl/  heattHl.     Dilute  sulpUi 

and  h.vdrocUlariu  aciiU  act  but  little  on  oodiniuiu  in  theoold;  nitriOi 

is  itfl  lM«t  Hiilvrnt.  

The  observed  vaiHJr-deuBity  of  caduu'um  ib  3.D4  compared  with  air,  or 
6G.3  compared  with  hydrogen,  which  latter  number  doea  not  dilTer  greatly 
from  the  half  of  112*  tho  atomic  wuigbl  of  tliu  wutal :  heucu  it  appeim 
lliat  the  atom  of  eadniium  iu  the  elate  of  vajwir  LHTcupiw)  twioe  the  flpai:«  of 
»n  atom  of  hydrogen  (p.  228). 

Cadmium,  like  ziiii.',  id  dyadic,  and  fonuti  but  one  scries  of  compouuds. 
The  Qxida,  CdO,  may  bu  prepared  by  igniting  cither  tho  carbonate*  or  the 
nitrate  :  in  the  former  caae  it  ha^  a  paU-bruwu  (Xilor,  and  in  the  latter  a 
much  darker  tint,  and  forms  octohedral  mioroHcopio  cryutaU.  Cadmium, 
oxide  is  infiisibli-:  it  di!i:Jolves  in  aoids,  producing  a  aeries  of  oolurlesa 
balttf  :  it  Httraetn  carbonic  acid  from  the  air,  nnd  turns  white.  The  *ut- 
f»hntr,  CdfcM->(. 411,0,  i^  easily  obtain<.'d  by  dissolvin^i;  the  oxide  or  carbonate 
in  dilute  Bulphurii'  a(-i<l  :  it  is  very  soluble  iu  water,  and  forms  double 
salt*  with  the  ^ulp]late»  of  putaasium  aud  ammonium*  which  contain  re- 
spectively aiK-(tiO,),.t)H,t»  ami  (-M(.\H,),(Si),),.till,0.  The  cJdoridr,  C4CL. 
ifi  a  very  soluble  bait,  crystaltixiiig  in  small  fnur-sidt^l  prisms.  The  «u/- 
phidf^  CdS,  is  a  very  eharart4*ristio  oomjjound,  of  a  bright  yellow  color, 
forming  microsoopio  crystals,  fusible  at  a  Idgh  teinperalare.  It  is  obtained 
by  pAj»sing  ttulpliurettud  hydrogen  gas  through  a  sulutiouof  tho  sulphate, 
nitrate,  or  chhiridrt.  This  cimipound  is  HSe«l  as  a  yellow  pigment,  of  great 
buauty  and  permauenee.     Il  occurs  native  as  'inmnrlite.  ^^ 


Fixed  caustic  aikalieJt  give  with  cadmium  salts  a  white  proclpitatc  of 
hydrated  oxide,  insoluble  in  excess.  Atntnonia  gives  a  similar  white  preci- 
pitate, readily  soluble  in  excess.  T\u\n:tfti  alkaline  rarbonateSt  and  ammoma 
cartxuialr,  thn)w  down  white  caduiium  carU>nate,  insi.duble  in  exooM  of 
eithrT  precipitant,  ittflrvtjm  sulitkidc  &vn\  amtnnniuHi  suljthidc  precipitate  the 
yellow  sulphide  of  cadmium. 


GBOrP   III. 

OOPPBR. 

Atomla  weigbt,  63.4.    Symbol,  Ou  (Cupram]. 

CoppBB  is  a  metal  of  great  value  in  the  arts  ;  it  sometimes  oocnw 
metallic  slate,  crj-stallixed  in  octoheilrons,  or  more  frequently  iu  dodeca- 
he<lrons,  but  i?  more  abundant  in  the  form  of  red  oxide,  and  in  that  of 
sulphide  oonibined  with  siilph)ili.<  of  iron,  nn  j/eJtftw  co/yxr  orr  or  cfpjtrr 
pifrites.  Large  i|nantitit;a  of  the  latter  substaniM*  are  annually  obtain«Ml 
from  the  O^rubth  mines,  and  taken  to  ^uth  Walf^  for  reduition.  which  is 
elF(?et»?d  by  a  somewhat  iximplex  pnu-cji*.  The  principle  of  this  may,  bow- 
ever,  be  easily  hiaik'  intelligible.  The  ore  is  roaatMi  in  &  revorberatory 
furuace,  by   which  much  of   tJie  iron  su.<"  io  oxidC| 
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rhilf)  the  ooppnr  8ulphi»le  remainc  nnnltered.  The  product  of  this  ope- 
iration  is  Ou-ii  t<Uonglv  healed  tv-jth  tilicious  sand  ;  the  Utter  uomhinvs 
ith  the  iron  osida  to  a  fuisiblu  sla^,  aod  separates  from  the  hrarier  cop- 
iper  compoand.  When  tlie  iron  has,  by  a  repetition  of  these  prooessca, 
f  p^tcn  got  rid  of,  thA  copper  siitphidri  begiiu  to  decompose  in  the  etAme-fiir- 
KOtt,  losing  its  sulpliur  and  absorbing  oxygen ;  thu  teoiperature  ia  then 
t^mised  sufficiently  to  rt-ducv  the  oxide  thus  produced,  by  the  aid  of  carbu- 
nAc«N>UA  tuattt'r.  T}u:  U-st  part  of  the  operation  oonsiHta  in  tbrustin;:  into 
the  melted  metal  a  pole  of  birdi-wood,  tjie  uhjet:l  of  wliich  i»  probably  to 
.Ifeduov  a  little  remaining  oxide  hy  the  omilnibtibli:  ga^cs  thu8  generated. 
[Large  quantitieii  of  extremely  valiKihle  ore,  cliiedy  carlnMiate  and  red  oxide, 
[llave  lately  been  obtain(*d  from  t<outh  AuHtrulia  and  Chile. 

(%)p[H>r  has  a  well-known  yfllowiBh-rt>d  oolor,  a  gjH.x-iUc  gravity  of  6.96, 
Bntl  in  very  malleable  and  ductile:  it  is  au  excellent  conductor  of  heat 
Jaiid  electricity  :  it  meltn  at  u  bright  red  heat,  and  a«fi'ma  to  lie  slightly 
mdatile  at  a  very  high  temperature.  Copper  undergoes  no  cliunge  in  diy 
r»ir :  expotiud  to  a  moiet  atmtit^pLi^'re,  it  becomes  aiven^d  with  a  strongly 
'ftrthert-nt  gre^^n  crust,  c<»n«iiiting  in  a  great  meaaure  of  cArlwmate.  Ileatwl 
,lo  rc^tnesd  in  the  air,  it  iii  quiclcly  oxidi2e<l,  lH.>coming  covered  with  a  black 
iiBCale.  Dilute  sulphuric  and  hydrochloric  ovUIm  searoely  aet  upon  copper ; 
oiling  oil  of  vitriol  Attacks  it,  with  eviilution  of  nulphuroiiH  oxide  ;  nitHo 
[meld,  even  dilute,  diaiiolves  it  readily,  with  evolution  of  nitrogen  dioxide. 

Cnpper,  in  its  most  stable  compoundti,  the  vupric  compounds,  is  biva- 
|lrnt,  these  oompounrU  enntaining  1  atom  of  the  metal  (x>mhined  with  2 
Uoma  of  a  univalent,  or  1  at4»m  of  a  bivalent  negative  radicle,  r.  y.,  CiiCl,, 
jCt"'*,  CuCNOj),,  CuS<>j,  etc.  It  also  forms  another  nerii-s,  tin-  cuprouH 
[■eomiioundfl,  in  which  it  may  be  regarded  as  univalent,  <- </.,  ruCl,  Cn,0, 
|«tc.,  like  fiilver  in  the  ar^eutic  compounds.  On  the  other  hand,  the  cuprous 
jljompfiunds  may  be  supjMMed  to  l>e  formed  by  Rildition  of  copiwr  to  tho 
[•eupric  comijonnds,  the  metal  still  remaining  bivalent,  thuft,  cuprfius  chlo- 

Ide,  CUjCl^  ^   I  ;   onproufl  oxide,    Cti,0  ^   |     ^>0.      These   ooin- 

CuCl  Co-^ 

mndi  ore  very  unstable,  being  eaaily  converted  into  onprio  compounds 

sy  the  action  nf  oxidizing  agents. 


Copper  Chlorides. — C'o/wic  rhloride,  CuCl,,  ia  moat  easily  prepared  hy 
^iftsfdving  cnpric  oxide  In  hydrochloric  acid,  ami  conctMitraling  the  ^reen 
ntion  tht*nce  P*8utting.  It  forma  green  crystals,  rnCI,.2H,0,  very  soluble 
wntor  and  in  ah-ohnl  :    it    colors    the   flami*  of  the  latter  gre<rn.     When 
heated,  it  partd  with  Its  water  of  crystallization  and  lieoomes  yel- 
-brown  ;  at  a  high  temperature,  it  Unfes  half  its  chlorine,  and  be- 
oonvt'rt<Hi  into  CHpntu*  rJitoridr.     Tiie  latter  Is  a  white,  fusible  «uh- 
[ipe,  but  little  soluble  in  water,  and  prone  to  oxidation  :  it  is  formed 
popper-filings  or  t-viinwr-b-af  are  put  into  chhirinc  gas  ;  also,  by  pre- 
cipitating a  solution  oT  cujiric  chloride  or  other  capriu  salt  with  stannous 
oliloride : — 

2CuCl,  +  SnCl,  B  Cn,a,  -f-  Sna^. 

A  plate  of  copper  immersed  in  hydrochloric  acid  in  a  vessel  containing 
air,  ln'otimes  covurrd  with  whit^?  teitrahedrons  of  cuprous  chloride.  This 
compound  dissolves  in  hydrochloric  acid,  forming  a  colorless  solution, 
which  gr.*idually  turns  blue  on  expi>t*ure  to  the  air. 

A  hifdrutrnl  cufiric.  ax^hlorid*.,  Cnrij.IJCu  ll,Oj,  oecnre  native  as  afaeamite. 

Hoth  the  chlorides  of  copper  form  double  salts  with  the  uhloridea  of 
alkah-metaU. 
M 
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Cnprons  Bydrlda,  Cii,H,. — When  a  Aolntion  of  cnpric  sulphate  Is 
hcRlcU  U>  about  70^,  with  hyjKfphosphoroQs  a<?M,  this  compouml  is  de- 
positoil  as  a  yellow  pre<npitat«,  wliiih  noon  turns  red-brown.  Jt  gives  off 
hjdrugfU  when  heatwl,  ukeu  flrti  iu  chlttrino  gas,  and  ia  ^inverted  by 
hydrochloric  acid  into  uuprouii  chloride,  with  evotutiun  of  a  double  quan- 
tity i*f  liydroguu,  Ihv  aciii  giving  up  ita  hydrognu  aa  well  as  th«  copptjr 
hydride  ;^ 

C»,H,  -I-  2HC1  ^  CojCl,  +  2H,. 

Thi8  r«aotioD  affords  a  remarkable  instance  of  thfl  uuion  of  two  mtoms  ol 
th«  same  olement  t<j  loriu  a  molecule  (see  pagi*  234). 


1 


Copper  Ozldea. — Twooxides  of  copper  ar<»  known^  corresponding  with 
tlie  Llituiidi-s  ;  and  a  vory  unst^tablu  dioxide  or  pt^ruxide,  CuO^,  is  ttaid  to  bo^^ 
formed,  Ud  a  yetluwbh-browu  pnwdur,  by  thi>  action  uf  hydrogen  diuxij|^^| 
on  vupric  hydrate.  ^H 

Cojjjtrf   MoHoriiU,  Ciifn-iv    Oridr,  or   lifari-  Oride  uf  Copper,  CuO,  is  pre- 
pared by  calcining  niutallic  mppT  at  n  red  ht-at,  witli  full  pxpoanre  to  air, 
or,  wore  convenii'ntly,  by  heating  the  nitrate  to  rednt*s,  which  then  sufterft^H 
(y>mplt'te  decnntpoHition.     Cupric  salta  mixetl  with  cnuMtic  alkali  in  pxc4*«s^H 
yield  a  bulky  palc-blue  prccipilale  of  hydraled  cupric  oxide,  or  cuprio  ^^ 
hydrnle,  t'ulljO,  or  CuO.HjO,  wliiuh,  when  the  whole  ift  raised  to  the  boil 
ing  jioint,  becomes  tx)nverted  into  a  heavy  dark-brown  jjowder :  this  also 
is  anhydrous  oxide  of  oopper,  the  hydrate  suffering  decompotiillon,  evea 
in  contact  with  water.     The  oxide  prepared  at  a  high  temperature  is  pur 
fectly  black  and  very  denae.     Cupric  oxide  ia  goluble  in  acids,  and  funua 
a  Series  of  very  im|>orlaut  salts,  isoiuorphous  with  magneHium  sallti. 

t'uprous  Orid«^  Cn,0,  aUo  called  Hvd  OriUr  and  ,Suttvxuie  of  t'oppfr. — ^Tliia 
oxide  nmy  lie  obtained  by  b*'ating  in  a  covered  erudble  a  mixlurr  of  5 
parte  of  black  oxide  and  4  partB  of  fine  copper  tilings ;  or  by  adding  grape 
sugar  to  a  solution  of  cuprie  sulphate,  and  thon  putting  in  an  excess  of 
caustic  potash  :  the  blue  solution,  heated  to  ebulUvion,  is  reduee*l  by  the 
sugar,  and  dejMwits  cuprouK  oxide.  This  oxide  often  occurs  in  tn-autiful 
transpareTit  ruhy-n-d  crystals,  asaocialed  with  other  ores  of  copper,  and 
can  be  obtainwl  in  the  sanu'  Hlnte  by  artificial  means.  It  i^mnuunicates  to 
glass  a  magniticent  rwl  lint,  while  that  givt-n  by  cupric  oxide  is  green. 

Cuprous  oxiile  dissolves  in  excess  of  iiydrochloric  acid,  forming  a  solu- 
tion of  cuprous  chloride,  from  which  that  compound  is  precipitat**d  on  dilu* 
tion  with  water.  Most  oxygen  acidK.  namely,  sulphuric,  phosphorir,  acHio, 
oxalic,  tartaric,  and  citric  acids,  decompose  cuprous  oxide,  funning  cuprio 
salts,  and  separating  metallic  <-*opj«.T  ;  nitric  acid  converts  it  into  cupric 
nitrate.  Heme,  there  are  but  few  onprous  oxygen-salts,  nom!,  indeed, 
excepting  the  sulphites,  and  certain  double  sulphites  formeii  by  mixing  a 
cupric  solution  with  (he  sulphite  of  an  alkali-metal,  «•  y.,  ammonio- 
cuprous  sulphite,  Cu(NH4)tiU„  or  Cuj(NlIJ,(SO,),. 

Cnprto  Oxysalts. — The  sulp/iate,  CuSO^.SM/l,  commonly  called   hiM  1 
vitriol^  is  pri-j)arrd  hy  dissolving  cupric  oxide  in  sulphuric  acid,  or,  at  less' 
expt'nse,  by  oxidixing  the  sulphide.     It  forms  Urge  bine  triclinlc  prisms, 
soluble  in  four  parts  of  cold  and  two  parts  of  1x>i)iiig  water  ;  when  healttl 
to  lOOO  it  readily  luseit  four  molecules  of  erystallizalion-water,  but  the  fifth 
is  retain^'d  with  gre.-%t  pertinacity,  and  in  exixdled  only  at  a  low  red  heati 
At  a  very  high  teuijN'rature,  cupric  sulphate  Is  entirely  oonverte<l  Into^ 
cupric  oxide,  uith  ci-olntioii  of  sulphuruua  oxide  and  oxygon,     (.'niirio 
sulphate  combines  with  the  sulphatefl  of  potassium  and  of  ammonium, 
forming  pale-blue  salts.  CuKjCSO,),.^!!,©  and  Cu(NH,)j(S0j),,6HjO,  iso-^ 
morphoua  with  the  cx>rres ponding  magne&ium  saltA. 


I 
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Cupric  Nitrate,  Cu(N0j),.3IT,0,  is  eaiiily  motlo  by  dissolving  the  motal 

nitric  a^-id  ;  it  fnrnvs  H'-op  liliip  rrystals,  vt-ry  sotiible  and  dpHqucHcont. 

is  liigtilj  corrcKiiv**.     Au  ui»«)lnhlii  basic  nitrate  ia  known ;  it  is  grufii. 

Cupric  Cari>onafvi.-^-W\ii^n  at*dium  d&rlrouMv  is  atjdtnl  in  excx^a  to  a  sulil- 
ta  of  ouprio  Bulphate,  the  precipitate  is  at  first  pale-blui*  and  llooculcutr 
it  bj  warming  il  bei^>ioes  aaudy,  aud  a^sunjcfi  a  grvvn  tint ;  Ui  thin  itato  It 
mtain^i  ruCO,.<,'nlX,C»j  •+■  •'^'l*  '^''*'  ftubatance  is  prepared  an  a  pigment. 
*ht>  beautiful  mineral  inaiar/tite  ha^  a  similar  composition,  but  contains  no 
Lt«*r  uf  cry^itallizatiou,  il<t  t'oni]KiHitiun  buinjj;  L'uL'O,.C.'uH,0,.  Auutbur 
Ltural  ixtuijmuudf  called  iixuritr,  nut  yt.-t  artificial!/  iniitatcii,  oix'un*  in 
rgo  tronaparent  crystals  uf  tbe  most  intense  blm^ :   it  contains  l^CuC'O,. 

Iif0|.      Vsrditer^  made  by  decomposing  cupric  nitrate  with  chalk,  is  saiil, 
>ircTcr,  to  haro  a  somnwhat  Klmilar  comiioaitinn. 

Cuprtc  Arseniie  ia  a  bright  gri!cn  iuaolublo  ponder,  prepared  by  mixing 
to  solutions  of  a  oupriu  salt  with  an  alkaline  arseuite. 

roppKR  apLPirrpRS.— There  are  two  well-<li'fintti  copper  8u1phid4>s,  analo- 
gous in  composition  to  tliHoxid<*9,  aud  fourotlu^nt,  containing  larg<'r  pro- 
^rtions  of  sulphur,  but  of  h^A  defined,  cun^ititution  ;  tlieftt*  hitter  arc  prc- 
'  titat«4  from  solutions  of  cupric  salts  by  potasainm  pentaaulphidu. 
Cuprtc  A'ulphidet  CuiS,  occura  native  as  indiyo  copper  or  cortUiUy  in  ftofl 
lui)^h-bIaok  hexagonal  plates  and  spheroidal  xnosscsi,  and  is  pruduooil 
ri.ifit:iaUy  by  pn^ipitating  eupriii  salt^  with  hydrogen  sulphide. 
Cuprous  SuipAitle^  Cuid,  occurs  n&tivo  aa  copper- fflatice  or  rtHinilhitef  In  leatl- 
ray  hexagonal  prisms,  belonging  to  the  rhonibie  system ;  it  is  produced 
rtifiHally  by  tlie  oomtjustioii  of  copper-foil  in  sulpliur  vapnr,  by  Ig^niting 
ipriu  oxide  with  sulphur,  and  by  other  metho<ls.  It  is  a  pnw«.TfuI  sui- 
lur-base,  unitin;:  with  the  »ulpliidr*5  of  antimony,  arsenic,  and  businuth, 
form  soreral  natural  minerals.  The  several  varieties  of  fahl-ore,  or 
_  itrabedritu,  ountdst  of  cuprous  sulphautimoniteor  sutpharsenito,  iu  which 
the  coppi^T  is  more  or  less  n^plaetil  by  equivalent  quantities  of  iron,  xinc, 
silver,  and  mercury.  The  im[M>rtant  ore,  called  copper-pyritt^^  is  a  ouproso- 
^^rfvrric  sulphide,  Cu'Ke"'f3,  nr  (.'Uy^.Ke.S,,  occurring  in  tetrnhiMlral  cryutals 
^^Bff  the  quadratic  system,  or  Jn  Irregular  masses.  .Another  sjH'ciifi  of  ropper 
^^Kod  iron  sujphidt*,  i»ntaining  various  projHirtions  of  thu  two  nietnls,  occurs 
^^B«tive.  as  purple  ctipjte.rur  eriihetcitej  in  cubes,  octohe<lron8,  and  other  mono- 
^^■letric  formii. 

Ammoniacal  Copper -oompotinds. — The  chlorides,  sulphate,  nl- 
rate,  aud  other  auiu  of  copper,  uuitt;  with  one  or  more  molecuhrs  of  am- 
mia,  forming,  fur  the  mottt  part,  crystalline  comjM>uuds  of  blue  or  green 
[or,  some  of  which  may  1w  regarded  an  salts  of  uietaJlamnioniumB  (p. 
19).  Thus  cnpric  chloride  forma  with  ammonia,  the  couijKJiinda,  2Nllj. 
iCI„  4Nna.Curi„  and  i;\H,.CuCL„  the  firtst  of  which  may  In;  formulated 
cupro-iiiamMAm'umcJilfjriJf:,  (.N,Il^Cu")<'l-.  Cupric  sulphate  forms,  in  like 
muer.  atpro-diammonium  mffiJiate  (N,llgt"u")SO,,  which  is  a  dwfp  blue 
'sialliue  salt.      Cuprous  iudidu  forma  with   ammonia   the  compound, 

ru,.Cu,i,. 


I 
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Canatio ;mfaxA  givofl  with  cnpric  salts  a  pale  blue  prei^ipftate  of  cnprio 
'drate,  changing  to  blackliih-brown  anhydrous  oxide  on  bniliug. — Am- 
tia  also  throws  down  the  hydrate  ;  but,  when  in  exwss,  redisHolvea  it, 
'yielding  a  deep  purplisb-blue  solution. — I^tUutMium  and  sodiian  rurhonatex 
give  pale  blue  precipitates  of  cupric  carbonate,  Insoluble  in  excess.— ^^q. 
monittta  rarfxmatt  the  same,  but  soluble  with  deep  blue  color. — IhtQMnvm 
ferrocjfanide  glvos  a  fine  red-brown  precipitate  of  cupric  ferrooyanid^i^.^ 
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/fiftfroffrn  tulphiiie  and  ommnnittm  nffthule  afford  bliwk  caprlc  valphtde. 
Kolublo  in  ammonium  fiulphidi'. 


TJift  alloyjt  of  ropper  nrt*  of  pTftftt  iinportnnw*.  Hmss  cnnHi'sls  of  copp<ir 
alloyed  with  from  28  to'M  pcro-nt.of  xinu;  the  latter  mar  bu  added  dmwtljr 
to  the  molt4Ml  4*opp^r,  or  granulatod  clipper  luay  he  Iieated  with  (.talaiuine 
and  sharcoal-iMivrdcr,  an  iu  the  old  proct>sB.  Gun-melal,  a  moet  valubla 
alloy,  oonsiKta  i>f  £^0  pnrts  i^tpptir  and  10  tin.  Bell  and  tpeculvm  metal  con- 
tain a  dtiU  lftr>i*'r  proportion  of  tin  ;  llu-se  are  brittle,  espe«ially  the  laat 
nAuii'd.  A  giKkt  brouzo  for  titalnes  \s  made  of  1*1  parts  copper,  2  parts  tin, 
B  parta  zinc,  and  1  i>art  lead.  The  irass  or  bronze  of  the  aneientsi  is  au 
alloy  of  copper  with  liu,  often  also  ooutalning  leatl,  and  sumetimea  xiuc. 
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Atomlo  wclehl,  '.W.    S)  tiil>ul,  Ug  (Hydrargyrum). 

remnrkahlit  metal,  Mmetiiiiesi  L-alKHl  yuicLsilvrr:,  has  been 
early  timea,  and  perhap;}  more  than  all  othen*  hoa  exoitcd 
tho  attention  and  curiosity  of  experimcntors,  by  reasou  of  ita  peeutlar 
phjTHical  propiTtiej*.  Mercury  is  of  great  imiwrlanco  iu  several  of  the 
artM,  and  enten*  Into  tho  com|K>^itinn  of  many  valuahU*  medicaments. 

Mi*tulllu  mercury  ia  oocaKitinnlly  met  with  in  globules  dih^eminatM 
through  the  native  sulphide,  whicli  Li  the  ordinary  ore.  This  hitter 
•ulmtnnoe,  sometlniea  called  riNfiaAnr,  fs  found  in  considerable  quantity  in 
a«*veral  liKMilitie^,  of  whicli  tho  most  celebralL-d  are  Almodeu  iu  Spain, 
and  Idrift  in  AuHtria.  Only  r^c^'utly  it  has  been  diaeovered  Iu  great 
nhuiidaniHt,  aiut  of  remarkable  purity,  In  California  and  Australia.  Tho 
tuetftl  Is  ohtaintil  hy  beating  tho  siilphido  in  an  iron  retort  with  lime  or 
BcrajM  of  iron,  or  hy  roa»ting  it  in  a  furnace,  and  conducting  the  vapors 
into  a  targe  dwiniher,  where  the  mercury  is  conden»i>d,  while  tho  suU 
phuroaa  »eld  is  allowed  to  escape.  Mercury  ia  Imported  into  this  country 
In  botilcai  uf  huninu-riHl  iron,  containing  seventy-five  pounds  each,  and  in 
a  Italti  of  ixmsideralile  purity.  When  purchased  in  smaller  quantities,  it 
ifl  Boinetiiues  fouud  adulterated  with  tin  and  lead, -which  metals  it  dis- 
s(dvoH  to  some  extent  without  much  loss  of  fluidity.  Such  admixture  may 
Ik'  known  by  tho  fnul  Burface  the  mercury  exhibita  when  shaken  in  a 
liottle  [Tontaining  air,  and  by  tho  globulMf  when  made  to  roll  upon  the 
tahlo,  learing  a  train  or  tail. 

Mercury  hns  a  nearly  silver-white  color,  and  a  very  high  degree  of 
luHtre:  it  is  liquid  at  all  ordinary  temptTatures,  and  solidifies  only  when 
coded  to  — HP.  In  this  state  it  is  soft  and  malleahle.  At  35(»o  C.  <(Jl)30 
P.)  it  l)oila,  and  yields  a  transparent,  colorless  vapor,  of  great  dcnaity. 
The  metal  volatilizes,  however,  to  a  sensible  extent  at  all  temperatures 
AlM»ve  \9^  or  21^  C.  (U(i.20  or  09.80  F.)  ;  below  this  point  its  volatility  Is 
Iniperoeptiblo.  The  volatility  of  mercury  at  the  boiling  heat  is  much 
retardetl  by  the  presence  of  minute  quantities  of  lead  or  xino.  The 
«I)ecilie  gravity  of  m.-nttry  at  1.1. r*0  ('.  ((jCiO  p.)  jb  13.59  ;  that  of  frozen 
mercury  about  14,  great  oontractiou  taking  place  iu  the  act  of  solidifica- 
tion. 

Pure  murcorr  is  quite  nnolterablo  in  the  air  at  common  temperatures, 
but  when  heatud  to  near  its  Utiling  jMiint,  it  slowly  absorlM  oxygen,  and. 
becomca  converted  into  a  crystalline  dark-red  powdor,  which  ia  the  liigheut 
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At  ft  dull  rc<l  hc»t  this  oxid«  Jb  ngain  deoomposed  Into  Its  con- 
tuents.  UydrocliLoric  acid  Utis  little  or  no  action  on  mercury,  and  th« 
(J  may  be  said  of  sulphiirio  ACid  in  a  dilated  state  :  whrm  the  latter  is 
Kientrat(*(l  and  boiling  but,  it  uxi(Lizf«  the  metal,  conr<>rting  it  Into 
rcuric  f;ulpUat«,  with  evolution  of  stilpHnrous  oxide.  Nitric  arid,  eT«n 
ute  and  in  the  cold,  dissolvca  weruury  frwly,  Kith  evolution  of  nitrogen 

ixiiio. 

Tho  obacrvod  vapor-density  of  mercury  rofcrrod  to  air  as  unity  is  6.7; 
I  referred  to  liydrogeu  Is  nearly  KM)  ;*  that  is  to  pny,  half  the  atomic 
gUt  of  the  metal;  «)n»»^uently  the  atom  of  merrury,  like  Ibnt  of 
mium,  occupii's  in  the  gasoous  slate  twice  the  volume  of  an  atom  of 
Irogi'u  (sue  page  228). 

Mercury  formn  two  series  of  compoundu,  namely,  the  mercuric  com- 
pounds, in  which  it  is  bivalont,  as  IlgCl,,  HgO,  HgSO,,  etc.,  and  the 
ercuroua  compounds,  in  which  it  is  apparently  nnivnlfnt,  ns 
jCl^,  ilg|0,  etc.  These  compounds  are  analngoutt  in  ixinstitution  to  the 
pric  and  cuprous  compoundit ;  and  the  mercurous  cx)Dii>ounds,  like  the 
tor,  are  easily  converted  into  mercuric  cnmimunds  by  tiio  action  of 
idiiing  agents,  which  remove  one  atom  of  mercury;  but  they  are,  on 
the  whole,  much  more  stable  tiian  the  cuprous  compounds. 

Maronr^  Chloridei. — Mrrcuric  chloride^  HgCl,,  commonly  called  Cw- 
ronw  Uttbiimatf. — 'I'hih  nmijKiiind  may  Iw  obtained  by  several  different 
les  :  (1)  Whi-n  nietallir  mercury  in  heated  in  chlorine  gas,  It  takes 
and  burns,  pro<iucing  this  suWtanoe.  (2)  It  may  bo  made  by  dis- 
>lving  mercuric  oxide  in  hot  hydrochloric  acid,  crystals  of  currotiive  sub- 
limate then  scparatiug  on  ccK>ling.  (3)  Or,  more  ecunomirjilly,  by  sub- 
Umiug  a  mixture  of  equal  parto  of  luercuric  sulphate  and  dry  common 
aalt ;  and  this  is  the  pUn  generally  followed.  The  decompoaition  ia 
roproscnted  by  tho  ef^uatiou  : — 


po 

i 


^Hve  and 


n 


UgSO,  -i-  3NaCl  ^  H^'^,  4-  Na^^ 


'>8nUiiaad  mercuric  rhloride  forma  a  white  transparent  crystalline  mass, 
"hl^avity  5.4a ;  it  melta  at  2ti5^  C,  O0i>o  k.),  boils  at  2i»ftO  C. 
tft  And  volatilizes  somewhat  more  easily  than  calomel,  even  at 
ordinary  tpmperaturoa.  Its  observe*!  vapor-density,  referred  to  hydrogen 
as  unity,  is  14<) :  and  tho  density  calculate*!  from  the  formula  Hgi.'l,,  sup- 
posing that  the  moJccule  occupies  the  same  space  as  a  oiolecuiu  or  two 

20O  -f  2  X  35.5 
atoms  of  hydrogen,  p.  228,  is r^ »» 135.5  ;    tho  near  agree- 
ment of  this  number  with  the  observed  resnlt  showa  that  the  rapor  is  in 
ribe  normal  state  of  condensation. 

Mercuric  chloride  dissolves  in   10  portii  of  cold  and  3  parts  of  boiling 
rater,  and  crystallizes  from  a  hot  solution  In  long  white  prisms.     Alcohol 
id  ether  also  distwlTo  it  with  facility  ;  the  latter  even  withdraws  it  from 
watery  solution. 

Mercuric  chloride  combines  with  a  great  number  of  other  metallic  chlo- 
rides,  forming  a  »er!.?8  of  Ixautiful  double  salts,  of  which  the  ancient  «a/ 
alfrmhrt^h  may  l>*"  taken  as  a  good  example :  it  contains  ngCl.,.2NH,Cl.U,0. 
Corrosive  sublimate  altsorbs  ammoniacal  gas  with  groat  avidity,  generating 

I  the  Ciimp<juud  Il>iCLj.NH,. 
r  Mercuric  ehloridit  forms  severol  compounds  with  mereurio  oxide.    These 
Ire  produced  by  several  prooessea,  as  when  an  alkaline  carbonate  ia  '"**J**d 
p  varying  proportions  to  a  solution  of  mereurio  chloride.     Thry  diuer 
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mpAily  in  color  and  phjraicAl  charftcter,  And  are  moetl/  deoompofted 

Sutfir 


.'litoridu  fi] 


Lth 


of  \\\e  iKtoiiivd 


■tanfi^l 


Loruune  euioriuu  lormH  iutioluble  compouutU  willi  many 
organic  priuciplcii,  as  attmiuin,  t^u-.     It  in  ju'rUapH  to  this  pr<>i>erty  that  Ua 
Htrong  nutiaoptic  proporUos  are  dat>.     Animal  and  vegetable  Kubtitauoi 
Br»*  prcwrvwl  by  it  fn.»m  decay,  as  in  Kyan's  method  of  pre««irving  timi 
and  oordage.    Albumin  in  on  this  account  an  i^xcelleut  antidote  to  oorrosb 
uubUmate  in  cujiieii  of  puistonlug. 

^ffrru^ouM  (Jditritlf^  ^'g/'jt  commonly  called  Calomtd.  This  vory  import 
Buljslancu  may  In«  uusil.v  and  well  prepare*!  by  pouring  a  uolutioii  of  rnvr- 
ourous  nitratf*  into  a  largo  excess  of  dilute  solution  of  common  salt.     It 
falls  OM  a  (Kmsf  whito  precipitate,  quite  insoluble  in  water;  it  must  be 
thoroughly  wo^hetl  with  Iniiliug  die*tilU>d  water,  and  dried.     Calomel  ia, 
however,  geni*rally  procurwi  by  anuthfr  ami  more  complex  proct-sa.     Drjr^_ 
merourio  Hulphatc  i»  rnbl>ed  in  a  mortar  with  as  much  meluUic  merourjf^H 
aa  it  already  contains,  and  a  quantity  of  common  salt,  until  the  gIobuI«S^| 
diaftpp45ar,  and  an  uniform  mixture  ha-i  li4*en  produceil.     This  in  subjected 
to  sublinuition,  and  the  va]jor  of  thu  ealumel,  being  carried  into  an  atnio- 
HpluTe  of  Hteam,  or  into  a  chambttr  containing  air,  is  thus  condensed  in  a 
minutely  divldod  Btato,  and  the  lal>orioufl  pnx^ess  of  pulverization  of  tho 
Bublimetl  mass  is  avoided.     The  reaction  is  thus  explaiued  :  ^h 

KgSO,  -f  Ilg  -f  2NaCl  =.  Ilg^Cl,  -|-  Na^O..  ( 

Pure  calomel  is  a  heavy,  white,  insoluble  tnstelfss  powder:  it  rises  in 
vap«ir  at  a  temperature  lielow  redness,  and  is  obtained  by  onlinary  subli- 
mation as  a  yellowish-white  crystalline  mass.  It  is  as  Insoluble  in  cold 
dilute  nitric  acid  as  silver  chloride  ;  boiling-bot  strong  nitric  acid  oxidizes 
and  dissolves  it.  Calomel  is  instantly  dei-omposed  by  an  alkali,  or  by- 
lime-water,  with  production  of  mercurons  oxide.  It  is  snmelimes  apt  to 
contain  a  little  mercuric  clilorirtf,  which  would  be  a  very  flanp<»rou8  con- 
tamination in  calomc'l  employed  for  medical  purpf»scs.  This  ia  easily  dis- 
covered by  Ihjiliug  with  water,  Ulteriiig  the  liquid,  anil  adding  caustio  ^^ 
potash.     Any  c^rroMive  ttuttlimate  is  indicated  by  a  yclh)W  precipitate.         ^M 

The  observe*!  vai>nr-<lenRity  of  calomel  referrt»d  to  hydrogen  as  unity,  is  '^1 
119.2.     >'ow  the  formula  Hg,Cl,,  if  it  represi-nts  a  moliTule  occupying  in 
thu  gaseous  state  two  volumes  (i'.  e.,  twice  the  volume  of  an  atom  of  hydro- 
gen, p.  228),  would  give  a  demiity  ueorly  double  of  this  :  for 

i^^±|?^*  =  235.5. 


Hence  it  might  be  inferred  that  the  composition  of  calomel  shottM 

rcprest'ut-etl  by  the  simpler  formula  IlgCl,  which  would  give  for  the 
»r-(lensity  the  nnmlxr  1 17.75.  The  frtniurnt  decomposition  of  niercur- 
___  Balls  into  mercuric  salts  and  free  mercury  is  howevor  in  favor  of  the 
inpjiosition  that  their  mulveules  contain  two  atoiiui  of  mercury  :  and  the 
anomaly  in  the  vapor-volunie  of  calomel  may  !)*>  explnineil  by  supposing 
that  tUe  vapor  of  this  comj)ound,  like  that  of  many  others,  nndcrgoea  at 
high  tcmperatnrea  the  change  known  as  tiiiuuM-ifttion  (p.  230),  the  two 
votum(!S  of  merourouB  chloride,  Hg,CU,  being  resolved  Into  two  vnlunu<s  of 
mercuric  chloride,  HgCl,,  and  two  volumes  of  mercury.  Hg.  This  supi>o- 
sition  i»,  to  some  extent,  warrant<.*d  by  th<^  obHorvstion  that  calomel  vapor 
amalgamates  gold-leaf,  and  that  corrosive  sublimate  may  be  detected  inj 
resublimed  calomel. 


Iodides. — Mrrrtirie  iorUHe,  Hgl,,  is  formed,  when  solution  of  poiaesluuij 
iodide  in  mixed  with  merourio  ehloridc,  as  a  pruoipitate  which  U  at  fini] 
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jrellnw.  bat  In  a  few  momenta  changen  to  *  moit  brilliant  scarletf  thin 

)|i<r  twiiig  retaiiiet)  uu  driving.  This  la  (tie  iioutral  itKlido :  it  may  hts 
ijid«f  tillhuugh  of  rathiT  tluUrr  tint,  hy  triturating  equivalent  quautiti^s 
iodtDtf  nitd  iiiurcury  with  a  littlf  alcohol.  In  preparing  it  by  precipita- 
Ion,  it  is  U'ttvr  to  weigh  out  tliu  proper  propurtiouii  of  tUu  two  saltii,  as 
tt<  iodide  is  aolublu  iu  tm  excvsa  of  either,  uore  espocially  in  exceiu  of 
ttasaiuiu  iodide.  Mercuric  iodide  fxhibita  a  very  remarkable  case  of 
imorphism,  attended  with  dilTerenro  <»f  color,  which  i»  red  or  yellow,  »o- 
>rding  to  the  figure  asbumed.  Thus,  when  the  fodUle  ia  suddenly  expoRcd 
high  temperature,  it  iM'amies  bright  yellow  throughout,  and  yieldn  a 
jpiouft  sublimate  of  luinulit  but  brilliant  yidlow  crystals.  If  in  this  atule 
be  touched  hy  a  hard  bo^ly,  it  iiuitautly  btMMMuea  red,  and  the  same 
lan^ti  happens  tkjKint.'iueouiily  after  a  certain  lajiseuf  time.  On  the  other 
Lud,  by  a  very  nlow  and  cariiful  heating,  a  i^uhlimnto  of  red  crystals, 
hving  a  totally  dilTerent  furm,  uiay  be  obtained,  which  are  permanent, 
he  same  kind  of  change  happens  with  th*;  freshly  pre^oipitated  ioalide,  the 
rellow  ory^taU  flrat  formed  breaking  up  in  a  few  i»etwud£,  from  the  passage 
'  the  Halt  to  the  red  ntodification. 

Merunrio  iodide  forma  dou  bio  salta  witli  the  more  basic  or  po«itire  metallio 

Udf.«,  aa  those  of  the  atkali-uielals  and  alkaline  earth-inetaU  ;  thus  it 

listtidvvs   in  aqueuos  polassiuin-iodide,  and  the  hot  solution  dei>osit8,  on 

lUng,  orystals  of  potoHsio-mercuric  i«xlide,  2(KI.HpI,).3H,0.     They  are 

imposed  by  water,  with  Beparatioa  of  altout  half  the  mercuric  Iodide, 

aolution  then  containing  the  salt,  ^SKt.ligl,,  which  remains  aa  a  saline 

on  evaiMiralion. 

MerrMTOiiM  Iodide^  l^KsU*  ^  formed  when  a  solution  of  putassiuro  iodide  la 
ded  to  uiercurous  nitrat«» :  it  then  HKparates  as  a  dirty  yellow,  iiisolubk* 
jret'ipitatu,  with  a  tinge  of  gro<:n.  It  may  also  be  prepared  by  rubbing 
mercury  and  iodine  ti>guther  in  a  mortar  in  the  proportion  of  ]  atom  of  the 
former  to  1  atom  of  the  latter,  the  mixturu  being  moistened  firom  time  to 
iXukii  with  alcohol. 

Oxides. — }fottf*ritie ,  or  Sffrniric  OriiU,  HgO,  commonly  called  lied  OxiJr. 
of  Mrrcar^y  ur  /tVf  IW.cijtitulti. — There  are  numerous  methods  by  which  this 
oomiM>und  may  be  obtaiue*.!.  The  following  may  be*  cit^nl  aa  the  most  im- 
portant:  (1)  Hy  exposing  mercury  in  a  glass  llask  with  a  long  narrow 
neck,  for  several  weeks,  to  a  temperature  approiiehing  315*^  C.  (t>0l.>O  F.). 
be  product  has  a  dark  red  oolor,  and  is  highly  crystalline  ;  it  is  the  red 
ijji'/tUeot  the  old  writers.  (2)  By  cautiounly  heating  any  of  the  mer- 
rio  or  mercnrous  nitrat*^  to  complete  din;«>m]MiHition,  wluTeby  the  acid  is 
rrtmpn«i>d  and  expellf^l,  oxidiKingtho  m«jtal  to  a  maximum,  if  it  hupi^M'PS 
be  in  the  state  of  mcrcurons  salt.  The  product  thus  obtainod  is  also 
crystalline  and  very  denote,  but  has  a  much  paler  color  than  the  preceding  ; 
while  hot,  it  fa  nearly  black.  It  is  by  this  method  that  the  oxide  is  genti- 
rally  prepared;  it  is  apt  to  contain  iindecomposed  nitrate,  which  may  be 
diiieoverwl  by  strongly  heating  a  pr>rtion  in  a  test-tube :  if  rt.*d  fumes  iir« 
produced,  or  the  oilnr  of  nitrons  acid  exhaled,  tho  oxido  has  been  infiuffi- 
deutly  heated  in  the  process  of  manufacture.  (^)  By  adding  canatiu  pot- 
ash in  excess  to  a  solution  of  oorrosivo  sublimate,  by  which  a  bright  yellow 
precipitate  of  mercnrio  oxide  Is  thrown  down,  which  dilTcrs  from  the  fore- 
going preparations  merely  in  being  det^titute  of  crystalline  texture  and 
much  more  minntely  divided.     It  must  be  well  washed  and  dried. 

Merourio  oxide  is  glightly  soluble  in  watt.<r,  communicating  to  the  latt«r 
alkaline  reaction  and  metalUc  t.iste :  it  Is  highly  ptdsonous.     When 
glr  heated,  it  la  decomposed,  as  before oli^erviKl,  into  metallic  mercury 
(Wygon  gas. 
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Xfrrmroitx  Oritlr,  Hg,0  :  SHhoxitlr,  or  Gmtf  O.ridt  nf  Mrrrnrtf. — This  OTfd« 
Is  easily  prepari^d  by  adding  caustic  potnsh  to  morcaroua  nitrate,  or  bjr 
di^'i.'Aliii}*  caluiiu^l  in  »<>lut)on  of  i-aiiHtic  alkali.  It  is  n  (Iark*gray,  near 
blaok,  heavy  p^ivrder,  innolublu  in  water,  nlowly  dixr<)in]K«eil  by  tlie  acti 
of  light  into  metallic  mercury  and  fimI  oxide.  The  iirpiparatious  known 
plmruiacy  by  the  naiuen  btw.  pili,  yruy  oi'nltnent,  mercurtf  in'(A  rJialh,  i-tc, 
ofti'D  ftuppoAod  to  owe  their  efficacy-  to  this  BubHtiince,  mert-!y  contain  t 
finely-divided  uieLal. 


ens 
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Merouiy  Nitrates. — Nilrir  noid  vnriefi  in  its  notion  npon  mcrcnry, 
iiori)r»tiiig  to  tla*  tt-mprralurf.     Wbt-n  vhi  nnd  »<oiiK*Hhal  diluted,  it  forms 
only   luiTcuroiis  Hiilta,  and    these  are   neutral  nr    haf'w — *".  r-.,  oxynitrnl 
(p.  2Hti) — a»  the  aciilor  the  ui»'tril  llappt'u^  t^t  hv  in  excess.     When,  on  t1 
cnntrnry,  tlie  nitric  aiiil  i.s  t'uuc<fntrali'>d  and  hot,  thu  DKTcury  ik  raist'd 
its  highest  state  of  oxidation,  and  a  mercuric   salt  is  produced.     Both 
classics  uf  salts  are  apt  to  t>e  decoinpoi)«ii  by  a  Urge  quantity  of  water, 
giving  rise  to  insoluble,  or  sparing^ly  solnblp,  basic  compoands.  ' 

MfTcuric  yitratrs. — By  dissolving  uuTCuric  osclde  in  excess  of  nitric  M<Ai 
and  evaporating  gently,  a  B/riipy-  liquid  iii  obtained,  which,  incloeed  in  a" 
bell-jar  over  lime  or  sulphuric  acid,  deposits  bulky  crystals  and  crystal- 
line crusts,  both  having  the  conipoetition  2Hg(N0,),'H,0.  The  same  sub- 
Btnnee  is  deposited  from  the  syrupy  liquid  as  a  crystalline  pnwder  by- 
dropping  it  into  concentrated  nitric  acid.  The  syrupy  liquid  itself  appear* 
to  be  a  definite  oooopound,  containing  Hg(N<>j)",.ll/).  By  Baluraling  hot 
dilute  nitric  acid  with  men-urio  oxide,  a  salt  is  nbtnine<l  nn  cooling,  whirh 
crystal! Ixes  in  needUft,  permanent  in  the  air,  containing  llgCNOJj.HgO.H.O. 
The  preosiing  orystttUized  salts  are  decomposed  b}'  water,  with  production 
of  ix>m])ounds  more  and  more  basic  as  the  washing  is  prtilonged,  or  th| 
tempt'rAture  of  the  water  raised. 

Mtirrumus  yitrate^  (Ugf)(N03),.2H30.  forms  lai^e  colorless  crystals  solnl 
in  a  small  quantity  of  water  without  dctomposition  ;  it  is  made  by  dl 
solving  mercury  in  an  cxcchh  of  cold  dilute  nitric  acid. 

When  exoeea  of  mercury  has  been  employed,  a  finely  rryslalliied  basio 
salt  ifi  depoAited  after  some  time,  containing  (l!g,)(>Oj)j.i;ilg,0.3H,0,  or 
SlIgjO.N^Oj.aHjO;  this  is  also  deconip<.«e<l  by  water.  The  twosalUar%J 
easily  didtinguitfhed  uhen  rubbed  in  a  murtarwith  a  Utile  sodium  chloridfl^H 
the  iieutral  »Y»mpound  gives  sodinm  nitrate  and  rabmiel  :  the  \m»'\v.  fialt» 
sodium  nitrate  and  a  black  conijKiund  of  cnlnmrl  wi(h  mercnrous  oxide. 
A  black  8ul«tan<?e,  called  liahumutnnU  tuiuhle  nicrntnj,  is  prudut-ed  when 
ammonia  in  small  quantilv  is  dn»pp«Kl  into  a  solution  of  mereurmiB  nitrate: 
it  contains  2NU,.3Hg,O.N,'(\,  or,  accfirding  to  Kane,  SNHj.SIIgjO.xNjOj  ;  the 
com]>ositiun  of  this  preparation  evidently  varies  aooording  lo  Uie  tempera- 
tur«  and  the  ooneeutration  of  the  solutioni. 

Mercury  Sulphates.— iVwrunV  Suiphate,  HgSO,.  Is  readily  prepared 

bv  boiling  together  oil  of  vitriol  and  inelallic  mercury  until  the  Intlor  ia 
w'hnllv  converted  into  a  heaw  white  crystalline  i)Owder,  which  i»  the  sail 
In  qu'-ation  ;  the  excess  of  «Hd  is  then  removed  by  evajwration  carried  to 
perfect  drynesH.  K^iual  weights  of  acid  and  metal  may  Ito  conveniently 
employed.  Water  d.H-omposes  the  sulphate,  dissolving  out  an  acid  salt, 
and  l.Miving  an  in«oluble.  yellow,  basio  compound,  formerly  cjilled  tiirutr 
or  turhrth  minfn-al,  containing,  according  to  Kane's  analysis.  llgSOf-'illg 
or  3UgO.SO,.  L<mg-<Mmlinued  washing  with  hot  water  entirely  rcmov 
the  remaining  acid,  and  haves  pure,  mercuric  oxide. 

^«reurou*  Sutphnle,  HgjP<\,  fnlU  as  a  white  crystalline  powder  when  au! 
hurie  acid  Is  added  to  a  aolution  of  uwrcuroua  nitralo:  it  la  but  aligUtly 

buble  in  water. 
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Marcnry  Snlphidea. — yferatric  Sutpkide,  HgS,  oecnn  nalire  an  ciniui- 
'bar.  a  Uuil-rt.>U  iiiincrttl,  which  is  tho  mtwt  important  ore  of  mercury. 
[IlvitrngiMi  sulphide  piu»s*nl  in  siualt  quantity  into  a  solution  of  luercurio 
Itrate,  or  uhtoride,  fornix  a  whitti  prccipitat<i,  which  in  a  ci)ni]>ounil  of 
lercurio  an)phid«  with  the  bait  ititelf.  Au  rxuvrts  of  tlto  gtu  ixuiverttt  the 
'holu  Into  sulphide,  th«M<iIor  nt  thn  luuue  tiuw  changing  to  lilack.  Wlien 
LiH  Mack  sulphide  it)  buUinuii,  ic  becouue  dark-rod  and  cryrtialliue,  tul 
dergoes  no  change  of  OJUipoailiun  :  it  is  then  cimnabar  or  rrrmi/i'wn.  Mer- 
irio  flulphide  is  mo»t  easily  prt'partMi  by  suhliming  an  intiuintu  nnxturu 
6  parts  of  mercury  and  1  part  oE  sulphur,  and  reducing  the  rtjsulting 
inabar  to  very  ttnu  powder,  the  beauty  o(  the  tint  depending  much, 
ipon  the  ext».<nt  to  wtueh  diviaiuu  is  curried.  Thu  red  ur  crystalline  huI- 
lide  may  also  h»  form^Hl  directly,  without  sublimation,  by  heating  Iho 
:k  precipitated  Mutmtanctt  in  a  Holutiou  of  potaasiuiii  pentnsulphide  ; 
mercuric  sulphide  Ia,  in  fact,  soluble  to  a  certain  extent,  in  the  alka- 
le  sulphides,  and  fonus  with  them  crystal llza Me  compounds. 
When  vermiHon  is  heated  in  the  air,  it  yields  mclallio  mercury  und 
tblphorous  oxidu  :  It  rtwists  the  action  tiuth  of  cnuHtie  alkulieii  in  solution, 
d  the  strong  miueral  avid«,  wen  nitric,  and  id  attacked  only  by  nilro- 
mrialio  acid. 

Afercurmts  sulphide^  Hg^,  is  obtained  by  paaiing  hydrogen  ■alphide  into 
'a  solution  of  mercuroQu  nitrate,  as  a  black  prt'cipitut«,%  which  is  resolved 
at  a  gentle  heat  into  mercurio  tsulphide  and  metulUc  mercury. 


Ult, 


Ammonlaoal  Mercury  Compounds. — Mo rcur ammonium  Salts. 

-liy  the  action  of  anuuonia  and  ltd  Haliii  on  mercury  i^ni|Miunds^  u  variety 

of  subdtanuvi!  are  formed  which  may  b«  reganled  as  stalls  of  meruurammo- 

niunis— that  is,  of  ammoniuni-moleculftn  in  which  the  hydrogen  is  more 

le^s  replaced  by  mercury,  in  the  proportion  of  ItK)  or  2U0  parts  of  mur- 

try  to  I  part  of  hydrogen,  accunliug  as  the  compound  is  formed  from  a 

lerounms  or  a  mercario  salt.  The  following  are  the  most  important  of 
thrae  compounds  : — 

Mercuric  Com  {iOMn^i^  .-^Ahrcuro^iammonium  chloride,  (N,H«ng'')C'l,, 
knovn  in  pliarmaey  tvA  ftunUe  whitt\  jn-fcifutafr ,  i.s  produced  liy  adding  potash 
to  a  solution  of  am monio- mercurio  ohlori<le,  (;2NH4<'I.llgClx),  or  by  drop- 

Png  solution  of  mi^rnirio  chloride  into  a  boiling  solution  of  sal-ammoniac 
[itainiug  freo  ammonia,  as  long  as  the  resulting  precipitate  rodlssolres  : 
then  separates  on  oriolirig  in  regular  dodecahetlrons.  At  a  gentle  heat 
give;)  off  ammonia,  leaving  a  chluridiii  of  mercurammonium  and  bydro- 
n,  (MI,llg")Cl.UCl : 


I 
* 


N,n.IIg"Cl,  —  NH3Hg"Cl,  4-  NH,. 


w 


Aftrntrmnmomttm  cMoriiif,  (NH,ng")Cl. — This  8alt,  known  in  phannac|y 
as  infuMtUi  trhitr  preciiiilate,  is  formed  by  adding  ammonia  to  &  Bolntlon  of 
uwrcoria  chloride.  When  first  prcKlnnHl,  it  is  bulky  and  whit«,  but  by 
contact  with  hot  water,  or  by  much  washing  with  cold  water,  it  Ik  con- 
verted iutohydrated  dimercurammi.nium  chloride,  Nllg^jCUI/). 

Tnuuvmrft-diammonium  nitrtUe,   (N,lMlg",>(N0,)...2H,0,  la  formed  as  a 
rhite  pr.K'ipitate,  on  mixing  a  dilute  and  very  acid  aolutioD  of  mcrpurio 
Itrate  with  very  dilute  nmmnnia. 
TViwcfcuro-rfmjJiinr,  N,Hg"„  a  compound  derived  from  a  double  molecnii* 
of  ammonia,  N,ll,,  by  suJjatitution  of  li  atomn  of  bivr.b'nt  mercury  for  6 

Cf  hydrogen,  is  formed  by  paasing  dry  ammonia  gas  over  dry  preci- 
mvrourio  oxide : 


3HgO  -f  2MIj  .  N,Hg,  +  3U/». 
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Th«  excess  of  oxido  being  removed  by  nitrk-  acid,  Iho  trimcrcaro^&min« 
is  uhtaiuud  aa  a  dark  liruwu  |x>wdnr,  which  ujtpliMles  by  huat,  frictif 
jwrriu^iou,  or  uoutaot  with  oil  of  vitriol,  almost  as  violeully  an  mil 

vbloridti.  

iJiittrratrumnionium   chlorith,   Nll£'',C1.H,0,    is  obtained,    an   already   ob* 
'red,  by  builitig  Dn^reiirodiammouium  uhluride  (infusible  white  precipi- 
itt')  with  water.     It  ia  a  heavy,  grauulnr,  yellow  powder,  which  Ituiui 
while  again  when  treated  with  snl-uiiifnoniac. 

OintercurtuRftumiaw  iWit/p,  >'Hg"jI.HgO. — Tlu's  eonipomid  may  be 
by  digesting  the  c<>rresponilhig  t-hloritle  in  a  solution  of  p4Hji8Hium  ic 
or  by  heating  mercurii'  imlide  with  excess  of  aqutHJua  ammonia : 

2UgI,  +  4NH,  4.  11,0  =  KUg'VH^  +  3>'H^I; 

alao  by  passing  ammonia  gaa  over  mercuric  ozy-iodide  : 

Ufc'*V>j  +  2NH,  =  2(NHg'V.H,0)  -f-  H.O; 

and,  lastly,  by  adding  ammonia  to  a  solution  of  potas«io-uiercurio  k 
mixed  with  cauetie  pota±ih  : 

2(2Kl.UgI0  4-  ^'",  +  3KH0  =  NHg"J.H^O  4*  7KI  +  2H,0, 

This  last  reaction  aflforda  an  extremely  delicate  teat  for  ammonia.  A  at 
tion  of  putassio-mercuric  iodide  Ih  preparetl  by  aildiiig  potassium  iodide  to 
a  skilution  of  oorrmive  sublimate,  till  a  portion  only  of  the  resuUiug  red 
precipitate  la  redisiiolTcd,  then  filtering,  and  mixing  the  filirAte  with 
cauutie  potash.  The  liquid  thus  ubUiitK'xl  forin»,  with  a  very  Hmall  (Quan- 
tity of  ammonia,  either  free  or  in  the  form  of  an  ammoniacal  salt,  a  bnjwiL 
precipitate,  solubiti  iu  excesa  of  poLaatiiam  iodide.  This  is  oalhwl  >'esli«^M 
test  for  ammonia.  -^^ 

Dimrrrurtiiiutmitium  ffgdrojrifie,  NHg"j(HO). — This  oomponnd  is  farmed  bj 
treating  prerijiitated  mercuric  oxide  with  a(|ueouH  ammonia,  or  by  treatinf^ 
either  of  the  ilinieronrAniiiioniuni  salt:*  with  a  caiiMlic  alkali.  It  is  a  brown 
powder,  whiuh  didaolves  in  aci<ls^  yielding  saltfi  of  dimercurammoniuni. 

IhmtrcHratMnmiium  Suffifnitt^  (Nng"]),Stt,.2U,0,  formerly  called  ammonuz- 
eal  tur^fithujH,  is  prepared  hy  dissolving  mercuric  sulphate  in  ammonia,  and 
precipitating  the  solution  with  water.  It  ia  &  heavy  white  powder,  yel- 
lowish when  dry,  rosolrod  by  heftl  into  water,  nitrogen,  ammonia,  and 
morouroua  sulphate. 


MerAnroDH  Componndti. — ^frrctl^n»amnmniam  CUondr,  NHjHg'CI,  U 

the  hiark  precipitate  formed  when  dry  calomel  is  ezpoae<l  to  the  action  of 
ammonia  gas.  When  exposed  to  the  air,  it  gives  off  ammonia  and  leaves 
white  mercurons  chloride.  —  />tm<Tct«wiHmmoiirN«  fhhrUit,  NH,Hg',Cl.  is 
form*Ml,  together  with  sal-ammoniac,  by  digesting  calomel  in  aqueous  am- 
monia : 

HgjCi,  4-  2XH,  =  NH,Hg,a  4*  ?^np. 

Il  i^  gray  whon  dry,  anH  is  not  altered  by  Itniling  water. — Dimrrcvrosant- 
mnnium  nitrate,  2(N'H,H<:,)NOj.HjO.  This,  according  to  Kane,  is  the  com- 
position of  the  velvet-black  precipitate  known  as  Hahnemann's  soluble 
mercury,  which  ia  produced  on  adding  ammonia  to  a  solution  of  niereurona 
nitratt*.  Awvrding  to  C.  0.  MilHcherlirh.  on  the  other  hand,  the  pr»»<Mpj 
late  thus  formeit  has  Ibe  nnnijKwilion  2Nn,.N/K,3IIg.,<>.  which  ifl  that  of  1 
hydrattxl  trimercuTosammonium  fiitraU,  2(>'UHg,)>*0|.2H|0. 
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RmetSmu  <^  Mmmrif  SatU. — All  mercury  compoanda  are  roUtiUsed  or 

deiyimpoHcHl  by  a  tem^jeralure  of  ignlliuu  :  tlumt;  wliJcb  (ail  tu  y'lvUi  the 
nit'ial  by  siuiplo  heating  way,  in  all  cases,  be  made  to  do  so  by  heating  la 
a  test'tube  with  a  little  dry  sodium  ('.ar  twit  ate.  Th«  uivtat  itt  precipitated 
from  its  soluble  oombinatiuuH  by  a  plate  uf  co^ptr^  and  aUo  by  a  solution 
of  jfanaouj  chionda  uded  in  excess. 

JJjfdrogem  uuiphide^  and  AmmoMium  tntiphide,  prndnre  in  snlntionii,  tmth  of 
meroario  and  of  merouroua  e&lia,  black  preoipitates  insoluble  in  Hmmo- 
lium  flolphide.  In  mtTcurio  salts,  huwurcr,  if  the  quantity  of  the  reagent 
Ided  is  not  Huffiuiffnt  fur  complete  dec<jmpot)ition,  a  while  preoipitat«  is 
irmed,  ounaislmg  of  a  compound  uf  m<>rcuric  sulphide  with  Ihv  original 
lit,  and  uflrn  w»lore<I  yellow  or  brown  by  exct'ss  of  mercuric  sulphide, 
kn  vxcefls  of  hydregeu  sulphide,  or  awmouiam  sulphide,  instantly  Lurnfl 
he  precipitate  black.  This  reaction  is  <juite  characteristic  of  mercuric 
kits. 

Uercario  salts   are  further  distinguishe'l  by  fanning  a  yellow  pre- 

jipitatt!  with  caustic  jtotuJi  or  mvJu;  whilu  with  aiiimimia  or  atntMouiutn  t^ir- 

inaolable  in  excess  ;  red-brown  with  potuMMum  or  g^tium  rarimnate, 

potoMtum  iodide  llu-y  yield  a  bright  scarlt*l   ]>reoipitate,  soluble  in 

:ces«,  cither  of  the  mercuric  salt  or  of  the  alkalim;  iodide. 

Mercurous    salts    are  es(>eciatly    charactcrlied     by   forming,    with 

\udrttckluric  acitl  ur  ntUubU  vMiorideSj  a  white   precipitate  which   is   turned 

^■vk  by  ammonia.     They  also  yield  blaok  precipitates  with  cxitutic  alka- 

iie*;  white  with  aUiolw  oarbmtaiM,  soon  turning  black;  greenish-yellow 

poUuuiuiH  i( 


AUoya  of  raoroDry  with  other  metals  are  termed  amalgams:  meroory 

Iret  in  this  manner  mnny  of  tlie  atftalm,  aa  gold,  silviT,  tin,  lead,  vtv. 
>  oomhinations  sometimes  take  place  with  considerable  violence,  aa  in 
le  case  of  potassinm,  in  which  light  and  heat  are  produced  ;  besides  this, 
lany  uf  the  amnlgauis  aft4*r  a  while  l>etNiiiie  stiliii  anil  crystalline.  Thn 
malgara  of  tin  used  in  silvi^ring  looking-gl3M»es,  and  that  of  ttilver  and 
copper,  sometime*  employed  for  stopping  hollow  teeth,  are  examples, 
'he  solid  amalgams  app^^ar  to  be,  for  the  most  part,  definite  coniiMiunds, 
rhile  ihti  liquid  amalganid  may  Ih;  regarded,  in  many  InstaDoes,  aa  ftola- 
lons  of  definite  comp«jund'5  in  excess  of  mercury,  inasmui'h  as,  when  they 
pres^ttsl  hiftw<H>n  chamois  leather,  mfmury,  oniitsining  only  a  small 
lantity  nf  the  otlu^r  metal,  posscv  through,  while  a  solid  amalgam,  fre- 
illy  of  definite  atomic  cnnstituljon,  remains  behind.  A  native  i.*om- 
mnd  of  mercury  and  silver,  called  "amalgam"  by  minerab^'ists,  and 
r«iaving  the  composition  Ag^Ug,,  or  Ag.Hg,,  is  found  erytttullizeil  in  octuhc- 
idrons,  rhombic  dodecahedrons,  and  other  forms  of  the  regular  systou 
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THALLIUM. 

Atomic  weight,  204.     Symbol,  TL 

Tbib  element  w.is  discovered   hy  Crookea,  in  1861,  in  the  seleniferons 
deposit  of  a  Itjiul-uhaintwr  of  a  &ul])huric  ncid  Factory  in  the  Hartx  Moui 
tfiiDti,  where  iron  pyrit*.-^  is   u^vd   for   tliu  manufacture  uf  sulpiiurio  aui 
The  name  i^  deriviMl  from  SaVXk,  "green,"  becaiwe  tlie  exislenen  of 
nieial  was  Ilnst  reoo^nixed  by  an  intense  green  line,  appearing  in  the  h| 
trum  of  a  Ilame  iu  which  thallium  is  Tolatiliied,     It  was  al  tlrBt  Bunpivit 
to  bo  a  metalloid,  but  further  examination  proved  it  to  be  a  true  metal, 
It  wori  llr^t  obtained   in  a  diiitinct  uietalUi'   funu  by  CrooktM  towards  the 
end  of  the  year  IStJl,  and  hikjii  a^e^wa^d^<  by  Lamy,  who  prepared  it  fro^^H 
the  dei»o8it  in  the  lead-<<liiiiiibi'r  of  M.  Kiihlmniin,  of  Lille,  where  Belgia^^J 
pyritea  is  employed  for  the  manufacture  of  sulphuric  acid.  ^^ 

Thallium  appears  to  be  very  widely  dilTnstxl  oh  a  oonHtituent  of  iron  and 
oopper  pyrilcM,  though  it  never  ixmsliluteH  more  than  the  44»OOth  part  of 
the  bulk  of  the  ores.  It  hart  at;*o  lieen  found  in  lepidolite  from  Moravia, 
in  mica  from  Ziunwald  in  Bohemia,  and  in  the  motUer-Uquom  of  the  sail 
workis  Hi  Nnuheim.  ^H 

Thallium  iit  mo^t  aoonnraioally  prepared  from  the  (Ine-dunt  of  pyrit«^H 
burners.  This  substance  is  atirn>d  up  iu  wooden  tubs  with  Iwiling  water^^ 
and  the  clear  litjuor,  siphoned  «tf  from  the  deposit,  ift  mixed  witli  excess 
of  strong  hydrfH^hloric  acid,  which  precipitates  impure  thallium  momv 
chloridt).  To  obtain  a  pure  salt,  Lhiii  crude  chloride  is  a<lde«l  by  smalt 
portions  at  a  time  to  hall  its  weight  of  hot  oil  nf  vitriol  in  a  |>orcetain  or 
platinum  dish,  the  mixture  being  constantly  Btirred,  and  the  heat  con- 
tinued till  the  whole  of  the  hydrochloric  acid  and  the  greater  portion  of 
Iho  exoeaa  of  anlphuric  acid  are  driven  off.  The  fuseil  acid  sulphate  is 
now  to  be  dissolved  in  an  excess  of  water,  and  an  abuitdnnt  stream  of 
hydrogen  sulphide  passed  through  the  solution.  Tlit*  precipitate,  which 
may  (vmlain  arsiMiie,  antimony,  bismuth,  lead,  mercury,  and  silver,  is 
BeparatiMl  by  Oltration,  and  ihn  filtrate  is  Ijoiled  till  all  fn-e  liydrogen  sul- 
phide is  removed.  The  liquid  is  now  to  be  rendered  alkaline  with  ammo- 
nia,  and  txiiled :  the  precipitate  of  iron  oxide  and  alumina,  which  gene- 
rally appears  in  this  place,  is  (illi'red  off;  and  the  clear  solution  evoporated 
to  a  small  bulk.  Thallium  sulphate  then  separates  on  cooling,  in  long, 
clear,  prismatic  crystals. 

Metallic  thallium  may  be  reduced  from  the  BolntioD  of  the  solpliAt*, 
either  by  electrolysis,  or  by  the  action  of  zinc.  ^J 

Thallium  is  a  hi'avy  metal,  resembling  lea*l  in  its  physical  propertio«^H 
When  freshly  cut.  it  exhibits  a  brillian!  metallic  lustre  and  irrayish  coloi%™ 
aomewhat  l«!tween  those  of  silver  and  lead,  assuming  a  slight  vellowish 
lint  by  friction  with  harder  iKKiies.  It  is  very  soft,  Wing  readily  cnt  with 
a  knife,  and  making  a  stroak  on  pajHr  likn  plumha?').  It  is  v'ory  malle- 
able, is  not  easily  drawn  into  wire,  but  may  be  r.-a^iily  aqueete*!  into  that 
form  by  the  pr-Hvss  terhnicnlly  called  *'K|iiirtinp."  It  has  a  hiv'bl, 
orystallinp  stnuttin*,  and  crackle*  like  tin  wbt-n  ImuiI.     It  melts  at  2n-*o, 

In  uonuct  with  the  air,  thallium  tarnishes  more  rapidly  than  lead,  I 


THALLIUM 


ooming  ooatod  with  t  thin  Uyer  of  oxide,  whioh  preserves  the  rest  of  the 
ftal. 

The  most  charBcteristic  property  of  thalliam  ib  the  bright  gre«n  color 

rhich  the  invtal  or  any  of  it«  (.uimpounda  impart  to  a  colorless  ttaine  ;  and 

lis  i^lor,  when  TiHwetl  by  the  e!iiMH:troiioop«,  is  seen  to  be  abaolatvly  luouo- 

irnmaiio.  appc^aring  as  one  iittonitoly  brilliant  and  sharp  gnsen  line. 

Tlialliiim   diH^uIvfS   in    liydr<jchluric,   kulphuric,   and   nitric   acids,    thfl 

itt«r  aitat^lcing  it  very  energetir^lly,  with  copious  (^volution  of  r«l  vajioni. 

Thallinm  forxiut  two  v1iusc*b  of  conipouudii — naiuidy,   the    tUnllious 

^4}ompou  nds,  in  whieh  it  is  uniraU'Ut :  ami  tho  thai  lie  eoinpounds, 

fin  which  it  is  trivatent.     Thus  it  forms  two  oxidue,  T1,0  and  T1,0„  wiih 

irrcNpondiug  chloridtifSf  brumidi-s,  iodides,  and  oxygeu-salts.     In  some  of 

Its  rhrniii^l   relatione   it   riTSfniljlt'st    tlm   alknli-mctalH,  forming   a   r*'ndily 

»lubl**  and  highly  alkalino  uion<»3tidu,  a  soluhlo  and  alknliim  carlwnntu, 

n  ini^oluble  |ilatini)Otilori<le,  a  thalliO'Slinuninio  sulphate,  Aiiuilar  iu  form 

td  ooinpcwilion  to  oinomion  potoeh-alum,  and  several  phoephati-A  exiualy 

lalugous  in  composition  to  the  phosphates  of  sodium.     In  m*jKt  rtwpf^uts^ 

)WeTer,  it  is  more  nearly  allied  to  the  heavy  metals,  r«>ppcially  to  h'odf 

'hich  it  rcaiimblfs  closely  in  appearance;,  density,  meltiug-iioiuti  spvcitio 

keat.  and  electric  conductivity. 

Thallium  Chlorides. — Thalliura  fonos  fonr  clilorides.  represented  by 
[ihi'  forrniiliB  TICl,  TI^Cl,,  Tl,('l„  ami  TlCl, ;  th«t  set-omi  and  Ihird  nf  which 
lay  be  rvgardL-d  oa  compoundi}  of  the  monochloride  and  irichlnride. 
The  MonocJiloride  or  ThaUHms  t'kloridr,  Tll'i,  is  formi-d  by  direct  combina- 
m,  thH  metal  burning  when  hitattvl  in  rhli*rin(<  gax  ;  or  as  a  white  eunly 
ipitat«,  reeembling  silver  chloride,  by  treating  the  solution  of  any 
kallious  salt  with  a  soluble  chloride.      When  Itoiled  with  water  it  dissolves 
ce  lead  chloride,  and  svi»arates  in  white  orystals  on  cooling.     It  lorma 
Mtble  saltH  with  triclilorido  of  gold  and   tftrachloride  of  platinum.     Tho 
I  ttUi^  2TlCl.lHClj,  separates  afl  a  pale  yellnw  very  slightly  soluble 
rystallino  powder,  on  adding  plalinic  chloride  tn  ihalUous  chloride. 
The  Trickloritie  or    7'hallir  chloridt,  TK'lj,  is  obtaintnl   by  dirtsolviug  the 
loxido  in  hydrochloric  acid,  or  by  acting  upon  thallium,  or  one  of  the 
>W0r  uhloridev,  with  a  large  excess  of  chhirinu   at  a  gentle   heat.      It   is 
duble  in  water,  and  separat#»  by  evaporation  iu  a  vaL'uum  in  hydratinl 
itals  :  molts  easily,  and  decomposes  at  a  high  temperature.     It  fomw 
italline  donble  salts  with  thp  chlorides  nf  the  alkali-metals. 
The  Sftquichlaridf,  TI^Cl,  «  TK'l,.aTI('I.  is  pr^wluced  by  diasolving  thal- 
lium nr  the  momicliloride   in    nitrt>iuuriatic  aeid,  and   separates  on  cooling 
yellow  crystalline  scales.     By  actueoua  ammonia,  polaHh,  or  even  by 
lallious  oxide,  it  Is  instantly  decomposed  into  Be8<iuioxii1e  and  moDOchlo- 
Ide,  according  to  the  e<juatioD  : 

2Tl,n,  +  3KH0  =  T1,0,  -f-  GTICI  -f  3KC1  +  3Ha. 

Thf  Ih'rhlorut^,  Tl,n,  k  Tlfl^.Tiri,  is  formed  by  carefuUr  heating  thal- 
linm or  the  monochlnrifle,  in  a  slow  curr'^nt  of  chlorine.  !t  is  a  pale  yel- 
low snbKtance  ri^duced  to  sesqniohloW  te  by  further  heating. 

The  Rromidbr  of  thallium  resemble  the  chlorides. 
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Iodides. —  Thalfimui  hnUtlf^  Til,  !9  fomjed   by  direct  combination  of  ita 

IcmentH.  or  by  dnuble  deoompoHltion.     It  forms  a  lieantiful  yellow  powder, 

ther  darker  than  sulphur,  and  melting,  Indow  redness,  U\  a  scarlet  liquid, 

whtrh,  as  lh«>  maj^s  oools,  remains  scarlet  for  som^  time  after  sotidiAeation, 

then  chances  to  bright  yellow.     The  dried  precipitate,  when  fiprciid  on 

per  with  a  little  guiu-water,  andergoes  a  similar  but  opposite  change  to 
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thftt  cipwipnced  by  mercuric  iodide  when  heatt»d.  the  yellow  snrfiiae 
Iteld  owr  a  flume  (nuldcnly  1x'*comiug  soarli-t,  and  frt-qucrilly  rt^m&inJDg 
ftfUT  «x»oling  for  aovf^ral  days  ;  hard  friolion  with  ft  glivHs  rud,  liovr*v 
clinii|;os  ttie  scarlet  oolur  bavk  to  yvllow.  It  is  very  slightly  soluble 
watvr,  requiring,  acuonting  to  Crookee,  4453  parts  of  wat«r  at  17.^, 
842.4  pans  at  100^,  to  dissolve  it. 

Thailic  Jodide,  Tllg,  is  formed  by  the  action  of  thallinra  on  iodine  dii 
flolved  in  ether,  as  a  brown  solution  which  gradually  de])Ofiits  rl 
prisuis.     It  furuis  cryutalliuu  uompuunda  with  thu  iodides  of  the 
melaU. 
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Tballitun  Oxtdes. — ThRlIinm  forms  a  monoxide  and  a  trtoxide 
'Ihf  Mnnnxide  or  Thallious  Oxide,  TIjO,  ronstituttis  the  chief  ])art   of  the 
orual  which  foruu  on  the  surface  of  the  metal  when  exposed  to  the 
It  may  be  prepared  by  allowing  granulated  thallium  to  oxidize  in  wa 
moist  air,  and  then  boiling  with  water.     The  filtered  aolatiou  first  dcposl 
whit4*  needles  of  thallium  carbonate,  and»  on  further  (xxiling,  yelU'w  nwKll 
of  the  hydroxid**,  TIHO  or  TljO.H,t),  whieh,  when  left  over  oil  of  vitri 
a  vacuum,  yields  the  anhydroiut  monoxide  as  a  reddish-blaek  mass  retain 
ing  the  rihape  of  the  (TystJiU.      It  is  pnrtiiiDy  reduced   to  metal   by  hydro- 
gen at  a  red  heat.     When  fused  with  siilplitir  it  yields  thfillioiiB  siilphid 
It  dis§ulv(*8  readily  in  wat»-r,  forming  a  co|nrIei*s  strongly  alknltne  solutini 
whifih   macls  with  metallic  salts   vory  wneh  like  cauhlic  jHitash.     Th 
solution  treated  with  zLuo,  or  subjected  to  eleutrulysis,  yields  metallie  thal- 
lium. 

The  Trioridf,  or  Thailic  Oridf^^  is  the  rhief  product  nbtaiuo<l  by  burning 
thallium  in  nxygen  gas.  It  is  best  prepared  by  adding  jHdash  to  the  solu- 
tion of  a  thallie  salt,  and  drying  the  prtrcipitate  at  2t;t>^.  It  in  also  formed 
by  eU^ctrulysis  uf  thaHiouK  sulphate.  It  is  a  dark  red  powder  re<liired  to 
thalliiuis  oxide  at  a  red  heal ;  neutral,  insoluble  in  water  and  in  alkali 
Thallio  hydrate,  TI^'^HO,,  is  obtained  by  drying  the  above-me»tioni>d  p 
oipitate  at  UM.t^. 
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Ozygen-salts. — Both  the  oxides  of  thallium  difsolve  readily  in  aeidvj 
foriiiiiig  cr>'8tall)iiu  salts,  soluble  tn  water;  there  are  also  a  few  insoluble 
thallium  salts  formed  by  douhle  deooni]><isilion. 

Tkullinus  carbonate,  TI,CO„  is  depo8it«»d  In  crystals,  apparently 
trimetric,  when  a  solution  of  thalliou>i  oxide  i»  ex]>osed  to  the  air.  It  is 
soluble  Lu  water,  and  the  solution  has  a  slightly  caustic  taste  and  alkaline 
reaction. 

SulphateM. — Thallioua  sulphate,  Tl^SO*,  obtained  by  evaporating  the 
chloride  or  nitrate  with  sulphuric  aold,  or  by  heating  metallie  thnlliuia^H 
with  that  acid,  crystallizes  in  anhydrous  rhonible  ]>risms,  isomnrphonj^^ 
with  potassium  sulphate.  It  forms,  with  aluminium  sulphate,  the  salt, 
AITI(SO,),. 1211,0,  i)>omorpbous  with  otnomon  alom  ;  and  with  the  sul- 
phates uf  magnmiiim,  nirkel,  etc.,  double  salta  containing  6  molecules  of 
water,  and  ii^oniurphous  with  magniislum  and  potassium  sulphate,  etc.  (p. 
STift).  Thatlir  xidyhatr,  Tl,(S«),)j.7M,0,  separati^  by  eva|Kiratinn  from  a 
solution  of  ihallir  oxido  in  dilute  sulphurio  arid,  in  thin  etdorless  lamiui 
which  are  detwmposed  by  water,  even  iu  the  oold,  ^ith  separation  uf  bruwi 
thallio  oxide. 

Photphatet.'— The  thallioua  phnsphatea  form  a  aeriefl  nearly  as  ooi 
plete  as  thtise  of  the  alkalt-metxlrt,  vhirh  they  al^o  resemble  in   their 
havior  when  heated.     Tliere  are  three  nrthoftfinKphat^s,  eunlninlng  respt. 
lively  HjTirO,.  HTI,ro<.  and  Tl.ro,.     The  fir-*  »"-  -t-  .mI.,i.|m  in 
the  second  is  obtained  by  neutrslijiing  dllut*-  l  at  botUi 

beat  with  thallioua  carbonate,  and  the  Hret  bv  h.  'nillioua 


with  exoeM  of  phosphorio  jutd.  Tlio  tritfiaUious  aalt,  TliPO^,  is  rery  ipa- 
ringl/  solabU%  nnd  ia  formed  as  a  crysUiUinu  precipitate  uu  luixiDg  Ui« 
Buturuto'l  tiolulioii^  of  ordiuar^  Ji^xliv  plutrphate  nmt  tliallimiA  siilphiiUi; 
aU<>,  Uy^v\\\vr  with  aininotufvtballiutis  plioupliati^,  by  in>aliDg  Ibo  moiKH 
thalliou:^  or  ditballinii^  salt  with  tfXCMts  of  uiuinonia.  Tbfri?  are  Iwu  fAu/- 
/lotu  ;>yro/)A/M;»Aa/e*,iijTljP,<.>T,  and  Tl^I^jO^,  both  v«ry  Boluble  \u  water:  the 
first  producL>d  by  carffiilly  hcattn);  moiiothaltiouti  urlbuphuHphaUi,  the 
Seound  by  strongly  hoatiug  dithulliuu:i  orthophu«ph&tu.  Of  t/uJtiaiu  tHt-Jw 
pho»jihatr.y  TIFO],  tht-re  arti  two  modiiicatioiw  :  thu  tirst  rviuaiuing  aa  a 
Blightly  BolnhlH  vitrf^uti  ma^fi  when  nionotballtous  ttrthoph'wphate  is 
strungly  ignite<l,  tho  i>ucoud  obtaiutnl  aa  au  eaaily  aolublu  gto^a  by  igniting 
animonio-tballiouA  ortbopbojtpb&tu. 

ThaUic  orthpho»pfiatf,  TI'"P04.2II,0,  wparatea  as  an  iiiaolab1«  gelatlnooa 
prttciplta.t«  on  diluting  a  aolution  of  thollic  uitratv  iniaod  with  phtwphuria 
acid. 
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TbalUum  Sulphide,  T1,.S. — ^This  compound  is  precipitated  from  all 
thallioud  xaltji  by  luitaionium  Biilpludo,  aud  from  th«  acetate,  carUiualn, 
or  oxalate,  by  hydrngHn  sulijliid*.*  (in(X)mplett'ly  alio  from  the  nitrate,  sul- 
phate, or  ohIoridH),  in  dt^nnn  Hockn  of  a  graybih  or  hrowniah-blmk  cidnr. 
ThalHo  salta  appear  to  Im>  redue«^  to  thalHouu  aolts  by  boiling  with  am- 
monium sulphide.  Thallium  sulphate  projected  into  fusiied  p^jtasttiuiu 
eyanide  is  rednood.to  sulphide,  whinli  then  fonns  a  brittle  nit'taUic-looking 
mass,  having  tho  lustra  of  plumbago,  and  fusing  morti  readily  tliau  metal* 
lie  thallium. 


Rf^adion*  of  ThaUiitm  Stiltit. — Tht*  r»'»rtlmis  nf  IballioDs  salts  with 
tiydrogcn  sulphide  and  ammonium  sulphide  have  Juiit  btH>n  mentloneil. 
From  their  aqueous  solutions  thallium  is  rapidly  priH.-ipUated  in  metallio 
OrysttaU  by  rinr,  slowly  by  iron.  Solnble  rhhridrn  prtniipitati;  dilBcultly  sulu* 
ble  whitn  thallious  chloride;  soluble  bromides  throw  down  white,  nparly 
.Insoluble  bromide;  !<olublH  iodidea  precipitate  imtoiuble  yellow  thalliouH 
;]odide.  Caui^tic  alhnlitjt  and  atkutine  mrftonate*  form  no  prooipitatu  ;  an/imm 
j'jffkotpfuite  forms  a  white  precipitate,  insoluble  in  ammonia,  easily  soluble  in 
acidit. 

t^Hiumium  chrofoate  pivcs  a  ydlow  precipitate  of  thallions  chromate  in- 
soluble In  cold  nitric  or  sulphuric  auid,  but  turning  orange-red  on  iKiiling 
in  th<^  acid  solution.  Ptatinic  cJUaride  precipitates  a  very  pale-yellow  in- 
■olublo  double  salt. 

Thallic  salts  aro  oasily  distinguished  from  thnillous  salts  by  their 
behavior  with  alkalits,  and  with  soluble  rhloridfs  or  broinid**a.  Their 
■olutions  give  with  ammomia,  and  with  ^firrd  alkalua  and  their  carbonaii!*, 
a  bn>wn  gflatinoiiti  preripitato  of  thalMc  oxide,  containing  the  whole  of  the 
thallium.  Soluble  cMondfs  or  bromuiea  proiluce  no  precipitate  in  soluliniis 
of  pnna  Uiallic  salts  ;  but  if  n  thnlliouH  snlt  in  likewise  present,  a  pr*Mnpi- 
t*te  of  aesquiehluride  or  sestinibrnmidn  is  formed.  OrnUc  arid  forms  in  «o- 
flntlons  of  thallio  salts  a  white  pulverulent  precipitate  ;  photphoric  acid  a 
'^vhitu  gelatinous  precipitatu  ;  and  arMr.nic  acid  a  yellow  gelatinous  precipi- 
tate. Thallio  nitratt?  give^  with  poUusiutH /erroctfanide  a  green,  and  with 
the  /CTTi'cyuiiiV/*'  a  yellow  preci]>it.ite. 

In  examininir  a  luixt^l   metallic  solution,  thallium  will  he  fonnd  in  the 

precipitate  thrown  down  by  aiunioniuui  sulphide,  t^jgethcrwith  inm,  nickel, 

rjnanganese,  etc.     From  these  metals  it  may  bo  easily  separatL-d  by  precipi- 

ition  with  potaiisium  iodide  or  platinic  chloride,  or  by  reduotlon  to  the 

letalUc  state  with  zine. 

Tballinm  aalta  are  redaoed  before  the  blowpipe  with  oharooal  and  sodium 
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cAr>>oiiate  or  potaMtnni  oyanirte.     The  g;re<m  oolor  imparted  to  flnm* 
thallium,  and  the  peculiar  ciiaroctor  of  its>  spectrum,  have  already  beoQ 
muutiuuei).  '^^^^h 

INDIUM.  ^I^^l 

Atomic  w«tglit,  US.i.    Symbol,  In.  ^^^H 

Tiiift  extrcimoly  rare  mi'ln]  was  discovt^rod  in  1503  by  Rcioh  and  Richt«^^| 
in  the  zinO'bltitidti  uf  FreibtTg,  and  ha8  bJiitit?  Iwuu  found  in  n  few  uth^^H 
ziniN4ir<vi  anil  in  the  Hiio-diiMl  of  zinc  fuTiiaces.  Tin*  inittAitir  s|>nQf;^^H 
which  remains  when  the  crude  liitu  uf  the  Freiherg  works  is  dissolvHd  iu 
diiute  aulpburic  aoid,  cuiitainH  the  whuh*  of  the  imlium  (0,(>4Ii  per  cent.), 
together  with  lead,  arsenic,  cadmium,  and  iron.  It  in  ditiHolve<l  in  nitn'c 
acid  ;  the  l«a<l,  arsenic,  ami  cadmium  are  precipitalwl  by  hy(lr4»j;en  aul- 
phiile  :  and  th»  fUterixl  Aoliitioii  »  heated  with  |>otaHsiuni  ehtnrAte  Uy 
bring  all  the  iron  tn  the  sUtu  uf  ferric  salt,  and  then  treated  with  aiiuno- 
uia,  winch  preeipitates  the  liuliam  &a  a  hydroxide,  toj^^ether  witli  iron  and 
xfnc.  The  precipitate  iti  dis^oIviHl  in  acetie  acid  ;  the  indium  ia  precipi- 
tated as  sulphide  by  hyilro^en  sulphide;  and  freed  from  trMen  of  in*ii 
and  tine  by  iliasnlving  the  fifeiipltate  in  dilute  hydrochloric  aeid,  precipi- 
tating the  indium  by  aj^Jtation  with  barium  carbonate,  dissolving  out  tbu 
indium  hydroxide  by  dilute  sulphuric  acid,  and  ruprecipitatiug  with  aiu- 
monia. 

Indium,  rediicodi  from  its  oxide  by  ignition  with  sodium,  Is  a  eilver*^^ 
white  metal,  soft  and  ductile,  has  a  t»|M>cinc  gravity  of  7.4:21,  uclta  al^l 
17tP  C.  (348.8^  v.),  ami  is  less  volatile  than  ca<lmium  or  zinc,  Whe^H 
heated  to  ruducMs  iu  the  air,  it  buriu  with  a  viulct  tiame,  and  is  uonverto^^^ 
into  the  yellow  se^quioxide.  Uealinl  iu  ohloriue,  it  burns  with  ayelloW^^| 
green  light,  and  forms  a  chloride,  wlach  Bublimea  without  fusion  at  A^^| 
incipient  red  heat  In  soft,  white  laminie.  ^^H 

Imlium  diiwolvcs  in  the  slmng  niin<'rnl  aeida.  and  is  proelpitatod  froia^^ 
the  solulioxui  by  jihc  and  catlmium.  Iltjiirogrn  iru//j/<i'i/^  precipitates  it  com- 
pletely, as  a  yellow  sulphide,  from  a  solution  of  its  acetate,  and  from  uen- 
trul  solutions  of  indium  salts  iu  general,  but  not  from  solutions  coutaiuing 
exct<fls  of  the  strong  mineral  acids,  Amtwinia  and  sotUum  curhtmate  produi;e 
white  precipitates  insoluble  in  exc4*a9  :  rauxtic  potash  or  soda  throws  down 
white  indium  hydroxide  soluble  In  excess  of  the  alkali.  Ammomum  ear- 
hamiUg  forms  a  white  precipitate  holuble  in  excess,  and  repreeipilated  on 
boiling.     Barium  carbniuitr.  precipitates  indinm  completely. 

The  spectrum  of  indium  is  chamoteriaed  by  two  indigo-enlorcd  lines, 
one  very  bright  and  more  refrangible  than  the  blue  line  of  strontium,  the 
other  fainter  and  still  more  refrangible,  and  approaching  the  blue  lino  of 
potassium.  It  was  the  ubservation  of  this  peculiar  ape-clrum  that  led 
the  disc*)very  of  the  metal. 

The  formuln  of  the  prluoipal  uonuAl  Indium  oompouodfi  are  as  follows  :- 

Chloride InCIj 

Indium  and  ammonium  chloride         .  2NHjC1.1dC1|  +  H,0 

YeUow  oxiile        .....  ln,0, 

Hydroxide lnll,Oa 

Nitrate ln(NO,), 

Sulphate ln,(SOJ,  +  911,0. 

The  yellow  oxide,  tieated  In  a  fitre&m  of  hydrogen,  ia  BnocosaiTely  ro- 
duued  to  a  gre<>n.  a  gray,  and  a  black  oxide  (IdO,),  and  at  a  low  red  hi 
to  the  metallic  state. 


GALLIUM. 


OALLITTM. 

Atomic  weight,  «s  *1i.    Symbol,  Q%. 

Tnifi  mptftl  WM  disoovered  in  1875  bj  Locoq  do  Boisljaudran,*  in  a 
bleiitln  fnmi  the  mine  of  i'lern-'fitt**,  hi  lh«  ralk-y  of  Argeleti,  Pyrencwj, 
and  bort  likiiwtRf  been  found,  thuugb  always  in  verj  itmall  quantity,  in 
blendi?a  from  other  Iwflliti<-«.  It  in  iK*paratod  by  dinaolring  the  hU*nd<f  ia 
nitromiiriulio  aci<l,  immiTriinj;  |il<ilea  of  7.inc  in  the  Holntion  tiU  thu  tlia* 
engagt*ment  of  hydrogiin  hfMwinrfi  slow, — wht;ruby  copper,  lead,  cadmium, 
ftnd  ulhur  mutala  aru  prucipitatiNl, — and  then  bulling  (he  cb<ar  liquid  fur 
■ATHral  hoars  with  a  large  vxcfss  of  xino,  which  throws  down  alumina, 
basic  zinc-salU,  and  oxidn  of  gallium.  This  precipitate  is  rediitdnlved  iu 
liydrtwhloric  acid  ;  th*»  Holutinn  again  bnik-d  with  zinc  ;  the  resulting 
precipitate,  which  contaiois  the  gallium  iu  a  more  concentrated  form,  is 
.ledisHolved  iu  hydruclihtric  acid  ;  tlie  Bolution  mixed  with  ammunium 
acetate  iK  treatnd  with  hydrngen  Hulphlde,  which  throws  down  the  Kino 
and  gallium  tm  sulphides,  leaving  tho  aluminium  in  solution  :  and  this 
trt.*atii>rnt  18  repeated  to  insure  the  tv)inj)l|.te  separation  nf  the  alumina. 
The  white  sulphides  uf  sine  and  gallium  are  then  digmdved  iu  hydro- 
jChloric  acid  ;  the  solution  is  b-actionally  precipitated  with  sodium  carbon- 
ate, the  gallium  going  down  chiefly  Iu  the  first  (Kirtions  ;  and,  to  ooTOplet« 
th«  separation  of  the  liuc,  the  gallium  oxide  is  dissolved  in  snlphnrio 
acid  and  reprecipitated  by  excess  of  ammonia  ;  this  dissolves  all  the  line 
oxide,  and  the  greater  part  of  the  galliiini  oxide,  which  may  be  reprecipi- 
tated by  broiling  the  liquid  to  expel  the  free  ammonia. 

Metallic  gallium  in  ohtaine^l  by  electrolyxing  a  solution  of  the  oxide  in 
potasli  or  ammonia  with  platinum-eU'ctrod4«,  tho  gallium  being  deposited 
on  the  negative  plate  as  a  compact,  clottely  adhering  crust,  which  may  be 
dolotihed  by  bending  the  plate  backwards  and   forwards  under  cold  water. 

Gallium  is  a  hard  metal  somewhat  whiter  than  platinum,  and  acquires 

good  polish  by  pressure  ;  it  is  ttectile  and  somewhat  malleable  ;  its  spe- 
ific  gravitr  is  5.9,  which  is  internii'diate  betwtx'n  that  of  aluminium 
[2.ti)  and  that  of  Indium  (7.4).     Its  melting  point  is  30.IO  C.  (8S.20  F.). 

that  it  liquefies  when  pressed  between  the  flngrrs  ;  frequently  also  it 
'Ttmiains  liquid  for  a  lon;^  time  even  when  oooled  to  nearly  VO,  The  melted 
xnelal  adheres  to  plass.  forming  a  mirror  whiter  than  that  pnwiuced  by 
mercury.  When  heateil  to  bright  redness  in  contact  with  llie  air,  it  oxi- 
dises merelr  on  the  surface,  and  does  not  volatiliie. 

Gallium  'forms  a  vpry  bright  elertrio  spertrum,  exhibiting  a  brilliant 
line  and  a  fainter  band  in  the  Wnlet.  In  a  paB-llameonly  the  line  is  exhi- 
bited, and  evi-n  this  is  very  faint  and  fupltive.  It  was  by  these  spectro- 
■copic  characters  that  the  exiHtenee  of  ^'al!inm  was  first  rooognized. 

nalliiiiii  I'hloride  is  very  woluhle  and  di'liqiicseent.  Its  aqueous  HohUion 
is  clear  wlien  hijrhly  concentrnte'l,  but  beonmes  turbid  on  wtdition  of  water  ; 
the  preripitftte  (probably  an  oxyohlnri"le)  dissolves  but  very  slowly  in  by- 
droohlorie  acid.  A  slightly  acidulated  .solution  of  tho  chloride  evaporate<l 
at  a  gentle  heat,  depo«ita  needles  which  act  strongly  on  polarised  light. 
The  snJfihitte  is  not  deliqinwcent. 

Uallium  fnrmH  on  ammoninnUim,  which  crystallizeB  In  octohedrons  like 
laomniou  alum  ;   it  disswdv-i*  in  oold  wat'T,  but  the  solution  bcconiea  turbid 
ku  boiling,  and  is  deoompostKl  by  heating  with  actHio  aeid.     The  existence 

*  Oomptet  Renduf,  Ixxxl.iSOL 
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of  tliifl  alum  shows  that  the  oxide  of  g&lliam  is  represented  by  the  for 
uula  CSa^O,,  and  ila  (>hlarido  by  GaCl,. 

Solutinna  of  gallium  salts  gire  with  ammomum  sttl/thide  a  white  prf«cipi> 
tate  of  gallium  sulphide  iusutuble  in  exa-ss  of  thu  rea^fut.  The  samtr 
precipitate  is  formed  by  fit/tlntijru  nuJfifmir  in  prfrteuiv  of  acetio,  but  Dot  of 
hydrochloric  acid.  AnuHonia  and  carttonau  of  ammouia  give  white  precipi- 
tates soluble  in  excess,  ^slightly  acid  solutions  of  the  chloride  and  sul- 
phate are  not  preri]>itated  in  the  cold  by  atiunonittm  acr.tatr  ;  but  the  neutn 
solutions  are  clouded  thereby.  Gallium  oxide  is  easily  precipitated 
barimn  rarbimnt^. 

lu  a  mixed  liolution  of  gallium  and  aluminium,  tho  latter  is  procipitati 
before  the  gallium,  and  in  a  mixpd  unliiticiu  of  gallium  and  indium,  the 
gallium  ^rw^H  down  first  ;  in  point  of  basicity,  therefore,  gallium  iti  int«i 
mediate  between  aluminium  and  indium. 


t«d 

the 


The  atomic  wi^ight  of  gallium  has  not  Iwen  d*>termined  by  direct  expel 
ment  ;  bat  aa  this  metal  Ia  a  triad  intrrmf^iiatH  in  thime  of  itA  propt^rti 
(ba^iioily  and  density)  l)etwef*n  aluminium  and  indium,  and  in  ilfi  chemfc&l 
react'ons  exhibits  considerable  resemblance  to  zinc,  it  is  suppase«l  to  have 
an  atomic  weight  not  far  from  68,  as  assigned  to  it  in  MendelejelT*!  Claaal* 
fication  of  the  Elumunts  (p.  239). 
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CLASS  IV,— TETRAD  METALS. 


TIN. 

Atomic  welgbt,  IIB.    Symbol,  Sn  (Stannam). 

This  valuable  metal  occurs   in  tht!  state  of  oxide,  and  more  rarelj  an 

Ipliide  :  tho  prinojiial  tin  in)iii.>H  arc  thoHt*  of  Saxony  aud  Bohemia,  Ma- 

,  and  more  eAporiall;^  roniwalL     In  (^ornvrall  tho  tin-^tone  in  fnuod 

constituent  of  motal-beariog  reins,  associated,  with  copper  oro,  in 

it«  and  slate-rocks;  and  oa  an  alluvial  deposit,  mixed  with  rounded 

bbleB,  in  the  beds  of  several  small  rivers.     The  first  variety  is  called 

He-  and   the  second  sireom-lin.     Tin  oxidu  is   also  found   didaemiuated 

rough  the  rot-k  itself  in  ^utall  crystals. 

To  prepare  Ihf  ore  for  redui'ticm,  it  is  litaniped  to  powder,  washed,  to 
parnttt  aA  much  as  potuihte  of  the  earthy  mutter,  and  roa«ted.  to  expel 
Iphur  and  arsenic  :  it  is  then  strongly  heated  with  coal,  aud  the  metal 
is  oblaiued  is  cast  into  large  blocks.  Two  varieties  of  coiuniercial  tin 
!  known,  called  ffraim-  and  bar-tin;  the  first  ia  the  best;  it  is  prepared 
m  the  stream  ore. 
ure  tin  has  a  while  color,  approaching  that  of  silver;  it  is  soft  and 
lloablo,  and  when  bent  or  twiatiHl  emits  n  (teculiar  crackling  sound  ;  it 
liaa  a  dt-nsity  of  7.3,  and  melts  at  'J37'^  C  (4.'")ti.60  p.).  Tin  is  but  little 
a*rtt*d  upon  by  air  and  water,  even  conjointly;  when  heated  alwvo  its 
melting-point,  it  oxidizes  rapidly,  be<xtming  converte^l  into  a  whitUh  pow- 
der. Ufied  in  tlie  arts  (or  polishing,  under  the  name  of  putti/  potettrr.  The 
iBi^tal  IS  attacked  and  dissolved  by  hydrochloric  acid,  with  evolution  of 
drogen  ;  nitric  acid  acta  with  great  energy,  converting  it  into  a  white 
d rate  of  the  dioxide. 

Tin  is  a  tetrad  metal,  and  forms  two  well-defined  ctoasps  of  oompoanda, 
namrly,  the  stannous  compounds,  in  which  it  is  bivalent,  as  SnCI,, 
Snl^  SnO,  etc.,  and  the  stannic  cnmpoundH,  in  wliirh  it  is  qna«iri- 
valent,  an  dnCl,,  SnO,,  etc. ;  also  a  few  compounds  called  stannoso-stan- 
uic  compoundii,  of  intermediate  pompositlon,  e.^.,  Sn,L'l^,  Sn,0„  ete. 

Chlorides. — The  dicA/oriVe,  or  ^fopfnowa  Chlorieie,  SnCl,,  is 
obtained  in  the  anhydroua  state  by  distilling  a  mixture  of  calomel  nnd 
powdered  tin,  prepared  by  agitating  the  melted  motal  in  a  woo<len  l)ox 
until  it  solidified.  It  is  a  gray,  resinnns-Iooking  substance,  fusible  beluw 
rednc:ig,  and  volatile  at  a  hijih  tonipprature. 

The  hylratrd  cfdnride,  comiuonly  called  fin  Kilt^  is  easily  prepared  by 
dissolving  metallic  tin  in  hot  hydrochloric  acid.  It  oryBtalUxea  in  needhrs 
containing  SnCl,.2H,0,  which  are  freely  soluble  in  a  snuLlI  quantity  of 
water,  but  are  apt  to  be  decomposed  in  part  when  put  into  a  large  maas, 
unless  hydrochlorio  acid  in  excess  be  present.  Solution  of  stannoas  ohlo- 
ide  is  employed  aa  a  deoxidizing  agent;    It  reduces  the  saltn  nf  niprmiry 

td  other  melals  of  the  same  class.      It  in  alto  extensively  emjiloyed   as  a 

irdanl  in  dyeing  and  caMco-printing  :  sometimes  also  as  an  sntiihlnre. 

rilttnnf»us  ohloridf  unil.'S  with  thi'  chlorides  of  the  aikali-meials.  forniing 
pyatalUzable  double  salts,  Sn01,,2K(n,  etc.,  called  6tamo¥Kithride$i3i^  CVt/vfv- 
ttannil9»> 
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Tlie  irtraehloridt ,  or    Stannic   chloride,   SnCl,,    formerly    _ 
/ttminy  iifjHor  of  LUkicioM,  ia  made  hr  expo5tn|^  mvUllic  tin  to  lli«  actia 
cliluriiiM,  or,  morecuiireiii«Dt]j,  bjdistiiUngaiDLxtureof  1  partof  powd* 
tin  with  5  psrt4  of  cnrroftire  saMimmta.     It  is  a  thin,  oulorleu,  ntobile 
lii|aid,  boiling  at  12iP.  and  yielding  a  colorleaa  inriAtble  vapor.     It  fui 
to  tliB  air,  and  when  mixed  with  a  third  part  of  water,  aoIiiliAes  to  a 
fu«ibl«  nuuji,  c&Ili^i  buna-  of  tin.     Th«  Bulution  of  stannic  chloride  ia  ma< 
mnploytMl  by  the  dyer  for  th«  brightening  and  fixing  of  red  oolorv,  and 
•ometimifs  do^ignat^d  hy  the  old  names,  **  oompotition,  phrsic.  or  tin  soli 
lion  ;"  it  is  uommonly  prepared  by  disaolring  metallic  tin  in  a  mixture 
hydrochloric  aud  uilric  acids,  care  being  taken  lo  avoid  too  great  <']erati< 
of  t4!inp<?rAturt*.      The   •tululion  when  uTaporat«d  yieJds  a  dcliqu««( 
cryBUlline  hydrate  bnCVSHjO. 

Stannic  chloride  Tornu,  with  th^  chlorides  of  the  alkali-metala  and 
line  earth-metaU,  cryHtalliiic  double  s&ltn,  called  S/nnnoc/iloriJes  or  CA/oro- 
ftamtattM,  t.  y.,  SnClt.^^UfC'l ;  SnCl^.BaCl,,  etc.  It  also  fortos  crrstalUne 
com pon  lids  with  tlm  j)enlA«hloride  and  oxychtoride  of  phosphorus,  viz., 
8nC],.PCl(.  aud  SiiCl^.PUCI,,  aud  a  solid  oompound  with  pboaphintf,  oon- 
taiiiing  ;i.SitCl4.'Jl'U,, 

The  trir.hioride,  or  Stan<mhttamiic  ehhridef  known  only  in  solQtinn,  is  pro- 
duced by  dissolving  the  sesquiozide  in  hydrochloric  acid.     The  solati 
tots  like  a  mixture  of  the  dicbloride  and  tetrachloride. 
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Flaorid&S- — Stannous  ftuoride.  8nP,,  obtained  by  eraponi«,tng  the  soli 
tiou  iif  ulaunoiid  oxide  in  hydrofluoric  acid,  crystallises  in  small  shinini 
opaque  prixuis.  Stannic  jiuoride,  HnF„  is  nut  known  in  the  free  state,  but 
nnites  with  otb^r  metallic  fluorides,  forming  crystalline  oumpoau<U,  called 
jftMiW||fiioru/ej  or  Jiuostannaies,  isomorphous  with  the  oorr«spouding  silioo- 
fluorideSf  titanoflnoridtw,  and  lircrpfluorides.  The  potassium  salt  oontaina 
8nP,.2ICF.HjO,  the  barium  salt,  SnP^.BaF,,  ete.  ^^ 

Oxides. — ^Tlie  monoxide  or  Slannou$  oxide,  SnO,  is  produced  b^^| 
healing  slannoua  oxalate  ont  of  contact  with  the  air ;  also  by  igniting 
stannous  hydrate.  Thio  hifdrate,  2SuO.H,0,  or  6ii,H,0g,  is  obtJiined  aa  a 
while  preiMpitat^*  hy  decoinjHiAing  stAnnniifl  chloride  with  an  alkaline  car- 
bonate, carbon  dioxide  gsit  t^'ing  at  the  same  lime  evolved.  This  hydrate, 
carefully  washed,  dried,  aud  heated  in  an  atmosphere  of  carlxin  dioxide, 
leaves  anhydrous  titaunnu.<4  oxide  aa  a  dense  black  powder,  which  is  ]N*r. 
manent  in  the  air,  but  when  touched  with  a  red-hot  bo<ly,  takes  fire  and 
burns  like  tinder,  producing  the  dioxide.  The  hydrate  is  frrely  solnbht  in 
caustic  potash  ;  the  solution  decomposes  by  keeping  into  metallic  tin  aud 
dioxide.  It  dissoWes  also  in  sulphuric  acid,  forming  Mtannmu  tutfthate^ 
8nS0|,  which  orystalliies  in  ne«!dl(«. 

The  SetquioxiWy  iJn,Oj|,  is  prodacod  by  the  action  of  hydrated  ferrio  oxide 
npoD  stannous  chloride  :  it  is  a  grayish,  nlimy  gubstance,  soluble  in  hydro- 
ehlorlc  acid  and  in  ammonia.     This  oxide  has  been  but  little  examiuiHl. 

The  dioxide,  or   Stannic  oxtcfs,  SnO„  occurs  native  as  tin-stone  or 

flUKiterite,  the  uomroon  ore  of  tin,  and  is  easily  formed  by  heating  tin, 

stannous  oxide,  or  stannous  hydrate  in  cuutact  with  the  air.     As  thus 

prepared  it  is  a  while  or  yellnwish  amorphous  powder;  but  bypassing  th«' 

of  stannic  chlori-le  mixefl  with  aqueous  vupor  through  a  red-hot 

Uln  tube,  it  mny  be  oblaiue^i  in  crystals.    It  U  not  attacked  by  acids, 

in  the  ooneentrated  state. 

Stauuio  uxidu  forms  two  hydrates,  diO'eriug  from  oue  another  in  composi- 
lion  aud  properties;  liuth,  however,  being  acids,  and  capable  of  forming 
salts  by  exchanging  their  hydrogen  for  metals.  These  hydrates  or  acids  are 
Atanuii:  acid,  Sn0,ll,O,  or  H^uO,,  and  metastannlc  a  c  i  d  ,  Sn,0,a, ' 
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5H,0,  or  H^njO,i,  the  fonmor  being  capable  of  exchanging  the  whnio  of 
iU  hydrogcm  for  metal,  and  forming  the  fitannuieit,  Mntaining  M^dO|  ; 
while  the  latt«r  exchanges  onljr  uuo-fiflh  of  Ub  hydrogen,  furuimg  Ihw 
iDMtatttannales,  Hi^M^n^O,^. 

Htunnic  acid  in  precipitateil  by  acids  from  solutions  of  alkatinn  etannates, 
alflo  fruia  aolutiun  of  stannic  cliliiride,  hy  caleiuiu  ur  barium  oarbtniate  not 
in  exueas  ;  alkaline  carbonates*  thmw  down  an  ucid  atannate.  When  dried 
in  the  air  at  ordinary  tewperatured  it  hai*.  ttcoording  to  Weber,  the  cmi- 
ptiriitton  BnO,.lill,0 ;  in  a  vacuum  half  the  water  is  given  oil,  leaving 
SnO^.H,0. 

Stannic  hydrate  disiiolves  in  the  stronger  acids,  funning  the  stannio 
salts  ;  thutf  with  sulphuric  acid  H  forma  suinnk  guiphatCt  SuCSO^),  or  SnO. 
'ISO^.  Ilytlritchioric  Qfid  cvuVK'trlai  it  into  the  tetraolilurlde.  The  stannio 
saltjs  of  oxygen-a^idtt  are  very  uiistabltt. 

■Stannaletf. — Stannic  hydrate  exhibits  aci<l  much  more  decidedly  than 
hoHic  propertit*!(.  It  furms  easily  soluble  tmllA  n-lLh  the  alkalies,  and  from 
these  the  iuiiuluble  stannates  of  the  tarth-motahi  and  heavy  metals  may 
be  obtained  by  precipitation.  6W/uia  stannate,  No^iiO^,  which  is  muuii 
uie^t  in  valitfo-printing  as  a  **  preparing  Halt"  nr  mordant,  is  prmiuced  on 
the  large  scale  by  fusing  tlnstoue  with  hydrate,  nitrate,  chloride,  or  sul- 
phide of  Mxliaui;  by  tioiling  the  tin  ore  with  caustic  soda-solution  ;  by 
fuHtng  iiu^luUie  tin  with  a  luixtMni  of  sodium  nitrate  and  Larlxmate  ;  or 
heating  it  with  soda-solutiun  mixed  with  sodium  nitrate  and  chloride. * 

Mttastaniiic  arid  is  produced  by  the  action  of  nitric  acid  upon  tin.  When 
dried  in  the  air  at  ordinary  temperalart^  it  contains  ri^nOf.iUlI^O  or 
UioShjOij.SH^O,  but  at  ItMJO  it  gives  off  ft  molecules  of  water,  ami  is  re- 
duced to  Il,gijnjt>,^.  It  is  a  whit4t  crystalline  {H)wder  insoluble  in  water  and 
in  aoids.  It  diti«>lves  slowly  in  alkalies,  forming  metastannates,  but  it  is 
gradually  depOHJtetl  iu  its  original  state  as  the  solution  alisorlw  carbonic 

acid  from  the  air.     The  p^nassium  «i//,  K,Hji3ujO^  or  .ii',,  {  (^nOj)^,  may 

be  precipitated  in  the  solid  state  by  adding  pice***  )if  solid  poliish  toa  solu- 
tion of  metastannic  acid  in  cold  potash.  It  Is  gummy,  uncrystallizable, 
and  strongly  alkaline.  The  mxlium  mlt,  Na^H^n<->,j,  prepared  iu  like  man- 
ner,  is  rrystallo-granular,  and  dissolves  slowly,  but  completely,  in  water. 
The  metastanuate^  exist  only  in  the  hydratt»l  state,  being  decomposed 
when  deprivetl  of  their  basic  water. 

Tin  Solphldea. — The  numoguiphidcf  SnS,  is  prepared  by  fnsing  tin  with 
excess  of  sulphur,  and  strongly  heating  the  product.  It  is  a  lea4i-gray, 
brittle  subalauce,  fusible  at  a  rod  heat,  and  Holnble,  with  evolution  of  sul- 
phuretted hydnigen,  in  hot  hydrochloric  acid.  A  Jcw/iiiW/VuV/e  may  be 
formed  by  geQlly  heating  the  above  c«)mponnd  with  a  tbird  of  iu  weight 
of  riiilphur:  It  is  yellowinh-pray,  and  easily  decomposed  by  heat.  The 
in'jiaffxkidr,  Snri^  or  J/o*n'r  gofd^  is  prt'pnr*xi  by  expotiiug  to  a  low  rwl  heat, 
in  a  glass  Ilaak,  a  mixture  of  12  parts  of  tin,  6  of  mercury,  fi  of  sal-animo- 
uu-u!,  and  7  of  flowers  of  sulphur.  Sal-ammoniaL%  cinnabar,  and  stannous 
chloride  sublime,  while  tho  binnlphidn  rnmalna  at  the  liottom  of  (he  vessel 
iu  the  form  of  brilliant  gold-colored  scales  :  it  Is  ustxl  as  a  snltstitute  for 
gold  powdor.  The  same  (.-ompniind  is  obtained  as  an  amorphoua  light- 
yellow  powder  by  passing  hydrogen  aulphide  into  a  solution  of  stannio 
chloride. 

*  Riohardtoa  and  Watti'i  Uhemioal  Techaology,  vol.  t  part  It.  p.  86^  and  part 
T.  p.  iU. 
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AmmoniuMjttiij*hide  . 


Slaiinoaa  salts  give  with  : — 

Kxh/  caustic  alkalies:  white  hydrate,  soluble  In  6X0080. 
Ammmtiit :  cufttonatc^  of  "j 
potas*iufUtiiodiumtt.uii  \  whita  hydrate,  nearly  insoluble  In  exooM 

black-brown    pntcipitato    of    moDusulpbid 
uiiluble  LD  aiuiuonium  Kuli>hirl<j  i^uuUiiiiin 
«XL'4ni8  of   sulphur,  nud  rt^prtMipttut«d   by 
acids  an  yelluw  bi^iulphido. 

Stanaio  aalta  givowilli:— 

F^j-edeaiMliealkalitM:  white  hydrate,  soluble  in  cxocbs. 
Ammonia:  whit*  hydrates  blighlly  bi.lubtu  m  cxt^-ss. 
AU-nline  cnrhonntes:  while  hydrate,  slightly  aolublu  iu  eXCesS. 
Ammoniim  curfwnatv :  whito  hyilrale,  iusolublu. 
JJiftironrn  Buiphiiit :  y.dlow  prei'ipilaUj  of  bisulphide. 
AoMonixm  ntlphidt:  the  aauit),  Holuble  in  exuew. 

Vlchlnride  of  pold,  mldwl  to  a  dilute  solution  of  Btannous  chloride,' 
gives  rise  to  a  brownish-purple  precipllalu,  cJillci  puqpU  of  Ciusitu  (paga 
328). 

The  nau.ul  aprlioationa  of  tin  are  very  numeroufl.     Tiunnf  jthte  consis 
of  iron  supiirficially  alloyed  with  thia  mftjil  ;  />euri«r,  of  the  best  kind, 
ohiefty  tiu,  hardened  by  the  a.liuixturo  of  a  little  antimony,  etc.     Cook- 
ing-veoaeU  of  copper  aru  usually  llunod  in  the  interior.     The  uae  of 
■oLutious  In  dyeing  and.  calico-printing  haa  been  already  mentioned. 


TITANIUM. 
Atomic  welghi.  60.    Symbol,  Ti. 

'nt^^  one  of  tliA  rarer  mdnli^,  and  is  nf^ver  found  in  the  metalHe  stal 
The  mnijt  tiuporlnnl  titanium  mineraU  are  rntiU,  OnHtlite,  and  anatasr,  whlol 
are  different  foruw  of  titanic  oxide,  and  the  several  varieties  of  titaniferoua 
iron,  consisting  of  ferrouu  titanate.  ^omctinics  alone,  but  more  generally 
mixed  with  ferric  or  ferroso-ferrio  uxide.     Oeca«ionnlly,  in  the  plag  adher- 
ing to  the  bnttoiD  of  bliut-furnac-ea  in  which   irnn  ore  i»  reduoiKl,  amall 
brilliant  oi>pper-(Milured  eube«.  hard  enough  to  scratch  plaaa,  and  in  the 
highest  de;;ree  infusjhle.  (ire   found.     This  Bubstance,  of  which  a  Btngle 
•melting  fumAcu  in  thu  ll/irtz  produrcd  n.s  much  as  80  pounds,  was  formerly 
belicnetl  to  be  luflallii:  lilaniuin.     M'iihier,  however,  has  shown  it  to  !« 
a  oombination  of  litftniuin  cyanide  with  titanium  nitride.     When  theHO 
oryatalH  are  pinyder^-d,  niixod  with  pnta<isinm  hydrate,  and  fused,  ammonia 
U  evolved, and  ptitassium  titanate  isfonntvl.    Metnllie  titanium  inafinely- 
dirided  stale  may  be  obtaine<l  by  boating  titanium  and  potassium  flunrido.^— 
with  potassium.     This  element  is  remarkable  for  its  affinity  for  nitrogen^^f 
when  heat^Mi  in  the  air,  it  simultaneou.ily  almorlw  oxygen  and  nitrogen.     ^H 
Titanium  is  tetradic,  liki*  tin.  and  forms  two  elAiweH  of  onmptiuud?  :  the       ' 
tftanio  oomptmnds.  in  which  it  i»  quadrivalent,  e.  if..  TiCI,,  TiO,,  and 
the   titanous  oompouiuls,  in  which  it  is  appaivntly  triralent,  but 

TiCl, 
also  quadrivalent,  e.y.j  Ti,Cl,,  or  I 
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Chlorides. — Tilan&u*  chloride^  Ti,Cl^  fa  prodaced  bjr  passing  Ibe  Tjtpor 
of  titanic  ohlorMe  mixttd  with  hydrogwn  througli  a  rwl-lmt  tube;  it  lonns 
dark  violet  itcalt*  hiiving  n  strong  luMre.  Ttium*-  chlomit,  TIt'lj,  is  prr- 
pared  hy  panising  ohlnrine  over  an  iguited  tuixtun*  uf  Utoniu  oxldo  and 
charcoal.  It  in  a  culortu«s,  voLatil«,  fuming  liquid,  having  a  specifio 
gravity  of  1.7U09  at  0-^  C.  (32^  K.),  vapor-dt'iinity  «  tf.ti&S,  and  Uiiling  at 
1350  C.  (^76^  K.).  It  uuit««  very  violuutljr  with  water,  aud  fumut  dvfiuito 
oompoands  with  ammonia,  ammonium  chlnridn,  hjr-drogeu  cyanide,  cy 
gen  chloride,  phuapiuue,  and  sulphur  tetrachluride. 

Fluorides. —  TifnnnuM  Jiuoruif,  Tl^,,  Is  obtained  as  a  violet  powder 
igniting  poioiitiio-titauiu  lluorirle  iu  hvdrugfu  gas,  aud  treating  tlie  result- 
jug  mass  will)  hot  water.  Titanic Jiwrifif,  Ti)r\,  ;>afirtea ovt-r  aftafuniiug color- 
'le»8  liquid^  wlitsn  titauiu  oxide  i»  {li»lille<l  with  Uuorspar  and  fuming  sul- 
phuric acid  iu  a  platiuum  apparatuji.  It  unitL<«  with  hjdrutluuric  ntid 
and  metallic  fluorideti,  forming  double  salts  called  titauofluoridea,  or 
f  1  uot  ilauales  ,  iMomorphous  with  the  biliuufluorides,  zircuHuurid 
«.  y.,  TiK^.liKK  ;  Tiii'.XaK,. 

Oaddcs,— Tlie  tesquiorifle,  or  Titanoua  oridc,  Ti,Oj,  Is  obtained  by  igntdng 
the  dioxide  in  hydrogen,  ax  a  black  jKiwder,  wliit:li,  when  hi>ated  in  the 
air  to  a  very  high  temperature,  oxidixes  to  titanic  oxide. 

The  c/ivxi(/e,  or  TiUtnic  uxide,  occurs  native  in  three  dillerent  forms,  vix., 
as  rutUe  and  anata^te,  wliioh  are  dimetric,  and  brookitc,  which  is  trimctric ; 
of  these,  anatase  is  the  purest^  and  rutUe  the  most  abundant.  To  obtain 
pure  titanic  oxide,  rulile  or  tilauiferous  iron  ore,  reduced  to  Anc  powder, 
is  fasvA  with  twice  its  weiglit  of  potassium  carbonat4',  aud  the  fust^l  mass 
is  dissolved  in  dilute  hydrotluorio  acid,  whereupon  titano-fluortde  of  p<i- 
tassium  soon  l>«-'giiifl  to  .S4'parat4*.  From  the  hot  a4iu*H>ui4  solutinn  of  this 
salt,  ammimia  tbmwH  duwu  snow-white  amnxmium  titanate.  which  is 
easily  soluble  in  hydroehlorio  acid,  and  wb)>ti  ignited  gives  ruddiah-browu 
lumpB  of  titanic  oxide.  This  oxide  in  in.^olul>lr  in  water,  and  in  all  acids 
except  Htrong  sniphurio  acid.  By  fusing  it  with  six  times  its  weight  nf 
Kcid  potassium  sulphate,  a  clear  yellow  moss  is  obtaiaed,  whioli  diwolvui 
perfectly  in  warm  water. 

Titanic  oxide  appears  to  form  two  hydrates  or  acids,  analogous  to  stftn- 
nio  and  metastannic  acids.  One  of  tlu^e,  called  titanic  acid,  is  yrr>» 
oipitated  by  ammonia  from  a  solution  nf  titanic  chloride,  as  a  white 
powder,  whir.h  dissolves  easily  in  sulphuric,  nitric,  and  hydroclilurio 
adds,  even  when  these  acids  are  rathi-r  dilnte  ;  hut  Iheflo  dilute  solu- 
tions, when  boiled,  deposit  metatttanlo  hydrate  as  a  soft,  white 
powder,  which,  like  the  anhytlrous  oxide,  is  insoluble  in  all  acids  except 
strong  sulphuric  acid. 

Tlie  titanates  have  not  bpen  much  studied;  moat  of  them  may  be 
represented  by  !he  formulas  M.TiO,  ss  2MjO.TiOj^and  M,TiO,  =  M;0.*TiO, 
(the  symbol  M  denoting  a  univalent  metal).  The  titanates  of  calcinm 
and  iron  occur  as  natnral  minerals.  Tlie  titanates  of  the  alkali-metals 
are  formerl  by  fusing  titanic  oxide  with  alkaline  hydrates,  car1>onaten,  or 
acid  8uliihKte8 — some  of  them  also  In  the  wet  way.  When  finely  pulver- 
ired  and  levijrateH,  tlicy  dlMsolve  in  moderstely  warm,  ooneentrnted  hy- 
drochloric acid  :  but  the  greater  part  of  the  dissolved  titanic  acid  is  pre- 
cipitated on  bt^iling  the  ftnlutinn  with  dilute  acids.  T)ie  neutral  titanates 
of  the  alkali-metalH,  M^TIO^,  are  insoluble  in  water,  but  soluble  in  acids. 
The  titanati's  of  the  earth-mrtnlH  and  heavy  metals  are  insoluble,  and 
may  be  obtained  by  precipitation. 

In  a  solution  of" titanic  acid  in  hydroohlorlo  acid,  containing  as  little 
free  acid  as  possible,  tincture  0/  tjuiU  produces  an  orange-colored  precipl 
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fuMsd  with  6orar,  or,  better,  vith  mmenammie  aaU^  in  the  inner  Movpif* 
flaoM,  fiomif  A  gUM  whix^h  »  jrellow  wkile  boi,  bui  beooma  Ttolel  m 
oooliac.  Th«  dvlivwr  of  tb«  r««clion  i*  mudi  isoreSMd  fetf  BwltiOB  * 
UtUe  met&Uic  tittc  in  ibc  bdkd. 


LEAD. 

Aloale  treigbf,  WT.    Symbol,  Pb  (Plumbum). 

Thm  AbuDdajit  aod  luw'ful  metal  »  altogether  obtained  frcm  the  natiT* 
Btilphide,  or  yaUna,  nu  utluir  Ivad-ore  bfing  fbond  in  larjee  quantltr  ~" 

rtnluction  i«  effwled  iu  a  rererbvraUirj  fuTusoe,  into  which  (be  cms 
lcad-or«  is  introdac«d  and  n>aated  for  ftome  tim«  at  a  duU  red  h«at. 
which  much  of  tht*  sulphide  Uh.'OUh«  changed  b/  oxidation  to  sulph 
Th«  uont<fiits  of  th«  furuacr  are  then  tliorfiughly  mixed,  aud  the  Xvm^ttr 
tur«  nUstvi,  when  thrt  Hulphale  and  sulphide  react  opon  each  other,  pro- 
duetng  salphuroufe  t/xide  and  luutollic  Ivad  : — 

PbSO*  +  Pb8  ■■  Pb,  +  2fiO,. 

l«Ad  Ib  a  sofl  hlaiflh  metal.  poueMing  rerj  little  clafltlcitj;  ita  epedflo 
Krarity  u  11.45.     It  ui&>  W  easily  rolled  out  iuto  platea,  or  drawn  out 
inti)  ooanc   wire«,   but   has    rerv    little   lenacitjr.     It   melts  at   3151.^0 
(.V.>9.4'~J  v.),  or  A  Uttle  attove,  and  boils  and  volatilizes  at  a  white  hei 
\\y  itluw  cfNiliiig,  it  majr  l»e  obtained  in  oclohedral  crystals.     In  moint 
tlib  ntdul  Imx'odk^  coated  with  a  film  of  gray  matter,  thought  to  be  sub- 
oxide, and  when  cxjKmed  to  the  atnuephere  ia  the  melted  state  it  rapii 
alntrtrlm  oxrgen.     IHlute  acids,  with  the  exception  of  nithc  acid,  ad 
slowljr  u])on  lead. 

I>'&d    is   a   tf'lrad,   as   shown   by  the  constitution  of  plumbic  ethic 
Pb((*,lt^)j ;  but  in  its   inur^fauic   rxtmhinations  it  appears  dyadic,  fomii 
but  tme  ehloride.   PliTl,,   with   wrreHponding  bromide  and  iodide.     Tbl 
nxldi"  oirrpfiiMmdiiig  with   th*«c  \»    I'll*.),  and  there  ore  also  higher  oxide* 
In  which  thu  metal  may  l>e  regarded  either  as  a  dyad  or  as  a  tetrad :  thtxa 

the  dioxide  PbO,  may  bo  formulated  either  as  0~rbi:0,  or  as  P*t<Cl  ^^ 

Lead  Chloride.  PhCl,.  is  prepared  by  prcclpltBling  a  solution  of  Io«^^ 
nitrnle  nr  jMi-talc  with  hylrot^hloric  add  or  common  salt.     It  separatee  aa 
a  henry  while  eryslalliiir  precipitate,  which  dissolves  in  al*iut  33  parta 
of  Ix'iUng  water,  and  Beparates  again,  on  cooling,  in  needle-shaped  crye- 
lain. 

Tliere  aro  fl«v/»rnl  oxveblondM  of  lead,  one  of  which,  PbjCl.O,,  or 
PMn,.2n»0,  (rt-riirw  erysiftllixed  in  rijiht  rhombic  prisma  on  the  Mendip 
nills,  thnnrt^  cftllwl  mnutifn'tr.  Another,  constituting  Patlinson's  white 
oXy«thl.>rid«..  Pb,ri,Oor  P!)<:n,.Pl>0.  In  prepared  for  us«  as  a  pigment  by 
grinding  Rnlena  with  strnnK  hydriK-hloric  aeid,  disttolving  the  intuiting 
chlnrldn  In  hot  water,  nnd  precipitating  with  lime-water.  A  third  oxy- 
chlorlde.  PU'l,.7PbO,  trftll.Hl  ^ntrnt  MrUtttp  (ir  Turner' $  y^flote,  is  prepared  by 
Ix^ntiiiK  1  part  of  snl-nmmoniao  with  10  parts  of  lithiirge. 


tira 

I 

>ro- 

m 

out 
ub- 

I 


Lead  Iodide,  I'hl,,  Is  precipitated,  on  mlxintr  lead  niUat/* 
wltli  |MiaHsium  itnildi),  lu  a  bright  yellow  j>owde- 


^^ 


LEAD. 


886 


W 


lioning  watnr,  and  ri^fiUllUefl  tht^rofrom  in  bc&Qtirol  yi'tlow  iridoscent 

Oxide*. — Tli^  monoride,  PbO,  onll«Hl  litharyr  or  masxirof,  ifi  the  prodnct 
of  tho  ilin'c-l  uxidatiun  uf  the  ruelal.  it  U  must  Cdnvcmii'iitl^v'  propartnt  b^^ 
hvHtiog  ihtf  garbuujkltf  to  dull  redut<»s  ;  cummuu  iUltarye  is  inipurv  mouoxidti 
which  luu  undergone  fuiiinn.  J^?ad  nxidu  lias  &  di*licate  fttraw-yvllow 
oolfM*,  ifl  rery  hoavy,  and  glightly  aoliiblo  m  watt*r,  giving  an  alkaline 
litjuid.  It  a  Bolubtf  Id  potash,  ami  crA'8tnlIist!ifl  from  tliv  solution  in  rhom* 
bic  prisms.  At  a  red  ht*at  it  ut'ltii,  and  tonde  to  cryitlallixe  on  cooling. 
lu  tho  mult«d  state  it  attacks  and  disHolvua  Biliduua  matter  wilL  otitonitdi- 
Lug  fouilit/,  oftiMi  penetrating  an  earthen  crucible  in  a  few  miiiuttif.  It  ia 
lily  riiluced  wbun  heated  with  urgauiu  8ulietaii(x«  of  au,v  kind  oontaiu- 
oarlxtn  or  hydro^'f n.  It  fitrtna  a  UrgH  elates  of  nalUi,  often  called  pfumbic 
Its,  which  are  colurlesti  if  the  ai-Id  itself  is  not  oolured. 
TriplHiiJiiv  ttttroriiir,  or  lini  Uati,  is  nut  of  very  ouudlaiit  cani[>ositiou,  but 
Mierully  contatnit  I'lijO,  or  jii'ltO.l'M),.  It  la  propareil  by  eicp^ibiug  the 
oiioxide.  which  has  not  tKfeu  futied,  for  m  long  time  to  the  air,  at  a  vury 
liut  red  heat ;  it  ih  a  brilliant  red  and  extremely  heavy  puwd^tr,  deoum- 
with  evolution  of  oxygen,  by  a  Klrong  heat,  and  oonverted  by  acids 
mixture  of  muuuxidu  and  dioxide.  It  is  used  as  a  cheap  subsUtuto 
Termiliou. 

The  dioxUit,  PbO,,  often  callLMl  puce  or  brtMrn  Itad-oxidc,  Is  obtainrfl  with- 
kt  difficulty  by  digi«ting  rwl  lead  in  dilute  nitric  acid,  whereby  lead 
lltrate  h^  diKHolve<i  imt,  and  ia-^oluble  dioxide  left  l>ehind  in  the  form  of  a 
,*p-brown  powder.  Thu  dioxi<Lo  is  deoomjxwed  by  a  rt^l  heat,  yielding 
oue-half  of  il^  oxygen,  llydrochluric  acid  converts  it  into  lead  ohlo- 
le,  with  disengagemeut  of  chlorine  ;  hot  oil  of  vitriol  formtt  with  il  lead 
tphate.  and  liLierates  oxygen.  The  dioxide  is  very  useful  in  separating 
dphurous  acid  fmm  rertaiu  gase4>Uii  mixtures,  lead  sulphate  being  then 
datwd  :  PtiO-  -I-  SO,  =  I'bSO,. 
Diptumtiic  oxi*u,  or  I^-ad  suboxitif,  Pl>|0,  is  formtnl  wlien  the  iiuHioxlde  la 
Lted  to  dull  r^'fliicMS  in  a  retort :  a  gray  pulverulent  suliHtance  is  then 
I,  which  is  rebolvud  by  acids  into  monoxide  and  metal.  It  nlf^ortra  uxy- 
m  with  great  rapidity  when  heated,  and  even  when  simply  moistened 
Ith  water  and  ex|M«od  to  the  air. 

Lead  Nitrate,  Pb(NOa),.  or  PbO.N,Oj,  may  hfl  obtain<vl  by  dissolving 

1  i-iirlNiii.-Lte  in  nitric  acid,  or  by  aetitig  directly  np^n  the  metal   by  thu 

«e  ftgdut  with  tli«  aid  of  heat:    it  in,  as  already  notictsl,  a  by-product 

the  preparation  of  the  dioxide.     It  crystallixus  in  anhydrous  octohe- 

na,  which  are  u^tiially  milk-white  and  opaque.     ItdiHsnlvi«  in  7^  parts 

ctdtl  water,  and  ia  deoimposed  by  heat,  yielding  nitrogen  tetroxldo, 

ygen,  and  lend  nmnoxide,  whieh  olistinatply  retains  traces  of  nitmgen. 

en  a  solution  of  this  salt  ia  \fo\}e<{  with  an  additional  quantity  of  lead 

le,  a  portion  of  the  latter   ij*  dissolve*!,  and  a  basic  nitrate  generiii4'<!, 

hieh  may  bt>  nbtuineil  in  (^ryHtaU.     Carbonio  aeid  separates    this  exciMS 

uf  oxide  in  the  form  of  a  whtto  c«m|K>tLUd  of  oarbonato  and  hydrate  of 

lead. 

Neutral  and  )»Aaic  compounds  of  Inad  oxido  with  the  trioside  and  t^trox- 
ide  of  nitrocen,  have  h*'vn  diweriUsl.     Tliese  last  are  probably  foniied  by 
e  combinutiuii  of  a  nitrite  with  a  nitrate. 


Lead  Carbonate;   Wn'te  Lrwi;  PbCO,  or  PbO.C<\.— Tliis  salt  is  sorae- 
tiniei  tnuml   tjeantifuity  cry?talli/.e<l  in   Inng  white  newiles,  a'-iY>iupanying 

Ither  metallic  ores.  It  may  be  prepanni  artificially  by  prt^-ipitating  in  the 
aid  a  solution  of  the  nitrate  or  acetate  with  an  alkaline  carUmate  :  when 
u  lead  solution  is  boiling,  the  precipitate  ia  a  basic  aalt  oontainine 
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2PbC03.rbH^,.  It  is  aliw  mail ulkc tared  to  an  immense  pxteat  by  oth4 
niranA  Tor  tlie  use  of  the  paintiT.  T'ure  \c-sA  carUuiate  U  a  sufl  vrhlt 
imwdt^-r,  of  groat  Bpccillo  t^Taviiy,  insoluble  iu  wator,  but  esaily  diasolvi 
hy  dilutv  nitric  or  acetic  aeiil.  Of  the  niauj^  nit-*th<>ds  put  iu  priictice, 
propiiHod,  for  making  white  lead,  the  two  following  are  the  m<wt  imjiort 
and  tnlcrt>atiDg.  One  of  th««t>  connista  in  forming  a  l>a8ic  nitrate  or  acetal 
of  l>*ad  by  hulling  finely  ]M>u-clered  lithargu  with  the  neutral  salt.  This 
solution  ia  thon  brought  into  contact  with  cart)onic  acid  gaA,  whi-rt^hy  aU 
the  excess  of  oxide  previotiitly  takeu  op  by  the  neutral  salt  i:^  at  unce  pi 
cipitated  as  white  l*^ad.  The  ftolution  strainefl  or  pretistMi  from  the  Intter 
again  boiled  with  litharge,  and  treatecl  with  carbonic  ai-ld  :  these  proccvf^ 
are  susceptible  of  indefinite  repetition,  whereby  the  little  loss  of  neuti 
salt  loft  in  the  precipitates  \a  oompen^ated.  The  second,  and  by  far  t1 
more  anck'ut  methtxl,  is  rather  luuro  complex,  and  at  Oret  sight  not  Ti*ry 
intelligible.  A  great  namlM-r  of  earthen  jars  are  prepared,  into  each  of 
which  is  poured  a  few  ounces  of  crude  Ttnegar  ;  a  roll  of  sheet  lead 
then  intro<lueed  in  such  a  manner  that  it  shall  neither  touch  the  vinegl 
nor  project  utMiro  the  top  of  the  jar.  The  vessels  are  tn'Xt  arrringpd  tn 
large  building,  side  by  Hide,  upon  a  layer  of  stable  manure,  or,  still  bettei 
spent  tan,  ami  eli*«rly  oiivered  with  Iwards.  A  second  layer  of  tau 
spreoii  ajHtu  the  top  of  the  latter,  aiid  then  a  second  series  of  pots;  thi 
are  in  turn  covered  with  boards  and  deeuuipoHiiig  bark,  and  in  thismann* 
&  piio  of  many  alternations  is  eonslnieted.  After  the  lapse  of  a  conside- 
rable time,  the  pile  is  taken  down  antl  the  sheets  of  load  are  remove<l  and 
carefully  unrolled  ;  they  are  then  found  to  bo  in  great  part  converted  into 
carbonate,  which  merely  retiuires  washing  and  grimling  to  be  fit  for  ase. 
The  nature  of  this  curious  process  is  generally  explainetl  by  supposing 
the  vapor  of  vinegar  raist^l  by  the  high  temperature  of  the  fermenting 
matter,  merely  to  act  as  a  carrier  butween  the  Lar)>onic  acid  evolved  from 
the  tun  and  thti  lead  oxide  fonueil  under  the  inHnence  of  the  add  vapor, 
a  neutral  a<;etale,  u  ba«ic  acetate,  and  a  earlxinate  being  produtied  in  suc- 
cession, and  the  action  gradually  travelling  from  the  surface  inwards. 
The  quantity  of  ociTtic  acid  u»ed  is,  in  relation  to  the  lead,  quite  trilling, 
and  cannot  directly  oontrihuto  to  the  production  of  the  carl>onalo.  A  pre- 
ference is  still  given  to  the  proflact  of  this  old  mode  of  mnnufacture,  on 
aetxiunt  of  its  superior  opacity,  or  bodj/,  over  that  obtaimtl  by  precipita- 
tion. Commercial  white  l.ad,  however  prepared,  always  contains  a  certain 
proportion  of  hydrate.  It  is  sometimes  adiilteratetl  with  barium  sulphate. 
When  elcan  metallic  lead  is  pnt  into  pure  water  and  exjtosed  to  the  air, 
a  while,  crystalline,  scaly  powder  begins  to  show  itself  in  a  few  hours,  and 
very  rapidly  increases  in  quantity.  This  aul>stanco  may  consist  of  lead 
hyiirat«\  form«»d  by  the  action  of  the  oxygen  dissolved  in  the  water  upon 
the  lead.  It  is  slightly  noUible,  and  may  be  readily  detected  in  the  water^^H 
In  tuitnl  cases,  however,  the  formation  of  this  deposit  is  due  to  the  aetio4^^| 
of  the  carlxinic  mM  dissolved  in  the  water :  it  consists  of  carlwiate  in^* 
combination  with  hydrate,  and  is  nearly  insoluble  iu  water.  When  com- 
mon river  or  spring  water  is  substituted  for  the  pure  liqnid,  this  elToct  is 
Utaa  o1>3ervAble,  the  little  sulphate,  almost  Invariably  present,  causing  the 
deposition  of  a  very  thin  but  closely  adherent  tilm  of  lead  sulphate  apon 
the  surface  of  the  metal,  which  protects  it  from  further  action.  It  is 
tliJS  aootMint  that  leailon  cisterns  arc  use<l  with  impunity,  at  least  iu  uu 
oases,  for  holding  water:  if  tin-  latter  *vcre  quite  pure,  it  would  besiHredil 
contaminated  witli  lead,  and  the  cistern  would  l>e  soon  destroyed.  Nati 
ral  water  highly  charge<l  with  carUmic  acid  cannot,  nnder  any  cireni 
stances,  be  kept  in  Im&iI  or  passtsl  through  leaden  pipes  with  safety, 
carbonate,  though  insoluble  in  pme  water,  lH>ing  slightly  siduble  in  wati 
ooutaiuing  carbonic  acid. 


LEAD. 

Tim  Si^iluble  salts  of  l.>a«l  bt-have  with  roag^'nlH  an  follnwn  : — 
i'.tkaBiic  ff'iaJt  nittl  mnin  prccipliatu  n  Khiw  hydrato  fredy  Aolablo  In  ex- 
ifleiM.  Ammonia  givfa  a  tfiiuilar  whitu  prLi-ipitAU-,  not  ttululilv  in  exrraii. 
Tlio  njrhnnrtti^  itf' jMttaMsium ,  snJiiim,  Aiiil  UHinwtii'ufM  precipitato  lead  oarbonato, 
SnBolnblo  in  oxoesfl.  Sulftfiuric  arid  or  a  mlphiite  cauHoa  a  whito  preclpit&to 
'of  \v>iu\  Hulpbatu,  insr>tu1jl*^  in  nitric  acid.  //yr/r<K/^ri  tulfthidf  and  unfmanium 
IfihiiU  llirttw  diiw-n  blai'k  IfOil  Htilphide.  LdA'I  im  T'-tuWlv  dt^tectM  hrfura 
libo  bluH'plpo  by  ftittin),;  tbo  c'ttn|mun«l  undor  examination  on  cbareoal  witb 
'pcnlium  carbonate,  wbt-n  m  hviui  of  niftat  is  nanily  obtained,  wliicU  \a  ro- 
[•ognUed  by  its  ohomical  aa  well  aa  phyaio&l  proporties. 


An  alloy  of  2  parts  nf  I.'.id  and  1  of  tin  conaUUiit^  pimnhtT*g  jw/rf/rr;  thtme 

[.proportions  rftvcri^ed  pivt;  a  mor»>  fue^iblc  comiKHind,  callt'd yine  lu^Hrr.    Tbo 

umployud  in  tbe  manufauture  of  tibot  Is  oombiiied  with  a  little  anfenio. 
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AKTIMON7. 
Atomlo  weight,  US.    Bymbol,  Sb  (Stibium). 

This  important  mctfll  Is  rmiui  cliiedy  in  tin;  Htate  of  sniphido. 
ifl  fn»<«d  hy  fusion  from  oarthy  iiuimrities,  ami  it*  afUTuanlti  dtKXimjKiHcd 
heating  with  luutallic  iron  ur  potoA^iuiu  cArbunalti,  wluuh  ret&iua  the  ai 
pbur. 

Antimnnj  has  a  lolnish-wliite  oolor  and  strung  laatre:   it  is  cxtremt'l 
brittle,  boing  riviuucrl  to  powiler  with  tliw  ulmfwtoase.     Itaapi'cifiegrAvil 
ii  ti.8;  it  nioltH  rila  tt'iupcratiirt'  Just  short  of  rudutss,  and  boils  and  vol 
liliaoa  at  a  while  ht>at.     It  has  always  a  distinct,  crystalline,  platy  sti 
ture,  but  by  particular  maiiagonitmt  it  loay  be  obtaiuwl  in  crysialfl,  whi< 
are  rbombohedral.*     It  ia  not  oxidized  by  tho  air  at  cnnimon  temix'r»tur« 
whfn  Hlrongly  huatLMl,  it  burns  w-ith  awbitt*  llaiiie,  protluciiig  oxi.1.%  wlii.h 
is  oflt*n  dei»o«it«Ml  in  lK*aiitiful  oryatuis.     It  i«  dissolvud  by  hot  hydrocblo- 
ric  acid,  with  uvoliition  of  hydrogen  and  pnxiuotiou  of  chloride.     Niti 
acid  oxidizi'S  it  to  autiuionio  acid,  wbii  h  is  iusolubltt  in  that  liquid. 

Antimony  forina  two  clafiavs  of  cotup'mnds,  thu  antimunioues  comi>oiLii( 
in  whioh  it  in  trivaliMit,  as  SbCl,,  8b,0j„  Sb,Sj,  etc.  and  the  nntiuioniu  coi 
pouuda  ill  which  it  in  quinquivalent,  as  ybt\,  SbjO^,  Bl«jSj,  «t<j. 

Chlorides. — ^Th«  trichlonde  or  Antimoninits  chloride,  SliCl,,  formprly  calb 
butter  of'  itntimont/,  ia  prcNlucod  when  hydrt>gen  sulphide  ia  pro]:»art«d  by  til 
action  of  strong  hydro(;hloriu  acid  on  anlinionious  Bulphido.     Tho  iinpui 
and  highly  acid  Bolntiun  thua  obtainLnl  is  put  into  a  retort  and  distillt 
until  each  drop  of  the  condcuRixl  product,  on  falling  into  th«  aqu^wi 
liqnid  of  the  rtrceiver,  produces  a  copious  white  prt'oipitnte.     Tho  rccuivor 
ia  then  changed  and  the  dif^tillation  oontinuud.     Pure  autiiuonious  chloride 
then  pa)>dca  over,  and  solidiflcs  on  cooling  to  a  white,  highly  crystalline 
mass,  from  which  the  air  must  be  carefully  excluded.     The  samo  com- 
poand  is  formwl  by  distilling  metallic  antimony  in  powder  with  2|  times 
itB  weight  of  corrosive  auhllmnto.     Antimnnious  chloride  ia  rery  deliques- 
cent; it  dissolves  in  strong  hydroohlorio  acid  withnut  deenrnpositinn,  an4^^ 
the  solution  ponn^i  into  water  gives    riw  to  a  white  bulky  precipitate^H 
which,  after  a  short  time,  bocomtw  highly  crystalline,  and  aasurai^s  a  pal«^| 
fawn  color.     This  is  tho  old  poirdrr  of  Algamik;  it  ia  a  compound  of  tri- 
chloride and  trioxide  of  antimony.     Alkaline  Dolntlons  extract  the  chlo- 
ride ami  leave  tho  oxide.     Finely  powdered  antimony  thrown  into  chlori 
gaa  taki>s  fire. 

Tlio  Prnfarfilon'tlr.  or  Aattaionic  cfititridf,  BbCl,,  is  formed  by  passing 
itream  uf  chlorine  gas  over  gently  hi-ated  mi-tallic  antimony:  a  mixture 
of  the  two  ohloridL-s  results,  which  may  be  separated  by  dibtillation.  The 
pentachloride  ia  a  colorl^^s  volatile  liquid,  which  forms  a  crystalline  com- 
pound with  a  small  portion  of  water,  but  is  decomjK^ed  by  a  larger  qnaa- 
lity  into  autimouio  and  hydrochloric  acids.  ^^ 


"M 


•  On  eleetrolvclnf:  n  solntJnn  of  one  purt  of  turt/ir-em^ttfl  In  4  T»ftrt»  ft  m 
nlous  rlilorlile  ny  \  iimn)l  bitttrry  of  two  clement*,  an'lmon)'  [ormtnir  'tit*  jtovltU' 
nod  mctillio  copper  of  the  npRAtlvc  pole,  cruiil«  of  sDllntnn;  »ire  nhrnini'ft,  wiilnl 

COBsewi  Ihe  reronrknhle  property  of  rxplmiint;  pinrt  OHtchIng  Ore  when  craokcil  or 
roken.— <torc,  Procfedingt  ^  tht  Roifoi  Socitty^  U.  TOl 
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AntlmoolouB    Hydride.     Antlmonetted   Hydrogen.      Stlblne, 

8bllj|.— VVhvii  Aiiiu  i»  put  iiitii  a  Hulutiou  uf  luitiuumiuiut  oxidi*,  and  kuI- 
phtirio  MMd  added,  port  of  ibe  hydrogeu  oo!nliiii<«  with  th«  antiinonjr.  and 
the  refiultiiig  gaH.  which  is  a  mixturt;  of  gtihiiio  with  fnx?  h^drci^cn,  Imriia 
with  tk  gr»eiut>U  llamt*.  giving  rine  t4>  whito  fuiuei  of  Aittiniuiiiuiu  oxidn. 
Wlieu  the  ^!;a^i  is  couduct<'<l  thruugh  a  rod-hot  glaaa  luhe  of  a&rmw  dimm- 
Sinru,  ur  burned  with  a  IiiuUi.HJ  stupply  of  air,  a»  whfii  ii  i-uld  ]KtrL-i-lniu 
Surfaro  in  prttisediiito  the  Uuiuo,  iiiLULllic  antiiuuity  Jadt!i>oiiitt^l.  On  piiNit* 
jiig  a  ourreiil  of  antiuiuuctlcil  liydru^un  through  a  tw^lutiuii  uf  silvor  iiiti'tlOi 
a  black  precipitate  lA  ohtainrd,  coittaiuinj;  isbAg,:  from  thv  formation  nf 
tliis  oumpouud  it  ia  infcrrctl  that  the  gas  has  lh«  compoaitioii  E^bll,,  aitalo- 
goua  to  amiuonia,  phoHpliiue,  and  arviue.  There  are  aLo  several  aiiahiyoua 
compounds  of  antimouy  uitii  alix>hul>raflicL«a,  suclt  an  irmtOitfUuihitM^ 
8b(Cilj|)„  tritihyldtihitie^  i3b(C,llj)„  ttlc. 

Oxides. — Antimony  forms  two  nxid*^,  Bh,Og  and  PbjOg,  analngooff  to 
the  chlorides,  tht^  tinst  lK*ing  a  baBio  aud  the  second  an  acid  oxide,  aiiio  an 
littcrmediato  neutral  oxide,  Sb,0,.  The  trioTtdty  or  AiUtuwrnuuM  ujcuitt^ 
Eh|U,,  occuj-s  native,  thuugli  raridy,  as  mlmtinilt^  or  nhite  nutimnny^  in 
ahiuing  whitu  triwetrio  crystals  ;  also  aa  senarjuoiuite  in  ri^ularurtohtnlrons: 
it  is  therefnre  dimorphous.  It  may  be  prepared  by  several  methods  :  ai 
by  burning  metallic  antinjony  at  the  bottom  of  a  lar^rc  red-hot  crucible,  in 
whieh  oastu  it  is  obtained  in  brilliant  erystalu  ;  or  by  pouring  solution  uf 
antimonioua  chloridu  into  water,  aud  di^fstin);  the  rehulting  precipitate 
witli  a  Bolutinn  of  &odium  ( ark»nate.  The  oxide  thuji  prodacod  is  nnhy- 
droua  ;  it  is  a  pale  buH-coIurHd  powder,  fusible  at  a  red  beat,  and  volalilo 
in  a  cloft^d  vesaol,  but  in  contact  with  air  at  a  high  temperature,  it  absorbs 
oxygen  and  bocomos  changed  into  th«  tetroxide.  Wiieu  boiled  with  cream 
of  tartar  (acid  [Kitossium  tartrate),  it  is  dissolved,  and  the  solution  yielda 
on  evaporation  uryMlals  of  tartar  anttir,  whi<'h  is  alui<«t  the  only  antimo 
nioua  salt  that  can  l>enr  admixture  with  water  wxthimt  decomposition.  An 
impure  oxide  for  this  i«uriM#e  is  Hom<-timi-8  jtrepar^-d  by  cnrelullv  roaatin^ 
the  powdered  Rulphidu  in  u  rererlNTaiory  futnaire,  and  raihin^  the  heat  at 
the  end  of  the  j>roc<>BH,  so  ns  lo  fuse  the  pri>duet :  it  has  lung  teen  known 
nnder  iht^  name  yla»A  of'  un/miertj/,  or  vitruui  atttimonii. 

Antimonioua  oxide  likewisti  acta  as  a  feeble  acid,  fonning  salt*  catlvd 
ann'mofir/M  which,  however,  are  very  unstable. 

The  teiroxidr^  or  AnlijitoHoaa-Qntimonic  oxidf-^  S'»jO^,  or  BbjjOj.SbjOj,  occu 
native  as  cenHintit^,  or  antimony  ochrf,  in  acicular  crystals,  or  as  a  crust 
powder.     It  is  the  ultimate  prmiucl  of  the  oxidation  of  the  nielal  by  heat 
and  air:  it  is  a  prnyi»h-w)iite  powder,  infusible  and  non-vululiU',  inM<luble 
in  wator  and  adds,  except  when  rervntly  precipitated.     On    ii-  ii"..-    it 
with  tnrtarin  acid  (ncid  |Kita»sium  tartrate),  anlimonions oxide  i.< 
antimonic  ncid  remnining  behind  ;  and  when  a  solution  of  the  t.  i 
hydrochloric   at^id   is  gradually  dropfH?d    into   a   largw   quantity  <>i  ifciO-r, 
antimonioua  (ixide  is  precipitatiHl,  while  antinioniv  acid  remsfn**  di»»di«ii 
From  llnrrte  and  similar  reactions,  it  has  been  Infernal  thm  •  ■   ^ 

a  comjiouml  of  trioxide   and   pentoxide.     On    the  olh«'r   i  -^au*- 

times  ri'pimh'd  as  a  distinct  oxide,  because  it  dissolvt-a  wiiij-'^'i   .i-_-.t.it»jrf>- 
sition   in   alkalii.-s,  forming  snlts  (nftin   called   f/w/iwrn/e*),  which  ma 
olilainmi  in  the  solid  state.     Two  j»(>1nssium  Halts,  for  example,  havft 
fttrmed,  c«mtain!ng  KjO.ShjO,  and  K,0.2ribjO, ;  and  a  cjiicium  aaJl, 
2Sb,0.,  (KTtira  UH  A  nntural  iiiiii»'rnl,  calle-l  romrin«.     Tliese  sallsua/, 
ever.  W  regnrded  os  ctmponnds  of  nntiinonates  and  antiniunltet  fi 
«ng  .ShjO,):  thus,  2(K,O.SI,,0.)  =  K,O.Sb,i\-f  K,<».»b,(V 

The   ftrntositie,  or  Antimonie  rtriV/r,  Sb,(  »j,  is    fnrun*d    A8   an 

dratv  whi-n  strong  nitric  acid  is  mode  to  act  upon  motaUio 

33* 
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on  exposing  this  liydral**  In  a  lie.at  shiirt  of  r«'<li»i'ss,  il  vii-ltla  f\io  anliyili 
prutoxiilc  an  a  pule  ttlruw-ofOnrcd   ]>owder,  iii»oIubIe  in  water  aii< 
it  is  flooonipoflcrt  hy  a  red  hcni,  yiplding-  the  totroxklo, 

Hydratctl  aiilituonicoxidi*  is  Hkewifto  ohtainotl  by  Uooomposinir  antimoiyr 
pi'Utaclil'triilo  witli  nu  i-xcm-hs  of  waiter,  hy<lnH;hlorif  acid  iK-in^   foritiitl 
thf  ?ianin  tim«.     Tin*  hyflnitffl  nxiiKs,  or  acid^t,  produced  by  th».'  two 
co88e.s  moiiliouori,  differ  in  many   of  Ibcir  prupcrtii^s,  aud  pupttMally 
th'»ir  deptirtimmt  with   bases.     Tlu.»  acid  prorliirt'd  by  nitric   acid.  onJl 
an  tinion  ir  arid  ,  is  moiiabasic,  pnxlucing  noniial  salts  of  th»  form 
SbjOj,  orMSWJ,  and  acid  H«Ua  wntainiiij;  Mj<>.*i^!V>6,  or  2MaiiOj.8li,Oj.    11 
nlher,  calb'd  mi'tanl  i  monic  acid,  ih  bittnsic,  forming  normal  Baits 
talning  2M,O.Sb3(l5,  or  M^SI>,Ot,  and  acid  enltH  containing  ^MjO.aSbjO,^. 
M,0.8b,0„  80  that  tlie  acid  uietaiitininnatvit  are  inonn'rir  or  ]wdynK'rir  wit 
till*  normal  antiinnnnt^.     Anuinf^  tbe  nietantininnatc's  an  avid  po|aa»inl 
Bait,  K,O.Hh,i>y7UyU,  lA  to  bn  particularly  nolscod  as  yiolJing  a  precipitato 
witli  SMliuni  HaltR  :  it  is,  JndftKl,  tbeonly  rt>a[i:i'Ut  whirh  pre«'ipitatca  scyliij] 
It  is  obtainiMl  by  fufling  aniimoniooxidu  with  an  ox&'Rs  of  potash  in  ft  aih 
cmcibln,  difiHulving  (ht«  fuKt^^l  laaM  in  a  nniall  quantity  of  c-uld  wat«r, 
allowing  it  to  eryritnllixe  in  a  vacuum.     Thu  cryBtals  consist  of  nor 
(HttaBHium  luftanlinionalc,  2K,O.ShjOg,  and,  when  dib^olvcd  iu  pure  wall 
art!  dct-umpoMtil  into  frre  {lOluHh  and  acid  nicinntimonati*. 

Sulphidea,— Tlitf  trimifphifif,  or  AnfimoniniiK  mtlpftidp^  ^\^3<  occurs  nati 
aa  ft  leail-;;ray,  brittb*  niiliNlanc,  bavins  a  radiati-*!  ^.ry^tnIIin«  ti-xtu 
and  eaaily  fusiblo.     It  may  bo  prcpariHi  arliilcially  by  malting  tfigvth 
antimony  and  sulphur.     Whrn  a  solution  of  tartar-emetic  is  prectpita 
by  hydrogen  sulphide^  a  briok-rwl  prrcipitat*;  falls,  which  i«  th«  fta 
BulKttanco  combined  with  a  little  water.     If  tlio  precipitate  bt»  drio*i  a 
gently  heated,  the  water  may  be  expelled  without  other  chaufce  of  col 
than  a  Utile  darkening,  but  at  a  higher  t4-m|K<rRtur('  it  assumes  the  color 
and  n«j)ect  of  the  native  sulphide.     Tbis  reujarkable  change  proliatdy  in- 
dicates a  pa^ita^e  from  the  amnrphoiut  to  the  (TyKtalline  state.     When      | 
powdered  antlmonions  sulphide  id  lx)iled  in  a  solntion  of  caustic  potaah,  tffHi 
is  dissolved,  antininniouH  oxide  and  potassium  sulphide  l^-inj^  prodtieedf^^ 
and  the  latter  unites  with  an  additional  quantity  of  antimonioud  sulphide 
to  form  a  soluble  sulphur  salt,  in  which  the  potaitHium  Kulphide  ia  tUo 
■ulphur-base,  and  the  untimonious  eulphide  is  the  sulphur-acid  :  ^^M 

3K,0  +  2SI'iS,  s=  Sb/»,  +  3B:,S.Sb^,.  ^1 

The  antimonions  oxide  separates  in  small  crystals  from  tite  boiling  snlu- 
tlon  when  the  latter  is  eoneentrattvt,  and  the  snlphur-salt  dissolves 
extra  portion  of  antimonious  Bulphidv,  which  it  again  deposits  on  cooU 
as  a  red  amorphous  powder,  containing  a  small  admixture  of  autimonioi 
oxide  and  ]>ot;ui5iiim  sulphide.     This  is  tbe  k-frmra  nu'nTa/ of  the  old  ohe 
iittif.     Tbe  filtered  soltitinn  mixed  with  an  acid  gives  a  potassium  sal 
hydrogen  sulphide,  and  precipitated  antimonious  sulphide.     Kermcs  ni 
also  be  made  by  fusing  a  mixture  of  .1  parts  antimonious  sulphide  and 
of  dry  <iodium  carbnnalti,  lioding  thw  ma>>s  in  SU  parts  of  water,  and  filter* 
inp  while  hot:   tbe  comfiound  separates  on  cof^ling.     The  coni]x>nnds  of 
aiiliinonions   sulphide ,  with    Ixuic   sulphirles    are  calh^l   nJpitantimanites i 
many  of  them  occur  as  natural  minerals.     For  examjile :  xinkenile,  PI 
SbjSj ;  feather-ore.  liFbS.t^KjJ?^  ;  Umlangerlt^'.  3PbvS.Slj^, ;  fahlore.  or  lot 
hedrit««,  4Cn,8.Hli,8,,  tlie  antinitmy  iM'ing  more  nr  less  replftoed  by  arscni 
ami  the  copper  by  silver,  iron,  xiiic.  and  uieruiiry. 

The   ffrntti»'Jft/*u/t\   or   A!itim'>»u'   »■  '   '    '      '-'''■      '           , '  n.-d   hvIj^ 

aurafutn,  is  also  a  bulphtir-Aeid,  fon  >  ia//x,  nioH 

of  which  have  the  cSmpwitinn   -i^'  ,     •      .,-  .^  j ^.^nus  to  thv 
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normal  ortUophoBpUatea  aud  aniuuatvif.   Wlivn  18  parOi  of  fluelj  powdort^ 

aiiliiiioiuoU!^  suljiiittlo,  17  parU  dry  sodium  ciLrUmutv,  \\i  purU  Blakixl 
liiiio,  iut<l  llj  part8  uulpliur,  are  bulled  in  waUT  fur  suuic  lufurs,  calcium 
curbonatts  (it»liuui  autimuiiaU'f  aiitiiuuiijr  penln^ulphidt',  aud  mkIiuiu  huI- 
phidit  art!  prfMlaue<l.  Tho  lirst  is  jntH*tnl)U',  atui  tin*  fit-wind  i>nr1iiilly  so: 
tUe  two  laul-nauiM]  bodU^,  on  tliv  contrary,  uiiito  tu  fonti  E^ulubif  oodium 
Hulpiiontiuiouutt.',  ^a,tibS^,  wliicli  taajr  be  obiaiu^l  by  cvapuration  iu 
bi'autiful  oryHtnid.  A  Holutiun  uf  UiId  Hulniuuco,  iiux)h1  witli  diluto  sul- 
piiuric  at'itl,  furni^lieH  HLnliuin  ftulphale,  Iiydn^'cu  nulpliide,  and  aiitiinoiij 
jHtntosulpliidii,  wliiuli  bilU  as  a  goldun-y^lluw  llocculfnt  priTcipitatc. 

Tlio  fiuip)iju)ttui<»nutua  uf  thu  alkali-niL'tala  and  alkaliuc  eurlh  ntctaU  are 
Vi*ry  Rolublu  iu  nator,  and  crystalUxe  fur  ihe  ujust  part  witii  vevera)  mole- 
cult^a  of  wairr.  Tlioau  of  iho  heavy  metals  arc  lusulubk',  aud  arc  oblaiuod 
by  prt*oipitatioa.  ^^ 

TUo  few  baIU  of  antimony  aolulilo  in  wati-r  ttr«  dirttinclly  t'liaractc-rized 
by  lliu  uraiigu  or  brick-rod  preeipitutu  witU  AWruyfn  siftjihiUey  wUicb  ia 
9olabt«  In  a  solution  of  amuionium  aulpliidv,  and  again  precipilatwl  by  as 
ftcid. 

AntimonloDS  chloride,  as  already  nltsorrcd,  Ik  dcixiraiKiSHd  by  tnifrr^  yiidd- 
Ing  a  pri*cipitatt_'of<>ji_)-(lilorid»'.  Tin'  precipitnto  dittKolvfs  in  bydr<M-bltirio 
acid,  and  tbo  rfsiilting  sulution  givi^,  with  jM'Umft,  a  whito  precipituto  of 
trioxidv,  sotubli*  in  a  lurgu  vxrt'HS  uf  llii*  rvaguul ;  with  uumutnin  tho  saiuu, 
liii^ulubla  in  i^\L'<'!i4s  ;  v^ilh  jtotimifiuni  rtr  tntiiutn  r</i7>o/fiifc,  also  a  [irtjcipitHle 
of  triuxide,  which  dissolves  in  I'xcrsH,  (^pi>cially  of  thft  potarttiium  »>nlt,  but 
rcappi'Ars  aftor  a  whilu.  if,  Iiowl-vlt,  the  sidutiou  cuutaiiia  turUiru  inuif 
Xhv  pnvipitalf"  fnritit'd  by  jtotanh  diamilvi-a  easily  in  oxci'H»  of  tli«  nlkulL ; 
ammonia  forum  but  a  slight  prrcipitat4>,  and  tho  pri-clpitatca  fonuod  by 
alkaline  carbonatfa  art*  iuaolublu  in  L'xccua.  Tho  laat  mentioned  rhnra^-ti-ra 
ar><  likowiao  oxhibiU'd  by  a  solution  of  lurtar-i^niotic  (potaasio-antinioniouft 
tartrate),     /^inc  and  iron  precipitatu  antiniuiiy  fruui  its  aolutiiniv  aii  a  blavk 

iwdiT.  Copj'rr  pn^cipitntea  it  an  a  ahining  metallic  film,  whicdi  may  bo 
l^aolvud  un  by  potosi^ium  prrmfinj.'«nnte,  yit-Iding  a  a<ilution  which  will 
tlwt  rlinractiTit^tic  n-il  procipitato  with  liydiogfu  Kulphidi^. 
tlid  antimuny-i'ompuunda,  I'uaed  n])un  charcoal  with  sodium  carbonate 
or  iKJlosaium  cyanide,  yield  a  brlttlt*  globalu  of  antimony,  a  thick  white 
funm  lM*ih|;  at  the  name  time  given  olT,  and  tbo  charcoal  covered  to 
lot)  around  with  a  whitti  deposit  of  uxlde. 


I 


Besides  its  apptinatinn  to  miHlicinn,  antimony  is  of  p-nat  importanne  in 
tht'  arts,  innsmuoh  as.  in  combination  with  lead,  it  forms  ty}M-mrtal.  This 
alloy  t'xpnmta  at  the  moment  of  Kolidifying.  an<l  takes  an  «xc«)ding  sharp 
imprcH&iun  of  tho  mould.  It  ii)  remarkable  that  tnHh  its  oonatltaonts  shrink 
under  similar  circumstaucva,  and  iiiako  vrry  l)ad  cnaiings. 

Britannia  uit-^tal  Jh  an  alloy  of  0  partM  tin  and  1  part  antimony,  frequcntlx 
alan  c<mtaining  amall  quantities  of  copper,  zinc,  or  bistmulh.  An  alloy  of 
12  partft  tin,  1  part  antimony,  and  a  small  iitiantity  of  copper,  forms  a 
supt;rior  kind  of  pewtt-r.  AIIovh  of  auliraony  with  tin,  or  tin  and  lead, 
(ire  now  iiiuoh  u»ed  for  maehinery-lH>aringa  iu  plnc<t  of  irun-melul.  Alloys 
of  untinu>ny  with  nickel  and  with  siUvr  occur  tm  natural  mtui-rala. 

Antimony  triMilphidu  enters  into  the  ixiUpuaiiiun  uf  thu  bine  sfgnal- 

'hts  used  at  aea.* 


*  Blue  or  BcnKnl  light : 

l>rv  potnulum  nltratA         .....    fiptrrs 

sutpfnir 2      " 

Anttmony  trt*)))phl(ln I  Vftrl;. 

All  til  fln^  |H>\t(lrr,  nn<)  iiiliinntrly  mikril 
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AHSENIC. 

Atomlo  weight,  T&.    Symbol,  As. 


^^^^^■^■^^Hotnetiuit^  fouud  native :  it  occurs  in  considornMi'*  quftnl 
^^^^^^^^^^Hbt  of  many  niintTuls,  (XftubiiKHl  with  niotain,  sulphur 
^^^fll^^^^^^TOii'  oxitlizwi  Blute,  it  Las  txten  foujid  in  very  uiinulc  qunntit 
lu  ti  gryat  iiciny  ininfial  walri'}*.  The  largl•^i  projwrtioii  ik  derived  l>o( 
tho  roatiling  of  natural  arpi-nidos  of  iron,  nickel,  and  cobalt.  Tin*  opfi 
tion  is  (xjmiucttjd  iti  u  revorbt'ratory  furnace,  and  the  volatile  products  ai 
condenflixl  in  a  long  and  nourly  horizontal  cliiinney,  or  in  a  kind  uf  tow< 
of  Iwickwurk,  dividi-d  into  numc-ruus  cliambiTS.  The  crude  arsonioi 
oxide  thus  produced  is  purilitsi  by  Buhlimnlion,  and  tht-u  heated  wil 
charcoal  in  a  retort ;  the  metal  ia  reduc^-il,  and  readily  eublimes. 

Arsenic  has  a  sti*<l-gray  a>U'r,  and  high  melallic  luslru :  it  is  eryBinllh 
ftnd  very  brittle  ;  it  tarniahiw  in  the  air,  but  umy  !«•  preiserved  uncliang* 
in  pure  water.  Its  deneityt  in  the  solid  state,  is  o.7  to  6.9.  Whi-n  heat* 
it  voUtilizoji  without  fusion,  and,  if  air  be  present,  oxidizes  lo  arseniou 
oxido.  lt«  vapf»r-deiiHity,  eompared  with  that  of  liydrt»gen,  is  150,  wUicI 
is  twico  its  atomic  weight,  no  that  its  niolecuU'  in  the  ^'iwi-oun  ulaU',  li 
that  of  phosphorus,  occupies  only  half  tho  volume  of  a  nioleoulo  of  hjri 
gen  (p.  220).     Tho  vajKtr  hn^i  tho  odor  of  garlic. 

Arsenlo  combines  with    nietala  iu    the  same  manner  a.s  sulphur  at 
photjphorus,  which  it  resouibles,  oBpeiially  the  Utter,  in  many  rcspcctxi 
indeed,  it  i»  often  regarded  as  a  metallcud. 

Arsenic,  like  nitrogen,  behaveK  in  numt  renpocts  oa  a  triad  element,  Tn 
being  capable  of  uniting  with  more  than  three  atoms  of  any  tme  mom 
element.     Thus  it  forms  the  compoandfi  Aall,,  Asl'lj,  AsBr,,  wtc,  bnt 
compound   analogous    U)   tho  penlachloridc  of  phnsphorus   or  antimonxJ 
But  just  as  ammonia,  Nil,,  can  tako  up  the  elements  of  hydrochloric  aeid' 
ta  form  sal-ammoniac,  NlIjCl,  in  which  uitrop>n  Appears  quimpiivaleni 
H»  likewise  can  Arnonetted  hydrogen  or  arsine,  AsHj,  unite  willi  the  chl( 
rides,  bromides,  etc.,  of  the  radieh*.  methyl,  etliyl,  etc.,  lo  form  salts 
which  the  orsenio  appears  to  be  quinquivalent,  <;.  j/. .' — 

Ar«enothylium  bromide         .         ,         .     ABHj(C,n5)Br, 
Arseumuthylium  chluride       ,  .  ,     A«li,(L'U,)C'l. 

In  lilco  manner,  arBentrimelliyl.  AfiCrH,)^,  nniteswith  the  chlorides  of  i 
thyl  and  filhyl,  forming  the  comiMUjuds  A8(CU,)^C1  «iid  A»*(CiIj),(t\Hj) 

Anteuic  likewise  forms  two  oxides,  riz.,  arsenimis  oxide,  As/t„  i 
nnt(«nic  oxide,  Ab,Oj,  with  c-orri'sijonding  aeidti  and  bbUb,  analogous  to  the] 
phosphorous  and  phoaphoric  L-ompnunda  :  the  arsenates,  in  iiarticniar,  ar«l 
isnmorpbijUB  with  the  urthophoMphates,  and  resemble  them  cloriely  in  m&uyt 
other  re3iM,*rt3. 

Araenlous  Chloride,  AkH^. — This,  the  only  known  eldorido  of  arsenic, ^ 
ii  pro^lueed,  with  emi^Miim  of  heat  and  liirht.  when  powdered  arHonio  i»i 
thrown  into  chlorine  gos.  It  iB  prepared  by  dlHtilJinp  a  mixture  of  I  parti 
of  metallic  arsenic  and  (J  parts  of  corrosive  Bnhlimnto,  and  by  diatillingij 
arsenious  oxide  with  strong  hydrwhbiric  aeid,  or  with  a  mixture  of  common^ 
salt  and  sulphuric  arid.  It  is  a  e<>hTle«*,  volatile,  liighly  |w^.i«onoiiB  liquid, 
deoomp(.»sed  by  water  inln  arHenton<i  Jin.l  h v.lr.'cblnrii  aeids.  Arnrniotm 
ifHiide.,  Asl,,  is  formed  by  healing  m<  i  '•■ -.  it  i-  »  d<*..p 

red  crystalline  sulxttancn,  capable  of  -  ircupouding  6ii 

mide  and Jtvoride  are  both  liquid. 


^ 
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ARSKNIG. 

Hydrides. — Ah«iMiic  forma  two  hydridtta,  oontaining  2  a&d  3  atoms  of 
Lv(iru;;<>ii  inmibiiMMl  with  1  atom  af  arsenic. 

The  IriJtyiiftJe.  Armnioits  hydride^  Ar$enrHed  ktfdrogen  or  Ar»ine,  Aa11|,  an- 
ftlogoiu  in  (xiinptiHiLiuu  to  uuuiuuia,  phoHpUine,  aud  Btibine,  Is  obluiiKil 
pure  by  tbe  av'tiou  of  strong!;  hyilnwliloric  acid  uu  au  alluy  of  equal  parl» 
of  xinoaud  arnciiiL',  ami  \»  pnwiucwU  in  ^reattiror  Instwr  jiroi>»>rtion  whfntiVtT 
hytlrngon  in  :4<i  fn;*^  iu  contact  with  antiuiouii  acid.  Arb>.iuetlMl  bydrugcn 
is' a  oolorltMis  isna,  n(  siH^cillo  gra%-ity  tl.iiV3,  bligbtly  ttuluble  in  walor,  and 
liavin;;  tbe  niiu-U  of  garlii;.  It  biiriu,  whuu  kiutiltHl,  with  a  blue  llaiut.*, 
gi'iieraliug  arAuiitou;§  acid.  Il  tH  aliw  dooompoaed  by  iraiutiuiiisiuu  tbrouga 
A  re<l-hnt  tubtj.  Maay  mvtaUiu  sotuliotui  are  precipitated  by  tbiH  subrtlanc*;. 
Wben  iahaltfd,  it  ia  exceedingly  potaoaouit,  uveu  in  vury  miuute  i^aautity. 

A»l{, 

The  dihytlritie^  AnU^  or  rather  Aa^li^as  |        ,  is  pnxluoed  by  paasiug  ail 

^ectrio  ourront  through  wati'r,  tb«  ui*g!iliv«  \kAv  Iwing  formed  of  metallic 
ftraenio;  alfto  whon  potas-tium  or  aodium  antenidv  ia  disbolvvd  in  watur. 
It  is  a  brown  |>owdt>r,  which  jfiree  olf  hydrogen  when  heaU-nl  iu  a  clurte 
▼essel,  and  burns  when  h'-atv.!  in  the  air.  it  ta  aualogoua  in  oompottilion 
[io  araendiranthyl  or  (;acodyl,  A<^j((!^ll3)^. 

Anenlous  Oadde,  Aold,  and  Salts. — Arxfuiwis  oxifie,  AbjO,,  also 
cd  irAi/»*  Qxifff  of  ttr*rtir,  is  pr<i.lnti-il  in  tlii»  manner  alreft<ly  mt«r»tiom»d. 
eommonty  imit  with  in  the  form  of  a  ht-avy,  whit4*,  glaitsy -looking  sab- 
},  with  sinoilh  wnubo'idal  fracLuru,  having  evidently  undor^me  funiou. 
t  freuhly  proparM  il  is  often  tran.sparL-ut,  but  by  ket^pin^^  becom*« 
>pa<i^ue,  at  the  samo  timt*  slightly  diniininhin^  in  d<'D^ity,  and  ar^iiiiring^  a 
greater  degree  of  aolubilily  in  watrr.  liH*  pnrt^  of  that  liiiiiid  di'4«olv(>  at 
l(K>0  abont  11.5  parts  of  llie  opai^ue  varirty  :  lh»!  largrr  portion  8eparate», 
however,  on  ooolmg,  leavin;;  al>out  tbnn*  parts  di-SHolvi^l ;  the  soUition^ 
which  M^ntainil  artmiimM  nciit,  feebly  redtleni4  [itmnn.  L'old  wator,  agitat«>d 
with  powdtirti<l  artiunioUH  oxide,  takes  up  a  still  stoaller  quantity.  Alkalies 
dibsiolve  this  sulwtauue  freely,  forming  nrseniteH;  comjMniniis  with  am- 
monia, baryta,  stroiitia,  lime,  magnesia,  and  manganoun  oxide  nUo  havo 
been  formeil :  the  silver  Halt  IB  a  beautiful  lumon-yellow  pri_*c!pi(ate.  The 
ar!4euite«  are,  however,  very  unstable.  Thojie  which  have  llio  oomposition 
Mg.'ViiO],  or  3M,0.Ak,0,,  are  reganb-d  a»  normal  suits;  thfre  are  also  arae- 
nitw  oontaiuing  M,Afi,Oj,  or  2M,0.A83O,,  and  MAsOj.  or  MgO.As./^j,  beaidwi 
aoid  tatts.  Arseniou-t  oxide  is  eaitily  soluble  in  hot  hydrochloric  acid.  Its 
vapor  Is  colorleuii  and  inodorous,  and  it  crystallizes  on  solidifying  in  bril- 
liant trandpap'iit  octohedrouM.  The  oxide  or  aoid  itaelf  has  a  feeble  sweet- 
lab  and  a!4trin;;cnt  ta^tte,  and  \a  a  nio^t  fearful  ])o[son. 

Araealo  Oxide.  Aoid  and  Salts. ^Wben  powdered  arsentons  oxide 
is  ihs»oLviMi  in  hot  bydrcKdiloric  and,  and  oxidized  by  tlie  addition  of  nitrio 
aci«l,  the  latter  bt^lng  added  as  long  as  red  va(M>rs  are  jjr(><luccl,  the  whole 
tli'.'n  eautioualy  evattorutenl  to  (-(implete  dryness,  mid  the  residue  lieatcd  to 
low  r4Htne:T«s,  arseuiu  oxide,  ASjO^,  rtMnains  in  the  form  of  a  wliite  anliy- 
droTu  mib^H  whi^h  has  no  action  upon  litmus.  When  strongly  heattil,  it 
is  resolved  into  ann^nious  oxide  and  free  oxygen.  In  water  it  dissolves 
slowly  but  eonipletely,  giving  a  highly  auid  solution,  whii-h,  on  being 
evaporati^l  to  a  syrupy  t^nsisteuce,  deposits,  after  a  time,  hydrale<l  crys- 
tals of  aritenie  arid,  ixintnining  'iHjAsO^.H^O,  or  3H,O.As,<lj4-  Aq.  These 
crystala,  when  heated  to  llX>^,  give  olT  Ihuir  water  of  crystallization  and 
leave  trihudric  orM«t/r,  II3ASO,,  or  31i,0.A8,0, ;  at  14UO-l»iiJO,  dth^hic 
nrMrnnlf,  U^ASjO,,  or  2ll|f).As,*)j,  is  left;  and  at  2'K''-',  mortohi/firic  nntftnatf^ 
HAsO,,  or  H,t>.AB.,Oj.  The  aqueous  solutions  of  the  three  hydrates  and 
of  the  anhydrous  oxide  exhibit  exactly  the  siuue  oharautt^rs,  and  all  OOtt^ 
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Uin  trUijdric  AneiiAt«,  the  other  hydrntra  \*e'm^  immMtntMy  couvoi. 
into  that  ecfiupound  when  diMulrttt  in  watf*r  ;   in  this  rt-aptKit  the  h7*drAi 
of  iTBwnio  oxido  didVr  easentially  from  th<we  of  phnsphoric  uxido  (p.  21' 
Ars«nic  acid  in  a  v*ty  \vtwvr{u\  acid,  formiii};  salld  ittouit>r|thuufl  wii 
tbo   0(»rre9i«»uding    phnjtpliAt'^ ;    it    iif   altto   trihaitic.      A   aoiUmm   ttrafna.. 
If*,HAsOj.l-JIIj(>,  uuili»tin};ui*4hahle  in  ap|maranoe  from  «imn»on  ftodiai 
phwphatf,   may    l>e  prrpsru.!    Iiy  adding   the  carbonate   to  a  Mdution 
UMZlio  add,  until  an  alkaliutTL'aotion  is  apparfnt,  and  thi^n  evajxiratii 
This  salt  aUo  crytttallixea  with  7  moloculei*  of  wati*r.     Anothor  anneiial 
Na,AB0,.12H,0,  in  produced  when  aodiiim  carbcmato  in  excess  iti  fu*i>.l  wii 
ann?nic  aoid,  or  whun  tbu  preceding  salt  is  mixcil  with  caustic  jwNla. 
third,  NaH,AsO,.UjO,  is  mode  by  suJwtitutiug  an  excess  of  arcenie  acl 
for  thtf  aoluiiou  of  alkali.     Tho  alkaline  arHenates  which  contain  bai_ 
water  loso  the  Utter  at  a  ri-«l  heat,  but,  unlike  tho  phosphates,  n>oor( 
it  when  agaiu  disaolv.'<l.     Th<i  arsenates  of  the  alkalies  are  soluble  i 
water  :  thoau  of  the  earths  and  other  metallic  oxidwi  are  insolnhic,  bat 
diaaolved  by  aciiU-     The  precipitate  with  hilver  nitrate  in  highly  oharj 
teristiu  of  arseuiu  aoid:  it  is  reddidh-brnwu. 

Sulphides. — ^Two  sulphides  of   arsenic  aro  known.      The  dieuipkidm^ 
AflgS,,  uoours  native  as  Umtitfar.     It  is  formed  nrtiticially  by  heating  arsunli ' 
acid  with  the  proper  proportion  of  sulphur.     It  ig  an  orange-red.  fuslM 
and  volatile  substance,  employed  in  paintiii};,  and  by  the  pyrtjteehnist  i: 
making  white,  fire.     The  triaulph'tde  or  antntuxu  tulphide^  -A-s^Sj,  also  occ 
native  as  Or/thnt-nt,  and  is  prepared  artificially  by  fusing  arsenic  with  th 
appropriate  quantity  of  sulphur,  or  by  precipitating  a  solution  of  arsenious 
acid  with  hydrogen  sulphide.     It  is  a  golden-yellow,  crystalline  sulistnnce^ 
fusible,  and  volatile  by  lieut.     A  cuUI  solution  of  arsenic  acid  U  not  immd  ' 
diately  precipitateil  by  hydrogen  sulphide,  but  alter  some  hours  the  sola 
tion,  saturated  with  hydrogen  sulphide,  yields  a  light  yellow  de|HJsil 
sulphur,  the  arsenic  acid   being  re<lnctKi  t<t  arsenious  mid,  which   is  the 
gradually  converted   int4>  leuion-ycUow  arsenious  sulphide.      In  boilin|f 
solutions  the  precipitation  takes  place  iumiedintely.     The  mixture  of  aol- 
pbur  and   trisiiilphide  thu-?  produced,  was  formerly  regarded  as  a  ptint»Y 
sulphide  analogous  to  arsenic  acid. 

The  disulphiiie  and  Irisulphide  of  araenlo  are  sulphur-acids  uniting  wit 
other  mr-tftllic  aulphithy  to  form  sulphur  salts.     Thos*' of  the  difulphide 
are  called   by  posulpharseui  tes  ;    they  are  but  lUtlu  knoun.     The 
salts  of  arseuious  sulphide  are  called  sul  phar.aeuitea.     Their  compo- 
sition may  bo  represented  by  that  of  the  potai>slum  salts,  viz,,  KAsS^,  or 


I 


K.S.ASjPj;  KiAsjl^j,  or  2K^.A8^ ;  and  K,AsS„  or  3K,.S.A&,S,.  Of  thi^« 
tlie  bilMiaio'salts  are  the  most  common.  Tho  sulpharsenites  of  the  alkiiliJ 
metals  and  alkaline  earth-metals  an*  soluble  in  water,  and  may  be  pre- 


pared by  digesting  arsenious  sulpliidi-  in  the  solutions  of  the  oorrespondiuj^ 
liydmtes  or  snlphyd rates ;    the  rest  are  insoluble,  and  aro  obtained   by        j 
precipitation.      Sulphur  salts,  called   sulpharsenates,    analugoua  ia^ri 
composition  to  the  arsenates,  are  produced,  in  like  manner,  by  digeetiug^f 
the  mixture  of  sulphur  and  arseiiious  sulpliide  precipitatwl,  as  bImvo  ^H 
mentioutMl,  from  arsenic  acid,  in  f<oUnion«  of  alkaline  hydrates  or  suljthy 
drates  ;  also  by  passing  gaseous  hydrogen  sulphide  through  solutions  or 
ftnenatea.      There   are    three   sulph-iraenat^s   of   potassium,    cimLuining, 
KAb^.  or  K^.AsjS.,;   K^As^ri,.  or  -iKjS.As^s;  and  K,AsS,,  or  3K,.S..\s^,. 
The  snlpharsenntes  of  the  alkali  metals  and  alkaline  earth  metals  ara 
soluble  in  water  ;  tho  rest  are  ins4dulj|e.  aud  ar«obtaiueii  by  precipitativu, 

Amenioos  scid  la  difltinguished  by  charscten  wbiok  omnnoi  bo  misan- 
deratood. 
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Stiver  nitrair^  mixed  with  r  solution  of  arsenious  acid  in  water,  occasions 
no  prtjcipita.te,  or  merely  a  faint  vtoud  :  but  if  a  little  fixed  alkali,  or  a 
drop  of  ammonia,  \*^  iul(k><l,  a  yeUow  preoipU.ite  of  silver  arsenite  iuune- 
diatrljr  falls.  The  prfoipitateUexeeedingly  suluble  in  excess  of  auituoula; 
that  liquid  miii^t,  Iherolore,  be  added  with  groat  caatiou  ;  it  is  likewiae 
wry  soluble  in  uilric  auid. 

Cuprir.  sulfthiitp  givm  no  preoipitatn  with  fwlntion  of  arsenions  acid,  nntil 
thn  addition  has  been  niadt*  of  a  little  alkali,  when  a  brilliant  yollow- 
gri'en  preoipitate  (3ch«ele'a  grveo)  falls,  whiuh  also  is  Tery  soluble  In  ex- 
ces:)  of  ammonia. 

Hydrogen  salphidey  passed  into  a  solntlon  of  araenions  acid,  to  which  a 
fnw  (In)pfl  of  hydrorliloric  or  sulphnric  acid  hare  bi>«n  added,  throws  down 
a  cx>pii>u^  bright  yelluw  precipitate  of  orpituent,  which  is  caHiiy  dissolved 
by  auunonia,  ami  repreuipitnti^d  by  acids. 

Solid  arvcnioufi  oxide,  hAat^l  by  tlie  blow-pipe  in  a  narrow  glass  tolie 
with  small  fragments  of  dry  charcoal,  aflbrds  a  sublimate  of  metallio 
arAfoio  in  the  tihape  uf  a  brilliant  stct.d-gray  metallic  ring.  A  portion  of 
this,  detaohud  by  tlie  point  of  a  knife,  and  heated  in  a  second  glass  tube, 
with  acott^a  of  air,  yields,  in  its  turn,  a  subUiaatu of  colorless,  trauspareat, 
octahedral  eryfitala  of  nrseniuas  oxi<lt». 

All  Ibtsit'  experiments,  which  Jointiy  give  demonstrative  proof  of  the 
pri'S»*noc  of  tht?  substance  in  qaerition,  may  be  pt*rfurme<l  with  iMTfu*ct  pre- 
cision and  ctTtainiy  opon  exc^^edingly  amall  quantiiici)  of  matt^rial. 

The  detection  of  arscniuutt  acid  in  complex  mixluret*,  containing  organic 
mutter  and  common  Kslt,  as  beer,  grnel,  soup,  etc.,  nr  thf  fluid  cont^^nts  uf 
the  stomach  in  cadcd  of  poisoning,  is  a  far  more  difSoult  problem,  but  on« 
whiuh  is,  uufortuiiat4*ly.  often  required  to  be  solvetl.  Thene  nrgaulc  matten 
intcrn-re  u<uiplftrly  with  the  liquid  IvaXa,  and  n-ndcr  their 
indicatioua  worthless.  Somt'tlmes  the  dilBculty  muy  tie  eludr-d 
by  n  (iiligi'iit  st-arih  in  thu  suspected  liquid,  ami  in  the  Vi*SKel 
containin;^  tt,  for  fra^ment^oriMiwdcr  of  solid  arsciiiuud  oxide, 
which,  from  its  smrill  degree  of  solubility,  oft^Mi  escape  solu- 
tion, and  from  the  high  density  of  the  satMtance,  may  be 
found  at  the  buttoui  of  the  v«?ttfie1s  in  which  the  fluids  are  oon- 
taiiked.  If  anything  of  the  kind  hv  found,  it  may  he  washed 
by  docantation  with  a  little  cold  water,  dried,  and  then  re- 
duced with  charcoal.  For  the  latter  purpoHe.  a  small  glass 
tub*:  is  taken,  liaving  the  figuni  represented  in  the  margin  ; 
white  German  glass,  free  from  lead,  l«j  lo  be  preferred.  The 
arsenions  oxide,  or  what  is  su8pect4.'d  to  be  such,  is  droppi^l 
to  the  bottom,  and  covered  with  spliutent  or  little  fragments 
of  charcoal,  the  tube  being  fliled  to  the  shoulder.  The  whole 
is  gently  lauittHl,  to  expt>t  any  moisture  that  may  be  present 
iu  the  charcoal,  and  the  deposiited  water  wiped  from  the  inte- 
rior of  the  tuho  with  bibulous  paper.  The  narrow  part  of  the 
tube  containing  the  charrual,  from  a  to  h,  is  now  heAt*Mi  by  the 
bloW'pi)H;  llome  ;  when  reii  hot,  tlie  tnbe  is  inclined,  so  thai 
the  Ixitlom  also  may  become  heatod.  The  arsentous  oxide,  if 
present,  is  vaporised,  ami  nxlucinl  by  the  charcoal,  and  a  ring  of  metallio 
arsenic  deposited  on  the  cool  part  of  the  tube.  To  complete  the  exp**ri- 
ment,  the  tube  may  W  melt«Kl  at  a  by  the  p^iint  of  the  flame,  drawn  ofl^, 
and  cloeed,  and  the  oTBonio  oxidized  to  arseuious  oxide,  by  chasing  it  up 
and  down  by  the  heat  of  a  small  spirit-lamp.  A  little  water  may  after- 
wards be  introdnced,  and  boih**!  In  the  tnl>e.  by  which  arsenious  oxide 
will  be  dissolved,  and  to  this  solution  the  testa  of  silver  nitrate  and 
ammonia,  copper  snlphate  and  ammonia,  and  hydroget)  sulphide,  may  be 
applied. 
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mten  the  soareli  for  solid  ar&eiiions  oxide  fails,  the  liquid  it,s«-1f  mm 
exftuiiuisd ;  a  tuU-rahl^v  Umiiid  sulutitm  muse  b«  olitAiri*^!,  from  wliiclj 
arHvnio  may  \m  jtrt^cipiiaUnl  by  hydrogen  Hulphide,  and  tin*  or|iiiiM.-iil 
looted,  and  ri*duc«d  to  tho  nu'tnUic  litato.     it  is  in  the  Gki   purt  (*f 
opuratlon  that  th«9  chiiif  difficulty  in  found  :  such  organic  oiixturtm  rffi 
to  flltor,  nr  llUi.T  itn  tthiwly  an  tu  reudiT  sume  int'thml  of  acctdvration 
pi^nHalile.*     Hoiling  with  a  little  caustic  potoKli  or  ac>?tic  add  will 
liuwa  vMi'i-t  thii4  olijf<;t.     Thi>  foUowing  la  AU  outline  of  a  plan  which 
Un.mi  found  8U0(-f»Mfiil  in  a  variety  of  ooeus  in  which  a  wry  small  tjimnl 
of  antfuioufl  arid  had  bei'U  purponely  addL<«i  to  an  organic  mixture  :    Oil 
ritridl,  itaelf  perfectly  frt-*«  from   arsenic,  in  mixed  wiUi   the    suapec 
liquid,  in  the  pr>)]mrtiou  of  abcut  u  wcaauriMl  ounce  to  a  piut,  havin>; 
pruvinusly  dihittil  trith  a  little  wat«r,  and  the  whole  is  Uiiled  in  a  d 
for  hftlf  an  hour,  or  until  a  complete  separation  of  solid  and  liquid  mat 
lfCHH)nieM  luanifest.     The  acid  converts  any  starch  tliat  uiny  he  pre»c'Ut  i 
dextrin  and  ftiigar  :    it  complt^tely  ooagulales  albuminous  suht<tanr«'h,  i 
oaeein,  in  the  case  of  milk,  and  brings  thv  whole  in  a  very  short  time  i 
a  state)  in  which   llttration  is  bulh   easy  and   rapid.     Tbrouf^h  thu  tilt«? 
solution,  whun  oold.  a  current  uf  hydrogen  tiulphide  Is  trunsmitted,  and 
the  liquid  is  warmed,  to  facilitate  tlie  di'iHwitiuuof  the  arscuious  iiulphid< 
which  falls  in  comhinalinn  with  a  largti  quantity  of  organic  matttr,  whi 
often  communicates  to  It  a  dirty  u[>lor.     This  is  collected   upon  a  sm 
fitttT,  and  wiuthtrd.     it  is  next  tniUKfcrrmi  to  a  c;tpsuh>,  and  hi'AK^  with 
mixture  of  nitric  and  hydrmdilorle  acids,  by  whieli  thi>  organic  inipuriti< 
are  In  great  mem'*ure  di'striiyt?<l,  and  the  arwHuic  oxidized  to  annouic  ael 
The  solution  i«  evajxiratt'd  to  drynest*.  the  soluble  part  takm  up  by  dilu 
hydrochloric  acid,  antl  then  the  solution  uaturateil  with  Hulphuruus  ad 
wberrljy  the  arsenic  acid  is  reduotid  to  the  Ktate  of  arHeuious  ocid»  the  sul- 
phurouB  being  oxidized  tu  sulphuric  acid.     The  solution  of  arsenious  acid, 
may  now  l>e  precipitated   by  hydrogi>n  fiutphide  without  auy  difficul 
The  liquid  id  warme^l,  and  the  j»reeipitate  washed  by  decantation,  a 
dried.     It  is  tlcn  riiixe<l  with  hinck jlur,  anil  heated  in  a  flmall  glans  tulie 
similar  to  that  alrea<ly  dt'scriK'd,  with  similar  preraulinns;  a  ring  of  r«*- 
ducod  arHenie  i^^  obtained,  which  may  Ih>  oxidized  to  arsenious  oxide, 
furtlu>r  examin*^.     The   black   Ilux   ia  a  mixture  of  jMttnafiiuni  carbon 
and  charcoal,  ohiiilne<l  by  calcining  cream  of  tartar  in  a  clogc  crnolbl 
the  alkali  Iran^ftirms  the  ••ulphide  into  arHeniuus  acid,  tliecharooal  su 
quently  effecting  the  deoxidation.     A  mixture  of  anhydrnns  sodinm 
bonato  and  oharonal  may  be  Bu1)stitut«d  with  advantage  for  the  oo 
black  Ilux,  as  it  is  U*9S  hygroscopie. 

t)ther  melho*l«  of  prfti'*i'dinj:,  different  in  pHnriplr  from  the  foregtrfn 
are  aUo  employo^l,  an  that  of  the  lnt«*  Mr.  Marnh,  whiHi  It*  exciiedingi 
delicate.     The  suspected    liquiil    is   a^^-idulatfd   with    sulphuric   acid,   a 
placed  in  eonlnet  with  metallic  zine ;  the  hydrogen  nrdnci-ji  thn  arsenions 
ocid  and  eomhin<*«  with  the  arsenir,  if  any  Im  present.     Tht*  jras  is  bnrne(l 
at  a  Jet,  and  a  piMon  of  ^da^s  or  pore4*lain  held  in  the  flame,  whi'n  any  wA' 


mixturf^  of  antenettcl  hydrogt-n  is  at  once  known  by  the  pfxluclion  of  l^| 
brilliant  black  metallic  si»ot  of  rt-dnced  arsenic  on  the  (KToelnin  ;  or  the 
gas  is  passed  through  a  glass  tnln*  heate<l  at  nnp  nr  two  places  to  redn««Ra, 
whereliy  the  arseiietted  hydn»j;«'n  is  dewimpostMl,  a  ring  uf  metallic  arsenic 

I  appearing  Indiind  the  hraterl  prtrtion  of  the  tuh«*. 
It  has  b«*en  olwervinl  (page  3HJt)  that  antiroonetted  hydrojron  gives 
similar  re«tult.      In  order  to  dintingnish  the  two  aubetancpii,  the  gas  mi 
be  passed  into  a  solution  of  silver  nitrate.     Roth  gosv^s  give  rise  to  a  bti 
previpitatOt  which,  in  the  cjise  of  ontimonettad  bydrrigen.  comiiBts  of  sib 
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antlmonide,  Ag,Sh,  whiUl  in  ilie  case  of  antenetted  hydmgon,  it  is  piiro 
ailvur,  tlie  arttunio  buing  tbeu  couwrted  into  arm-uious  ucid,  which  com- 
biiietf  with  a  purtifin  of  silver  oxidv.  The  stiver  Arni'Qit^  rvmaiiut  ilift»iilved 
in  the  nilriu  acid  which  is  Ubt^rattid  by  Uio  precipitation  of  thv  silver,  and 
may  U^  thrown  down  with  it«  vhuract^ristic  yellow  color  by  adding  ammunla 
to  th*-)  Itipiid  Hlt4!re>d  off  from  the  black  precipitate. 
Thtt  black  silver  autiinouide,  when  uarofuUy  wanhed, 
and  fliiliA^u<*ntly  boiliMl  with  a  ftolution  of  tartario 
acid,  yicldd  a  aoliuion  containing  autimony  only, 
from  which  hydrngt^a  sulphidv  iirpiirnt**!)  the  rharac- 
terJAtio  orange-yeUow  precipitate  of  antimonioua  sul- 
phide. 

A  ounTenient  form  of  Marsh's  iuBtruutcDt  is  that 
shown  in  fig.  1S8:  it  tmuiiflta  of  a  bent  tul>o,  having 
two  bulbs  blown  ni>on  it,  fitted  witli  a  }ttoi)cock  and 
narrow  jft.  Hlips  of  sine  ar**  put  into  the  lower 
bulb,  which  is  aflLTwardit  nile<l  with  the  liquid  to  l>o 
exaoiined.  On  ruplacing  tlie  sto|>oo<'k,  cluavd,  thu 
ga.H  cnllt'ictH  and  fnn^rai  thu  lit^uid  intn  thi*  iip^x-r  biill>| 
which  then  acta  by  itji  hydrot-tAliu  preaHurv,  and  fx- 
p**U  the  gas  through  the  jot  no  soon  an  the  stopc(H-k 
is  up«nv<<l.  It  niusl  bo  bornt:  in  mind  that  both  com- 
moil  zioo  and  Hulphuriu  acid  often  ooutain  trai^es  of 
arseniiT.  Prnfeii*tor  JMoxam*  liaa  pro|KMie<l  an  iiii- 
portunt  modiHcation  of  Mursh'H  proc<W8  for  tlic  iU- 
toclion    of    antHtiic    and    antimony    in    organic    bul>- 

»lAnc(«,  which  is  l>asiMl  on  the  behavior  of  Sfilutioiis  of  tlie»e  nu-taU  un^ler 
Uie  inlluence  of  the  eUwtric  current.  Antimony  Ja  dep«J6ited  In  the  metal- 
lie  state,  without  any  disengagement  of  aiitimooetted  hydrogen,  while 
arsenic  is  evi)lvt<d  aa  araenetted  hydroguii,  which  may  be  recoguixnl  by  tho 
oharactcrs  alrea<]y  indicated.    . 

A  slip  of  cop]»«^r-fnil  tM>tle<l  in  the  poisoned  liqnld.  previously  acidulated 
with  hydrtH:hluric  acid,  withrlrawd  the  araeiiic,  and  bectjmes  oovered  with. 
a  white  alloy,     lly  lieating  tht>  metal  in  a  glass  tube,  the  araeuio  la  ex- 

iilfid,  and  oxidiiod  to  arseoioUB  acid.    This  Lb  oAlled  HviiiBok'i  t«it. 


BISMUTH. 
Atomic  weight,  Sl».    Symbol,  Bi. 

BiftMlTTR  is  fnnnd  chiefly  in  the  nu'talUc  stale,  dUiwminatod  thmngh 
various  rocks,  from  which  it  ih  ncparaled  by  simple  expotmre  lo  heal.  The 
ini'tai  is  biffhiy  orynlnlline  and  very  brittle :  it  ha«  a  reddish-white  color, 
•nd  a  density  of  0.9.  Crystals  of  great  beaaty  may  l»e  obtaim^l  hy  slowly 
ling  a  roiifliderable  maH»  of  this  anbatftnce  until  solidilicaliuu  hafi  com- 
menced, then  piercing  the  crust,  and  pouring  ftul  the  fluid  residue.  Bis- 
muth melts  at  about  2(>tl^  C.  (.'i(K>^  F.).  ^nd  vnlatilizea  at  a  high  tempora- 
tare.     It  is  nMuarkable  as  Iwng  tho  moat  diftniaein'tic  of  all  known  iKxlies. 

BLtleoxidited  by  the  air,  but  burns  with  a  liluish  flame  when  alrongly 
i.     Nitric  arid  somewhat  dilnted  di-isolvea  it  freely, 
nuth  r>rmfi  three  clasnes  of  oompounds,  in  which  it  is  hi-,  tri-,  and 
iivalent  respectively.     Tho  tri-cumpouuda  are  the  most  Blahle  Olid 
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Iho  moat  numoroua.     The  only  known  compounils  in  wUiclx  biMnntti 
qiiinqtiivnlnnt  arc  indetKl  tlie  jH'ntoxide^  BijO^,  togvLlit^r  with  the 
siwmUiig  Acid  aud  iniUaUic  Sftlw.     Norortlifleas,  l>isiuuth  is  regnntini  w  s 
pontml,  on  account  of  tlie  imalogy  of  it?  comp<TUDilB  witli  th.jsf  of  uiU- 
inuny.     yereral  bismuth  conipouiulH  aro  known  lu  which  Uie  motal  is 
parently  Uvolout,  but  reall.v  trivaleut,  as  :— 

BiCI,  Bi^O 

Chlorides.— The  tn'chioride,  or  BismuthouM  cMoride,  Is  formed  when 
muth  is  iietiU'd  in  a  onrroiil  of  chlorine  k^s.  »"'*  i»iiari«9  over  ae  »  wUl 
eaailv  fnsil.l.>  suUtano**,  wliit-li  readily  attratU  uioiature  from  the  Air, 
Is  converted  into  n  crysUlIixml  hydrate.     Tlie  samt'  suiwtauw  w  prvdui 
when  bismuth  ia  disHolviil  in  nilro-uiuriatic  arid,  and  the  8oIuti<m  t«v*i 
rated.     BiamnlhonB  chloridw  diswdvy«  in  wat*>r  cuntaining  liydroohJc 
acid,  but  is  dewmpoawl  by  pure  waU'r,  yielding  a  white  prwipitaU-  of  uz 
chloride  — 

BiCl,  +  H,0  =  BiClO  +  2HC1. 

TIte  dirUorkle,  BijClj,  produced  br  heating  the  trichloride  with  metaltl 
biBmoth,  ia  a  brown,  cryitaUiu^i,  easily  fusible  mass,  docomjMMed  by  wati 
At  a  high  temperature  it  ia  rtwolved  into  the  trichloride  and  meloliio 
muth. 


¥ 


Oaddea. — Tho  irioxide,  or  BimnuthtttM  oride,  is  a  Btraw-yeHnw  powdrr, 
obtained  by  g(>ntty  ipiiting  the  noutral  or  bai«io  nitrate.  It  is  fusible  at 
a  high  t«>mpemtiire,  and  in  that  state  aot«  towards  ailiceoiu  matter  as  s 
powerful  finx. 

The  htftirate,  BillO,  or  BijO,.HjO.  h  obtained  as  a  white  prwipitalo  wb 
a  solution  of  the  nitrate  ih  decomposed  by  nn  alkali.  Both  th.'  hydr 
and  tho  anhydrous  oxide  dissolve  in  the  stronger  acids,  foriiiin);  the  li 
mathous  paU»,  which  have  tlie  cnmjHwitinii  Bill,,  where  R  denidea  an  ai 
rnaic'le,  t.  g,,  BiClj,  Bi(N<>a)„  Bl/SOJ,.  Many  of  these  salLs  Prystalliie 
well,  but  cannnl  exist  in  solution  unless  an  exeei^s  of  acid  is  prt«(*nt.  On 
diluting  the  Aolutionn  with  water,  a  basic  salt  is  precipitated,  and  an  $u 
salt  remains  in  Kulutiou. 

Tlie  nornuii  nitratu,  Bi(N03)j.riH,O,  or  Bi,0i,-3NA'1*^^»*^'   ^orxm^  largv' 
transparent  colorless  crystaU,  wliirh  are  deoonipoBed  hy  water  in  the  man- 
ner jnat  meutionetl,  yielding*  an  miid  snlntion  rontAiniug  a  little  bismuth, 
and  a  brilliant  white  vrystAlline  powder,  which  varieti  to  a  certain  extent 
in  oompoHition  ac^vrding  to  tho  temperature  and  the  quantity  of  water  ein- 
phiyod,  but  frequently  conHislJt  of  a   boi'ic  nitrate,   Ri,*>,.N,*»j.2H,0, 
Ui(N0j),.Ki,()3.:ill,l».     A  mention  nf  binmnth   nitrat*',  fri»e  from  any  gr* 
cxei>88  nf  aeid,  ]^Hmred  into  a  lar;.'n  qunnlity  of  cold  water*  yields  an  in- 
sulnble  bA^io  nitrate,  rury  similar   in   Appenrnnee  to  the  above,  but  con- 
taining rather  a  larger  pn(|K*rtion  of  bismuth  oxitlc.   This  bn-iir  nitrate  wa^^ 
once  extensively  einplriyt*^!  as  a  conmetic,  but  it  is  said  to  injure  the  8kii|^^| 
rendering  it  yellnw  and  teatlipr-liko.      It  in  used  in  iiie<lirine.  ^^1 

Bii'Mtth  jfrntoxidr,  or  BiMUtthtc  ofiH^,  Blj!»j,. — When  bismuth  trioxide  la 
suspended  in  a  stnmiff  <(olntitin  nf  |M->ta»h,  anil  ehlorine  pasved  through  the 
liijuiil,  diM^>mjHj«ition  of  water  tmsuea,  hydroehhirie  acid  bt'tng  foriiKHl,  ai 
the  trioxide  being  e<)nverle<l  into  tlie  ]>entoxiile.     To  sepiirale  any  trioxi< 
that  may  have  escapM  oxidation,  tl.  '  *       ■    !  with  dilute  niii 

acid,  when  the  hismuthiL*  oxide  ii^   '  Icr,  wltirh  is  in< 

soluble  in  water.    This  substance  co 
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Tttry  wtiU  known.     According  to  Arppr,  Ihvvu  Is  an  aclil  patAHlmu 

tUiat«  wulaining  Ki,K110,,  or  l!HI/i^.  {  .  '    ,     Tlt«    pMidoKlrlo  wlit'il 

lk«*tad  loaefl  oxjrgvn,  an  intoruitMliittu  u^iii*',  nl/\,  bcin^  (urmiHl|  wlUdU 
may  be  conjiidMroil  us  bUmuthous  hUtwulMtn,  !wlli,(\  ^  bl,Og,Ui,0.. 

UUmutli  Ut  AUlBdcntl^  ulmructtTiufd  by  thd  (l)>«.>tiuilMJitltliiii  iil  ilii  nllratH 
and  ciiloridt*  by  wiitor,  mid  I'/  ib«  blju^k  priripltiiU*  uf  biituiurb  «uljibldM. 
iii^luble  in  juuuioiiium  nuljihidi.%  wUivU  lU  sututiuiw  yluM  wliuii  cmjhmmI 
tu  the  action  of  hydrogen  ttuiphide. 

wixturt;  of  H  puru  uf  binuiti''*    ''■  ;■■••-  -■'  l.-vl,  and  3  of  Un,  li  known 

liiif  namt.*  uljiwOle  rntiul,  n  taking  inipruMilotia  (loiu 

aud  for  other  pur]>o»<<H  :  It  i 

fiiamuUi  u  u»ed,  in  cx>nJuaetion  witb  antimony,  In  lit"  niijulruiidoh  iff 

Ui«niio-«de<TCric  pll«s,  tUtnu  two  UMtaU  (uruiiUK  ^tu*  up^njuito  caLr«iwwi  of 

th»  ttwnDO-ekeotric  a«n«n. 


TaaaMfv  !•  fo«ad,  in  amaU  qoaitilly.  In  aoowi  Ira*  mm,  aUo  a« 

^  iM^     II  liM  UkMriae  hcMa  diMmratfwl  la  tl»  ir'.ii  aUic  •■<  Hmgmt4» 

■<  flveeotly,  br  Bownn,*  in  lAi^^  q«an<  avMpr-linvlM 

ALMf  H^  aad  Mottram  St.  Aai4n-^  *M#«.    MiMlttf 

ia«lteka«4  fegr  ■nAa^ad  ifatUia«<  iik*^  m  iinifW^i  fca  |Hmr4»y 

««tkn«Mii^aa««V'4^MMrteMiiaie.   Uim 
■S  14HP« 

ia 

raMcqy  ianiftrW 

talua  ira.  and  la      

VawMUtun  ww,  tftl  taMf, 

and  mofybrf— aw;  hmt 

he^ani^nt;  to  th«  f^Mapboma  ami ^ ^ 

upon  tUe  ci>ni[Mwitina  nf  tlis  oaidai  and  0^y<chierM«a ; 
pLifiA  of  liiu  vanatlalea  with  il»«  phan^lMtlei. 

Vanndltim  Oxidea. — Vatuidtnm  fonna  Ara  oxldaa, 
furmttl*.  V,0,  V,0„  V,<»,.  V,0„  VgO^,  aniUoguua.  tU 
of  iijtrti^t*n. 

Tbr-  mannridf,  V,0,  is  form*Nl  by  probrnK'"*  "^  i-"-"f"of 
to  the  air  at  onliiinry  ti>ui|N<rattirrfi,  innr"  '  k 

is  a  brown  subiitntiro,  wbirb,  when  heuti'd 
iuti>  thu  hi):h4^r  oxidon. 

Til** </i.>i-iV/r,  V,(>g,  whioh  wa«reBftrd«d  by  Bur«<'liu*a» 
U  obtainM)  by  rtNtuoiug  either  of  ihf*  liiiflit*r  oxi<I'     •' 
piuaing  Ihu  fiiiKir  of  vanadiiun  oxytricbli>ri(lv  ( V  ' ' 
nf  hydrogen,  throu^'li  a  roml.UHlion  tub*- oonfttinii  .    :• 
obtjiiu'vl  by  lb**  arcoiid  pro^n-ns,  it  fornix  n  liubt-j:r»«  f 
A  uotalliciilly  iutilroui*  eryHtulUno  crunt,  hu^iikj^  ^  •V^ 

*  rrocccJlogi  of  the  Boyal  Soalaff  .«ik4 
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hrittte,  Tery  <)jffictiU  to  fa»»»,  and  »  M»rnlurtnr  of  eleclricilv.  When  hc«1 
tu  rednves  iu  tht*  air,  it  Ukfft  tin*  aiitl  Kurna  to  bla«^  oxide.  It  u  in»olul 
in  BTilphuric,  hTdrwbloric.  and  livdroduMrio  mdd,  but  difl«olv«»  easily 
nitromuriatic  acid,  forming  a  dArk-ltlu<<  liquid. 

The  dioxide  miy  be  prt* pArvd  in  sulutiun  b.r  the  action  of  njuc^nt  Br- 
dro^n  (tfvotred  bj  mcrtatlio  line,  ca^lmiuiu,  ur  aodjuiu-amalgiim)  on  a 
solution  of  ranadic  acid  Iu  sulphuric  acid.  Afltfr  passing  tlirou;;h  all 
ahadtfti  of  blu«  &ad  gr«%>n,  the  liiiuid  ao^uirps  a  pemumtnl  lavender  tint, 
and  llien  rantAitiA  the  vauAdium  >u  Milutiun  aa dioxide,  or  aa  h,r  porana 
diou«  mU.  Tliis  Li^m|)Ound  abwrbs  usyp.-n  uiore  rapidl^v  than  au.v  other 
known  a^cut,  and  bloacboi  indigo  ajid  other  vegetable  colors  u  qaitk.1/  u 
chlorinr. 

V«n«diam  dioxide  maj  be  rt^arded  as  entering  into  tnanv  ranadtam 
oompoundA,  as  a  bivaluni   radicle  (ju»t  ^i^^  uranvl  in  the  uranio 
pounds),  and  may  therefore  be  called  vimmiyf. 

yaiuidium  trioAde^  V,0„  or  VaiuuiitlmoHox'uIr^  (V,l\)"0,  ia   ohtaintM 
ignitiii)^  th«  oentoxide  in  hydnigeii   gas,  or  in  a  crucible  lined  with  chi 
coat.     It  ifl  a  blark  ]towder,  with  an  nlntt^t  inrtallic  lustre,  and  infuKibln^ 
by  pressure  it  may  l*v  uuiled  into  a  cohertnt  mass  whieh  condaets  eW 
city.     When  exposed  wami  to  the  air,  it  glows,  abaorbs  oxygtsn, 
oooverted  into  peutoxide.     At  nrdinary  temiK-ralnnrs,  it  slowly  abaorl 
oxygen,  and  is  converted  into  tetrnxide.     By  ignition  in  chlorine  gas  It 
mnvertod  into  vanadyl  trii-litoride  nnd  vanadium  p«Mttoxide.      It  is  insolu- 
ble  in  aeida,  but  may  lie  obtained  in  solution  by  the  rf?duciug  action  of 
iiAHr^nt   hydn)^en   (hvo1v*<«1    fn>m   melallic   luagueitiom)  on   a  volution   of 
vnnudio  acid  in  sulphuric  ai-id, 

VitMutiuvt  tetmrnir,  Jfj/jhttitHitfUroridr,  or  I'nnadyl tUnride,  V,0,^(VjOj)( 
— -This  oxide  i»  pn,»»iu(»*rl,  eiUier  by  oxidation  of  the  dioxide  or  trioxid 
or  by  |karttal  reduction  of  the  i>entoxidL*;  aIko  by  heAtitig  hypornnadi^ 
obluride,  VjOjC'l,,  to  rednesa  in  an  aluuwphere  of  earUm  dioxide.*  Bi 
allowing  the  trioxide  t'l  nlMiorb  oxygen  at  ordinary  teui{M*ratnres,  tli 
tutroxido  ia  obtained  in  blue  shining  oryataU.  It  dissolves  in  acids.  th| 
more  easily  in  proamnion  an  it  has  \tevn  letw  strongly  iguite<l,  fomiin| 
tiolutiotiH  of  hypovanatlic  salts,  which  havi*  a  bright  bluecolor.  Tit 
dame  solutions  are  protluced  by  tho  action  of  nuxlerato  reducing  ag*-iH 
MUch  OS  flulphurou.s.  .sulphydrlo,  or  oxalic  ai'id,  upon  vaundic  acid  iu  »u 
tion  ;  alfl«i  by  pacing  air  through  acid  solutioim  of  the  dioxide  till  a  pel 
man«9nt  blue  oolor  is  attaini*<l.  With  the  hyiiruttx  and  ttormal  mrtomatea 
thejij-ed  aitalies,  they  form  a  grayish-white  preiipitate  of  hydrated  oxitlp, 
V,0,.H,0,  whic^h  diiisolvt^  in  a  moderate  excess  of  the  reagent,  but  is  ro- 
precipitatetl  by  a  large  pxce«a  in  the  form  of  a  vanadite  of  the  alkali  m«taU^H 

Ammonia  In  excea;*  product-s  a  brown  preoipitale,  soluble  in  jmre  waterj^| 
but  insoluble  in  water  containing  ammonia. — Amm^rtittm  f»if»f>ide  fomui  o^' 
black-brown  precipitate,  soliilile  in  oxcesK.— /iMr/urr  o/  yii/y»  forms  a  finely 
divided  black  precipitate,  which  gives  to  the  liquid  the  api>earance  of  ink.  ^^^ 

ffypovanadic  trindf}fiatet  y^O^.'SS(\  -}-  6H,(>,  is  obtained  as  a  blue  delH^f 
quesoent  oryiitulline  [M3wder  by  diaaolving  vanadio  oxide  in  strong  sulphurlj^l 
aoid  and  rcdacing  the  solution  with  f)ulphurf>u8  ncid.  A  salt  of  siniilar 
character,  containing  4H,l),  is  obtained  by  precipitaliug  the  conceuirate«l 
solution  with  strong  sulphuric  ncid.  A  dUulfthtUr,  V/),.2S(»j  -\-  711.0, 
obtained  as  a  li^lit-blue  cryritalline  i>owder,  when  the  pure  trisntphate, 
the  residue  left  on  eviiptiratuig  a  solutiou  of  tlie  tctrovide  in  sulphur 
acid,  is  treated  with  almotut»  alcohol  (Crow).  Bertelitu  by  similar  means 
obtained  a  disulphate  with  411/K 

Vanadium  letroxi<le  al^o  unites  with  the  morn  baslo  tnetalUc  oxid 
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m 


VANADIUM. 


4or 


furming  ialla  cuM^l  liy  poTanailat ett ,  nil  of  wliiMi  nro  inBoltlhU^,  vx» 
ctfpt  Lliosp  nf  the  alkAli-tuflalh.  Thu  M>luti(*iiu  t>i  tin-  nlkaliiiu  hy|MiViUifi- 
tlatt**!  aro  brown,  lnU  wln'ii  Ireate^i  with  ht/tir'Mfru  mi/fJmJm  Ibvy  mquirn 
a  «|iU*iuli(l  r(NU|»urplu  uulor,  arising  from  th*-  fortnntinti  o(  a  sulpliur  Kali. 
— Acu/ft  colur  tb^m  Wlutr,  by  furmiug^  a  tluiiblu  bypuvaiiadiu  sail;  tincturti 
of  galls  culnn  Ibeni  blaukMb-bluc.  Tbo  iuttutubl*;  hy)H>vaiiiulntttt,  wb«jii 
moirtti'ited  or  ouvorcd  witii  walur,  beoumu  b'reen,  nmi  aru  coiivurtvil  into 
vaiiadaU^. 

Trim  \\tk»  nbuintvl  the  fullowliig  byiiovanadutca  by  treatiug  hypovauadlo 
oliloride  witli  th«  corronpuading  l»aat'H  : — 

PolaKHiuiii  salt 

-Sa^litim  Knit   .... 
Aiiiiiionium  8aU     . 
Barium  moX^ 


K,f).*2V,0.  A-  7H.0 

Na,0.2\V\         +  7M,0 


The  tead  mU^  PbO.V^O^,  {s  fnrmed.  tngethor  with  potamiura  acwtato  and 
free  ^fxtic  ad'l,  hj  prucipitatiug  a  wilutiuu  of  leuil  a<H:'tate  with  potaMlum 
h/p«vaiiadat*> : 

K,0.2V,U,  4-  2Pb(C,H,0^,  4-  H,0  =  2(P»)O.V,0J  +  2K(',n»0,-f  2C,H,0,; 

The  «i7rrr  tiafr,  A(fgO.V,0^,  w  fnrmofl  by  n  prt-oisely  similar  rcaotiun  from 
potaaHtuiii  hyi*<ivaiiafiato  and  Hilv*-r  nitratl^ 

Vuntiiitiim  pfjiloTuir,  Vnmufir  oriV/p,  or  Vatuutifl  frioriitr,  VjO^  =  (^i^/)'\« 
'^This  is  the  hi^bt^st  oxido  of  vana'Jium.  It  may  ha  preparccl  from  native 
lead  vanadatu.  TUU  mipt!ra[  ik  disHoIvoil  in  nitriu  auid,  and  tltu  l«'ad  and 
ar!d*>nio  an*  precipitAtt'd  by  hydrogen  anlpbide^  whirh  at  tli«  Hanif  (im4 
tvlucMw  \hv  vana«liiim  pt^iitoxide  Ut  t^drnxidc.  Tbo  blue  filt4*r«<d  anlatioa 
Is  tbrn  evaiM)rat)ML  Ui  ArytifSK,  and  tli»  nntiduedigf^tiMl  in  aninmnia,  wliitili 
dlafloU'cit  out  thi!  %'ana<lic  oxide  rrprxlu&'d  dnrln^r  cvairoratioD.  In  tkim 
■olulion  a  lump  of  »al-»mnii>niac  in  put  ;  an  that  ttnll  diKwdri 
Tana^lalj*  aubni-li'::!!  as  a  wliite  |Hj\rder,  being  scArtvly  sulublu  in  a 
wdution  of  ammonium  ( liloriilt^  By  expofitiro  to  a  tern pt^^raf ore 
redntrHA  in  an  niM^n  crnHble,  th»  ammonia  ia  vxp**llrd,  an*! 
left.  By  a  similar  priHit^s,  Rohl-ou  Iio^h  pr«^pared  vnnadie  <»s.  . 
priicipiUtv  contninin^  2  pi*r  ivnt,  of  vanadiam,  obtained  in  vuriuLif 
pofir  ro)»alt  ore  From  Mottrnni  In  rhe«bir**. 

Vanadium  jK-nioxido  had  a  roddi&b-yullow  col  *  ;\u 

parU  of  WMtrr,  fnruiiiit;  a  li^bt  yellow  solution.      I  itia»ij 

Aeitls,  forminj^   ml   or  yollnir  HohitinnN,  M\me  ol 
OoaiiMmndii  (vanadio  salta)  by  8i>ontanonus  vvapoffattoa.    iH 
•Tur,  with  bade«  mor«  readily  than  with  acids.  formlnK  4MAto«aMBa  *••«.- 
dates.     When  fuHeil  with  alkaline  csrtM»natH»,  It »<Ltiiwa*tt  Jai^H^ila^if 
carlx'U  dioxide,  forming  (rrtftoiattadatcn  atialot-ou*  Ia*  l&ir  flVttafkaph 
thaa: 

3(iVa,0.C0,)  4-  V,n^ «  ZJftfiyfi.  +  JCO^ 

It  alriO  formn  mftamnnritUra  and  /lyrtiiwaiftlftil  AMAlAjtoii*  t^  lh« 

■pyro-phosphatetf,  and  two  ^ntsh  of  add  ■wAribfii  or  unbtjiitova 

L,'ad  orHioFanadat«      •  Plii(VO^  or  3r>.< 

Barium  ifymv-iinAdat*'  .  Ba,\y\  '""  '-''" ' 

Btruntium  nit^tiivHiunlatu  i^r(Vn,), 

Strontium  divanoduLu  .  Kr(V<l,)^.\yi'» 

Btrontium  trirauadaio .  8r(V0t)i.!£V/»» 

Li>a«l  mi*ta vanadate  ocruHt  natlvu  an  ih-ehtnU*:  ih« 
tmbiiiLKl  with  lead  clilorido,  mi  vumtdimtr  or  fonaifc,  ** 
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tlie  mineral  fn  whtch  ranadtum  was  flrst  iliMnnveml.  Vrsrioixire  !a 
])lumbic  vanadate,  l**>tV,0,,  or  i!PU.».V,Oj,  auulogtiua  m  tiottipobiUon 
py  rtj  pli  OS  p!  I  at«. 

Thti  iiii'lavnnad.it«^   am  mostlj  yfiWnw;  snme  of  tbem^   howoTer    esw- 
cially  Il)<>8v  ••!'  the  alkaliiu>  ••artU  luteals,  auU  of  ziuo,  Ljulmium,  and  1 
are  wmvert**!  \*y  wftrnnnj: — t-itluT  in  tin*  SMjIid  »t«i»?,  ur  uiidor  water, 
aqiirouit  solution,  t's|H*cialU'  in  ifrt-Hvucu  or  a  tutv  nlkali  or  alkaUne 
nat« — into  iaomuric-  uulurlfbtt  siilt:^.     Tht*  uamt'  trausfurmation  takes  ptaov 
also,  though  uH«re»lowl/,  at  ordinary  teuptMaturt.'A.     The  metarftnadata 
of  alkaU-iuotal  art-  coU>rk>sa.     Tliv  acid  vauadat««  arc  yoUaw,  or  yellowu 
red,  iMtb  iu  ibv  solid  stato  and  in  liolution  :  lit;nc«  thv  iK.>liition  of  a  uotit 
vanatluttr  U*f^)iu«i  yflU)wbh-rt'<i  ou  addition  of  an  atid.     The  metavai 
datvu  i)f  auiiuuuium,  (hi*  alkali-ujeula,  liariuui,  nud  Ictul,  are  but  hiiariuK! 
suluL'h*  in  wat(T  ;   Ihf  other  im'lavauadatfif  are  mori* soluble.    Tbe.itkal 
vanudtttt'8  are  more  soluhlu  iu  pure  water  than  iu  water  coulaiuiny  t 
alkali  or  Hall:  hence  they  are  prei-ipitaled  frnin  their  dolutiunH  by  A.l.liti 
of  alkali  in  excists,  or  of  aalta.     The  rnuatlates  are  iufioluble  in  ah-<tb_ 
The  aqueous  ttDlntiont)  of  vanadates  form  yellow  preoipilates  with  antimvu 
cnppfT^  Uad,  and  mercury  Holi^  :  with  tincture  uf' tjutU  they  ibrm  a  dt*vp  black 
liquid,  whioh  hafl  iK^en  pnqKmtHl  for  use  an  vanadium  ink. 

llifdraym  tfuiphide  reduces  them  to  bypovanailntes,  changing  the  color 
from  re'l  lt  yellow  to  blue,  ami  fnrn»iu^  a  prwipilate  of  f>ulphur. 

-•lm/j»MrtiuM( .i«//iAiV/i* colors  theHolutions  bnjwn-reil,  anrl,  on  aililing  an  acid 
ft  light-brown  precipitate  is  formetl,  consisting  of  vanadic  sulphidL-  mix 
with  bulpliur,  the  liquid  at  the  Hame  lime  turning  blue.     Hmrochloric  a 
decnmpasert  tiie  vanadates,  wltb  evolution  of  oblorine  and  TormaUoa 
vanadium  tetroxidu. 


I 


Vanadlnm  Chlorides. — Three  of  thMe  componnds  have  b«en  obtain^ 

via. :  VCI,.  \X\  and  VCI4. 

The  fr/rucMonJe,  VCI,,  is  formed  when  metallic  vanadium  or  the  monooi- 
tride  is  boated  in  a  current  of  chlorine,  or  when  the  vapor  of  the  oxytr; 
chloride,  VOCl,,  mixed  with  liilorinv,  ia  pa»ae<l  several  times  over  rwl-h 
charcoal.     It   is  a  dark  yellowish-brown  liquiil,  having  a  speeillc  gravlt 
of  1.8384  at  00,  boiling  at  154^,  not  solidifying  at  W-'.     Its  vapour-den 
Bity  reforrwl  to  hydrogen  ia  uij.G,  which  is  half  the  molecular  weight 

61.5  + 4  X  as.s 

(sB 5 ),  showing  that  the  molecule  VCI4  exhibits  the  normal 

oondenaation  to  2  volumes  of  vapor.  The  tetrachloride  is  quickly  deoo! 
poaad  by  water,  forming  a  blue  solution  of  vanadious  acid.  It  iloe«  m 
lak«  up  bromine  or  an  additional  quantity  of  chlorine  when  heaUnl  tber 
with  in  Bealetl  tubes:  hence  it  appcarit  that  vanadium  iloea  not  ruadil 
form  pentad  compounrla  with  the  mnaatomic  chlorous  elements. 

The    frifWoriW*,    VCl„  oblain^Nl   by  decomposition    of  the    tetrachlorid 
slowly  at  ordinary  t**mperfttiiri'»,  quickly  at  Iho  Uiiling  hejit,  irryHtalUa 
in  jH'Jieb- blossom -Oil  lo  red  shining  pliite«  resembling  chromic  chloride.    It  is 
alowly  <lecoi[»j»o»e«l  by  water,  forming  a  preen  solution  of  bypovanadio  auid. 

The  fUrhioriiif,  VCI„  obtaint»l  by  passing  the  vniMir  of  the  tetrucbluri 
niixcil  with  hydrogen  Ibrouu'h  a  reil-hut  tube,  crystallizes  in  gr^.^i  mic, 
cenus  plates,  which  are  decomposed  by  water,  forming  a  violet  solution 
by jM vanadious  aoid. 


1 


u- 

^ 


Vanadium  Oxychlorldes,  or  Vanadyl  Chlorides. — Vour  of  th 
coiii|H«un.isi  iiie  km.wn.  vie.;   VtKI,.  ViHU.  VOi'l.  and  VjO,Cl. 

Tiie  oxytriciUorui9t  VOCl,  (formerly  regarded  as  vanadium  trichJoride),  la 
prepared : 


A 
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By  tli«  action  of  chlnrine  on  the  trioxide: 

3V,0,4-  Cl„==V,(\-f  4V0CV 

(^  By  baming  the  dioxide  in  chlorine  f;&fl,  or  hy  passing  that  pas  over 
an  ignited  mixturo  of  tlie  trioxido,  tetroxiiW,  or  p«nloxld<*.  and  condensing 
lh(>  vapon*  in  &  ci»oIf*d  L*-tul>e. 

Vana4lium  oxytrii:tilnrido,  or  TAnndvl  (rictiloride,  is  a  goldpn-yellow 
liquid  of  spwlflo  gravity  1.841  at  14. ">0.  Ikulin^r-iwinl,  127°.  Vnpor- 
dvnftity,  by  t-'XiH-riiueut,  U.log;  by  caleulation,  (i.119.  Wlmn  (?xpo«t^'d  to 
the  air,  it  t-mita  cinnabar  colored  vatwn?,  lh*ing  rt'solved  by  tho  moititiirt) 
of  the  air  into  hydrochloric  and  vanadic  acids.  It  uxidiztjs  mapni-Kiiiiu 
and  sodium.  Its  vapor,  paflttiHl  ovi^r  |M?rfectly  pur**  carUni  at  a  red  hent, 
yit'ldK  carbon  dioxide  ;  and  when  posted,  together  irith  liydropen.  throufih 
a  rwl-liot  tulH",  yieldit  vanadiuiu  trioxide.  These  reacLiuns  show  that  the 
compound  contains  oxygen. 

The  other  oxyihlurid^'H  of  vanadium  are  solid  boilioB  obtained  by  partial 
rcductHtn  of  tiie  oxytrichlurid*'  with  zino  or  hydrogen. 

The  seix>nd,  VOCIj,  or  V,OjC'l,  (liyjMivanodio  rhloride),  is  also  produced 
by  ilissolving  the  pentoxide,  with  aid  of  heat,  in  hydrochloric  atid.  and 
reducing  the  green  soltitinn  with  sulphnrnus  acid.  The  r(>ftulting  Idue 
liiliiid  leaves,  on  evaporation  over  the  water-balh,  a  brown  deliquescent 
residue,  wliicli  yield**  a  blue  solution  with  wal«'r  (Crow). 

Tiio  tribromiiir,  VHi-j,  and  tln'  nrijhromidrit,  VOBr,  an{l  VOBr,,  have  also 
been  obtained.  The  lirnt  is  a  grayi(*h-black  aniorphoup  solid  ;  the  second, 
a  dark-nni  liijind  ;  tht>  third,  a  yt;llowish-browu  deliquescent  solid. 


^^he 


Vanadlam  Balphidea. — Two  of  these  compounds  are  known,  analo- 
s  to  till!  tt^troxide  and  pentoxide  :  iNitii  are  Hulphur  acidft.  TIh'  Irira^ 
(pAu/ff,  or  Vanadotu  stilpitide,  V,Hj,  is  a  black  siil>rttanee  formed  by  beating 
e  tetntxide  Lo  nnlness  in  a  xtrL'ani  of  hydro^>i<n  sulphidi* ;  also,  as  a  hy- 
drate, by  diHSnlving  a  vanadious  salt  in  excfi«s  of  an  alkaline  mcini>sul- 
pbide,  and  precipilatiug  with  hydrochloric  acid.  The  ftentnmtphidt,  w 
V'auadic  mt/phiik,  V\i?^,  is  formed  in  like  manner  by  precipitation  from  an 
alkaline  vanadate. 

Vanadiam  Nitride*. — The  motumitrutu^  VN,  is  formed  by  heating  the 
compound  of  vaiiiuluim  oxytriclitoride  with  ammoiiiiini  clihtride  to  white- 
nes9  in  a  current  of  auinioniagas.  It  is  a  grornisli-whidi*  puwder^  nnolter- 
aUe  in  the  air.  The  tUnitridf,  VN,,  or  VjN^,  i^  ohtjiim-^l  by  ex^Mwing  the 
aaniu  double  salt  in  nmuiunia  gas  to  a  uiuderute  heat.  It  is  a  black  )>owder 
strongly  acted  upon  by  nitric  acid. 


All  vana»liam  componnd»  heated  with  1>orax  or  phoAphoras-salt  in  the 
outer  lilow-pi|>f  flani--  produce  a  cl-'ar  bead,  which  is  colorless  If  the  quan- 
tity of  vanailiiim  \»  ^inallt  yellow  wlieu  it  is  large  ;  in  the  iiiuer  flame  the 
bead  acquires  a  U_-nntirnl  green  cidor. 

Vanadio  and  chromic  acids  ar'>  the  only  auids  whose  solutions  are  red  ; 
they  are  distingniMhed  from  one  another  by  the  vanadic  acid  becoming 
blue,  and  the  chromic  acid  gri'cn,  by  deoxidation. 

When  a  Bolution  of  vanadie  ai'id,  or  an  acidulated  solution  of  an  alka- 
line vanadate,  is  Hhaken  up  wilb  «'ther  rontaininjj  Iiydrog^n  dioxide,  the 
aqueoDS  solution  acquires  a  rod  ot>lor,  like  that  of  ferric  acetate,  while  tU« 
other  remains  o'lorless.  Tiiis  reaction  will  serve  to  detocV  VUe  \rt»:!***v\v:»6  «^ 
1  part  of  vana^lic  acid  in  4t».(HH»  parts  of  liqviid.  TU©  o\.^«r  t«a.c\AOT» 
vanadium  in  sotation  hare  already  been  dciwribed. 


4 
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TAirTAlfUM. 
A»o«to  «€lckt,  IB.    SjTBtelyTk. 

Tkm  uiHaI  «m  4U<vir^rt^l.  in  1S03,  bv  EkrbETf.  la  tvo  Om^aiUk 

raU,  UBialiU  atwl   >  :«.     A   rery  mulu  imUI,  rmtmmAitm,  laj 

|u?*-n  tt}«'-nr/'r««l  In  th  .«'  ^renj  bjr  Hatckc4t,  in  eoloafajle  froiA  ]li»- 

1  WoIUaIuu,  m  1007,00  ampttriH  t]»f  eoHiptMuids  of  Ami 

t  "i  that  th«5  were  iil«i>Uetl,  an  opadMi  vludi  warn  far  maaf 

-•■^  v^rrcvt ;  but  tluir  Mparati  idcAtlly  kac  ht»en  mitmgAtU^ 

'  lj«  roMwdiai  of  U.  Boar  (niiiiftiffiJ  in  l&iti),  mho 

.:„  tt..-  \tM**rfeui  andBaTArUaoolmbitatbv  oAOke.Va 

leh  It  li  h  11/ known.    More  reecntlj,  lUrijnuc  ba* 

irty  atl  iml  o(>luinbit«a  conUbi  boUi  Untalmm 

[ttf  '  >j,  wttno  tAntmlatcs,  frooi  Kiiuflo,  in  KisUkAd, 

uobfiim,  and  »oine  of  tb«  (rrfH*iilxud  «4as&hiU«s  eM> 
r  jiii-l«|  uuiuixfd  with  Untalom.     tn  all  UM»e  sin^ 
4  a  iJintaUte  uf  irun  and  maiigaBftf« ;  jltroiaBUUlt 
f-  '.r  ^   i.Mi.iUto  of  yttrium,  contiuniu^    atsu  uraoiun,  c&Ictvdi. 

''lu'r  lijittata.     Tantalum  ia  aUo  contjunvd  in  aone  TArietiea  of 


I 


I 
I 


M>'t«)t)c  tantalum  it  obtaliic*!  br  healing  tlie  fiuntantalate  of 
ift  a'Hilotn  witii  riiHallic  aodtum  in  a  well-covcred  irju  crucible,  and  wash* 
ittK  'Hit  tbn  wiluHn  •ollA  with  watvr.     It  ia  a  black  powder,  which,  wb^A- 
llual"*!    '"   Ihit  »lr,  buriiii  with   a  bright    light,  and    is   ooDTerted,  tbou^'h. 
■J  "  •  mulic  nxhie.     It  is  not  attacked  by  solpharic.  hrdio-i 

Pl  II  filtr'Miiiiriatiu  auid.     It  diaaulres  sluwlr  in 

■   ..,  ..-.  -1,  with  L-vuliitiou  of  hydrogen,  and  Tery  rapidly 

tnlsltir*)  of  '  M   and  nilrle  aL'iilH. 

T'4i<f  i.hiiit.  ii         X  1'^'  'NMiiiMtuiidii,  lit  4u}n(jni7alent,  the  formala  of      i 

t  iM'tii^    Juf.'l^,  UtAlut  t&utalic  fluoride,  TaP^,  and  that  of  fl 

<  'VUU.U,  In   (VMubliiatiun  with   baa^^i.  fonuB  the  tautalalts),  | 

I'Of'i^.      1  lii^ri'  i«  •!«)  (t  taiitaluUM  oxidn,  ijud  to  bare  the  compocttion  TaO,, 
And  a  i»trrm^ttta>Uu^  iiuli/Jiidtf,  Toti,. 

TanlAllo  Chloride.  Ta/!1„  U  oliUlnM,  a«  a  yellow  BoWimate,  by  Ignit- 
ing an  Itillnti4t<i  tiiUtuif  of  lAntalia  oxid*.-  and  charcoal  iuastrDam  of  chlo- 
ritu^gtu.  It  )m;{||iH  to  v*.|»i(llj[i' At  U40,  lihd  nu-lts  to  a  ycllow  H.^uid  at 
Jir^  Tlitt  Vtt|n»r  d<.ti(tty  U.twmiit  Hf>(>^  and  -MOO,  hoe  been  found  by 
ItmnlWm  ftiid  TrtPimi  to  U^  12.4i  n-f.-rrwl  lo  air.  or  178.9  referrwi  to  hydro- 
|*in  by  rftliMiIntitiri,  fur  tlm  normal  alnd^n(ta^ion  to  two  vohim^-fl.  it  ia 
17II,7A.  Tantiill.t  rlili.rldn  I 
AJiil  tanlalUi  acii'li 
Uiit  litAi. 


loffiniiKMiHl   by  wftt»rr,  yifldinj;  hydrochlnric 
but  tJio  doouiu|ifmition  is  not  coniplete  wen  at  tlit?  boll- 


TtninMn  rinnrifl- 


T-r 


or   II  til' lull  1.4  hit 


lit 


r-  r(Iit,iin«y|   In  RoliittMTi    hy  tr*»iititip    Lantallo 
IK'  arid.     Till-  solution,  mixiv)  with  nlka- 
'  ttlUiibtii  (tallH.rnlh'd  tantAlnflnorid  es« 
„       ,  ,  -■     I>"lft*"'inm  *nlt.  T«K,F,  or  TrtP  .2KF,  orvaUl- 

ilaw  111  nvmiKilDiln  prtatua,  Uwiuorphoaa  with  the-  .rirr.^p..naiiig  flunniobate- 

Tanullo  Oadde,  Tr,0,.  In  prMn«.*d  wh«m  tnntalnm  hnmn  In  th«  alf, 
Aljui  liy  tiM*  ut'ii'.n  of  wat.'r  mi  tftntftllij  ohlnride.  and  mav  he  H«.pAr:aed  as 
A  bydrnti-  fnmi  th*-  (niitnlnt.-M  hv  Oh-  nrtton  of  aiMh.      U  ninv  U*  pr'pnnMl 
laiitttUli'.  which  \»  a  tajituUlw  of  iron  and  wmn-.-nTi'-^i'.  by  funmp  thtt 


I 


MlUBtUM,  OH    UOtUMMri'Mi 
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fln*-Ijr  pulv*rit«d  mln^rftl  wUh  twlrn  It*  w.  f   '  '     r  ,    ' 
di^fiitiug  till'  r<i>M*il  iiDiMH  ill  hut  wiil*T,  HM  I 

^     MTiMii  »iil.   1.-.  .Irr..  M..f  I.    iir  iilirli-  »<''l       ' 
i  :  tflil'li  ma> 

iiiitalitMi  I 

\.  rr-      lit     Wltilt^l      tt     llM     llMMtl     MKlHAWl.  ||«'lttM(t     «|| 


I. If. 


.^1 


th«  hydrtichlaric,  b«s  MCaC  Am 

tt  light  yohim  prM>i)»luu.  >«I«M«  «» 

jKiUsttolved  ill  ftlrung  niUpburic 

H^^jftdde^l,  A  lino  blue  color  In  pMjncad, 

dlaapptiani* 
T&ntmliL-  (txi<l«  fiiHtvl  with  mlrrmmmlc  tali  |a  fM^v  AA»M|nri 
clear,  oolorh-Hs  ultut*,  Mhii;h  .!imi«  noi  lum  m4  mb  ^U^CZ  u 
I,     WUh  Ixtrnx  It   iiUn  runnK  ii  1rnn«t«nnTt  fl^    • 
opotiue  hy  interrupted  bhiwiiig,  orjtamun^. 


I 
4 


^iBtl 


NIOBItrM,  or  COLnMBITTM. 
Atomic  wi-iL'ht.  9i.    Symbol,  ^h. 

TRVmAlal,  didcnrcrtvl  in  ISOl  hv  Hnt^'lr'it.  In  Aiav. 
^«s  lilcewise,  nasfK-intcd  wilh  tantalum,  in  oolniii 

d  in  most  tHntalit*^  ;  also,  aBftorlated  with 
all  quantities  of  other  mrtolH,  in  Silwrtan  a 
yttfoilniHnitft:  nlw  in  pynwhlore,  euxenite,  ftn 
frtmt  Saters'iilt-n  in  NorwHT. 


•  For  mnrt*  /-omnlHe  nethodt  of  preparation,  «»• 
try,  rol.  v.  p.  Be*. 
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Tlie  mifUl,  obtain^  iu  tbo  Haruti  niaaD«r  u  UiUaIuiu,  is  a  iilack  povU^, 
which  oxidiiMi  with  iiicaiidt'»cc*iic«  wUt^u  h^'atrd  in  Lki- sir.  It  divauJrr* 
In  hot  h^^drofloorio  at'iU,  wilit  erulutiuu  of  li.vdrogen,  ami.  At  ciMliiiafj 
|*4iti)H<rAlurvs,  in  a  mixture  of  hy<irt>duuric  aiiU  nitric  acid;  bJuwIjt,  aba, 
trhcn  hcattwl  with  strong  «ulpliuric  acj>l.  It  is  oxidliMrl  by  fuiiion  viib 
Arid  ]Mita«t«)iim  »n]phi>t<',  ami  gradually  (xinvfrttnl  lutu  potasttiuui  iuu)iftl« 
tty  fuNiiJii  Milh  ptttoM^iiiiu  hyitrale  vt  carbotiiiti;*. 

Nt(}t>iuni  in  ijiiiiKjuivaleDt,  aud  fonik^  only  oue  cloaa  of  compouud«i 
aaujvljr,  a  chloride,  KbUl, ;  uxide,  Nl»/>4i  uxychloriUe  NbOCl^,  etc, 

nioblo  Ozlde,  Nb,0^,  in  fomMyl  when  llie  metal  bariia  tn  tli«  air.    U 

In  jiri-{(itrt4)l  In'iu  citluiuhite,  ulc*,  by  funiug  thu  K-vigati^  miii«ral  in  a  pla- 
tliiniu  crucible  with  tj  or  tj  partd  of  a^-td  (Mjtaei»ium  sulphate,  relDoril|( 
»')ubh^  Maltu  by  lK>ilii)g  thv  fU9«:(l  mofts  with  wat*?r,  di^*rbting  th«  r«aldDe 
With  attiiiMMituui  vuljihidu  to  dissolw  tin  aud  tuugetvii,  boiling  willi  ftnrttg 
bydnx-.hhirii;  mtid  to  rmnuvu  iron,  uraitium,  and  other  zuetalfl,  and  llnally 
WHNhiiiK  with  walor,  Niubio  oxide  i.t  tliuH  obtained  generally  uiixc-d  with 
taiitallc  iixldf,  fioiu  which  it  iit  Kepuratist  hy  iiieaiu  of  h>'drof;eii  and  (NtlAJ^ 
ilum  lldurldi.-,  IIK.KK,  which  cunvcriti  the  tanlolum  into  sparingly  soluUe 
|)idJtiiMiinit  tantalolliiuriilr,  'JKF.TaF^,  and  the  ulubium  iulo  «aaily  aolnUt 
|HiltiMMium  niolioxy(luon<lf,  2KF.Nb(_ll''g.Aq. 

Nioblo  oxidtt  in  alitu  produced  by  decoiupoeing  niobic  chloride,  or  oxy- 
flbluriibt,  with  watiT  ;  whtMi  pure  it  lias  a  up^HMfic  gravity  of  4.4  to  4.5.  U 
U  an  atiiil  oxide,  uniting  with  boaio  oxides,  and  ionuing  nalta  cnll«rd  n  io* 
tiatoH,  fiouii)  of  wUi(ib  occur  as  uatural  mlnernlti :  colunibite,  for  example, 
iH'litg  a  f(*rro-nmn^uiiuuti  nlobate.  The  ftfitu.-*»iiint  niobata  erystaltiite  rra'lily|.. 
ami  in  well-drllned  forum.  Mnrignac  han  obtained  ihe  galls  4K|0.3Nb,0| 
iMA'i.  cryHtalluiuK  tn  Uioniuiinic  pribnin  ;  MC,0.7Nb/\.32^\q.  iu  pyratuii' 
nMMUK'llnlu  'i,)MtiilH;  IlK,it.*J.Nl>,<)^.13A(j.  in  rhi'UiUiidul  prihniri  ;  and  E,l>a 
;iNb/i^.A<i.  uM  u  pulverulent  precipilnte.  by  Ixdling  a  Bi'lution  nf  potasaiaiql 
lllnlHiiiylluoridt*  with  ]M>iAMHluni  cnrlK>nnte.  The  twtium  niUntUa  are  cry*-, 
talltnx  iMiwilern  whinb  diHioiii|H>tfti  during  washing.  There  is  aldo  a  sodluitfl 
and  tNita«aium  niobale,  contalulug  Na|L>.3K|U.3IS'b,0}.9Aq. 

Wloblo  Chloride,  NIK'I,,  U  «d)lained.  t.»getlier  with  the  oxychloride,. 
by  lit'nllng  un  Intliiiate  lulxturo  of  niobic  oxide  and  chnrooal  in  a  strea 
t.r  I'lil.irln..  g'"*-  1*  '*  ynfiw.  volatile,  and  easily  fusible.  It*  oliservi  ^ 
Vft|Mir-deniilty,  acwirdingbi  Devillu  and  Trotwt,  is  it-U  referred  to  air,  or  138-#i 
feforrwl  to  )i>dnigim  an  unity  :  by  calculation  for  a  Iwo-volume  condenaa- 
llon,UU***-t*><??'^—  137.7S.  The  orycAtoocfc,  KbOCl,,  is  white,  toIa, 
tita,  but  not  ftmlblc  :  ita  »j)ocifio  ffrarity,  referred  to  hydrogen.  U  by  ob- 
•..rvation,  1  U.OO ;  by  calrulation,  *!i±ilit -^-^^^'srlOD.^o.  Both  Umsm 
efitnpoundff  are  wtnreri*"?  by  water  into  nioblo  oxide. 

Nioblo  Oxyfluorlde,  KbOP,,  Is  formed  bv  diflMving  niobic  oxide  in 
bv.lrMrtio.rle  acid.  It  unites  with  the  fluoride*  of  the  im.ro  basic  meUla, 
f.irtnhiK  ""U"  UmnnrpKoun  with  th«  tilanoflnoridi'S,  Kinnnofluorides,  and 
l«ngiiliinn..rid^fi.  1  atom  of  oxrgen  in  these  nnUs  taking  the  Pj»«*  «  ^ 
ati^uiff  nf  flunrlm..  Marlgnae  ha*  obtained  Are  |K»ta*»iuui  nioboxyOuorldM, 
all  |w»rf<H'tly  eryntallU*'*!,  namely: — 

aKP.MiOKiAq.,  oryatallUing  In  inono«ilmir  plates, 
SKV.NliOK,  "  ruboid  ft.rnin  (nyHlem  undetermined), 

SKK.IIK.NMlFi  "  nionoelinir  ii.-*-dl.fi, 

5KK.3NW>KvAu.  '*  bexncminl  v'"*""*'*. 

4KP.3Nl»OF,.3Aq.         "  Ir* 
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fhtaisiiuH  ntotniflHorid*:,  SKF.NliF^,  s^paratxB  intiUining  monwUnio  ue«dlua 
from  a  sulutiuu  wf  the  llret  of  tUe  iilxive'inei)ti«m<.-'l  nioU»x/lluoriilif»  in 
hyilruttuoric  acid.  Niulmx/tluoriiUM  uf  aiuiuuiiiutu,  Budium,  2iuj,  aiul 
oopp«r  have  also  Iwen  nbtuiiit^. 

The  isomorpliittiu  uf  Uiumc>  salts  with  the  aUumofluoridue.  titAnnfluoridea, 
and  lungalolluoridett.  showa  cU'ftrly  that  the  tjxiateuw  nf  utuuinrphibui  Iw- 
lwe«n  the  (X>rre»i>oiiding  oomjwuuda  of  any  two  fleiui-nltt,  luusl  not  b« 
UkeD  M  a  Ut'ciil*.'*!  proof  that  tliost;  elemuuta  are  of  eijual  atomicity  :  for 
in  tho  oa«e  now  under  cousidoratiou,  w«  havi*  i»umorphouA  salu  formed 
by  tin  and  tUaniiim,  which  are  tetr;u1»,  niobium,  which  is  a  pentad,  and 
tangBt«n,  which  la  a  bexad. 


Th«  oumpoantla  of  niobiara  cannot  vaaily  be  miataktm  for  thoaa  of  an/ 
other  ni<-tal  cxcopl  tantalum.  The  most  oharactcriutio  rcactiona  of  uiobatvS 
and  tautaUlus  with  Ui^uid  reagents  are  the  following : — 


i 


JBydrochlorio  avid  . 
inmoniuui  chloride 


otasaiam  ferrocyanido 
ferricyauitle 


Infatfion  of  galla 


White  precipitate,  in- 
sohiblo  in  vxorHS. 

Precipitation  slow  and 
iiuiuuiplete. 

Red  pfLMiipitate. 
Bright   yellow   precipi- 

Ute. 
Orange-red  precipitate. 


Tanliiiatti. 
White  precipitate,  sola* 

ble  in  excess. 
Complete    precipitation 

aa     acid     amniunium 

tantnUte. 
Vtdlow  pri-'oipitate.. 
White  precipitate. 

Light    yellow    prcoipU 
Ute. 


Niobio  oxide,  heated  with  borax  In  the  outer  blow-pfpe  flame,  formR  a 
cnlorU>8s  lH*ad,  which,  if  the  oxide  is  in  »ufflL'i(>iit  quantity,  becomes  opafgue 
by  iutfrrupl»*«l  blowing  or  Itaming.  In  micriMwiiirnii;  Halt  it  Hijisulvcn  Abiiinl- 
antly,  forming  a  cttlurli*»e)  t»**ad  in  tin*  outer  flame,  and  in  the  inner  a 
vinh't-colonHl,  or  if  llu*  Iwnd  i-*  ttnturattnt  with  the  oxide,  a  beautiful  blue 
buad,  the  color  Uidapi>earing  in  the  outer  flauu. 
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CHROMIUM. 

Atomic  weight,  6i.2.    Symbol,  Or. 

CHBOMirM  Is  found  in  the  Btatf  of  oxide,  in  comMnatinn  vrith  Iron 
iu  aoniA  nbundanco  in  the  Sht'tiuiul  l»ilun<lH,  and  •'iKdwhtri? :  ob  U 
oliromAte  it  oonstiliit^-a  a  wry  beautiful  min.'ral,  from  which  it  was  fii 
obtained.  TIk*  m«*tal  itsidf  is  propartKi  in  a  half'fust<d  condition  hv  uii 
ing  the  oxide  with  half  its  weight  of  cliarooal  powder,  ineIosin|<  ih'i?  _ 
tur«»  in  a  crucible  lined  with  charcoal,  and  then  sabjeottug  it  to  tbe  »* 
highe«t  h(*at  of  a  iMWvrful  furnace. 

Dorillo  has  prcpare<l  metallic chrominmbT^redurinfi;  porpehrtimium 
quioxido  with   an    intiufTiuii'nt    tjuantitv  of  chariKtal.  iu  a  lime   crndb 
Thns  prepared,  metallic  chrumium  is  Ie»«  futdUe  than  platinum,  and 
hard  as  corundum.     It  is  rnadily  aclt-d  ujton  by  dilute  hydrochlnrie  aci 
lesa  BO  bv  dilute  sulphuric  acid,  and  not  at  all  bveonrenlrate<l  nitric  a<* 
FrAmy  obtainMt  chromium  iu  small  cubic  cr^-stals.  by  t)ie  action  of  tmilii 
vapor  on  clirnmium  trichlori  )o  at  a  ri'd  lieat.     The  rrjr»tAlline  rbroiuioi 
rtniata  the  action  of  concentrated  artds,  even  of  nitro-muriatio  acid. 

Chrominm  forms  a  hcxflnoride,  OK,,  and  a  corresjx'iiding  oxide, 
anahipma  to  sulphuric  oxide  ;  also,  an  acid,  H,CrO,,  analogous  to  »ul])hui 
arid,  willi  t*orreiipoudiD((  salta,  Oie  chromates,  whieli  are  iHiimorpliouh  «i 
the  Knlphat*-fl.  In  its  other  compounds,  chromium  resembhH  iron,  fon 
ing  the  chromic  comiwunds,  Cr,Cl,,  Cr,Oj,  etc.,  in  which  it  la  apparent! 
trivalent,  hot  really  q^uadrivalenl,  and  Oits  chromoua  oom|K>UDda,  CrCl^j 
CrO,  etc.,  in  whiohit  ia  blraleut. 

Chlorides.— Till*  tUchlorUh^  or  Chmmous  rhloritle,  CrCl,,*  is  pl-cpared  hy, 
heating  the  violet-colori^  trichloride,  contained  in  a  porcelain  or  glass 
tiit«;.  to  redness  in  a  current  of  perfectly  dry  and  pure  hydrogen  gaa  : 
hyflrtwbloric  acid  is  then  disengag&l,  and  a  white  foliated  mass  is  ohtaine<l, 
which  dissolves  in  water  with  great  elevation  of  temperature,  yielding  a 
btiin  solution,  which,  on  exposure  to  the  air,  alsorbs  oxygen  with  extraor- 
dinary energy,  aoijuiring  a  deep-gre«>n  color,  and  passing  into  the  8tat« 
of  chromic  oxychloride,  Cr,rV'''i*^s-  Chromons  chloride  is  one  of  the 
tiuMt  powerful  riMlncingnr  deoxidizing  agents  known,  precipitating  ralooiel 
fruiu  a  Mohition  of  mercuric  chloride,  instantly  converting  tungstic  oeit 
Into  hlMf*  tungsten  oxide,  and  precipit4iliug  gold  from  a  nolutiuu  of  auri 
chbiride.  It  formx,  with  ammonia,  a  sky-blue  pn>npimte,  which  turns 
green  on  ex(>«>)iure  to  tho  air;  with  ammonia  nn<l  sal-ammoniac,  a  htue 
iSolutlon  turning  red  on  exposure  tothe  air  ;  and  with  nmmunium  sulphidv, 
|ft  black  preoipitate  of  chromous  sulphide. 

Thi^  trirkhriih^  or  Vhrotmr  rMoride,  Cr,Cl„  is  obtained  in  tlie  anhydroi 
Btalti  by  beating  to  r<*drh>sg  in  a  porcelain  tube  a  mixture  of  c)ironiium 
quiitxide  and  charcoal,  and  passing  dry  chlorine  gaa  over  it.  The  Irichlo- 
ride  subJimeM,  and  is  dv|H>sited  in  the  cool  pari  of  tho  tuln*.  In  the  form  of 
Ih'auiifiil  rrVNtAlbno  plates  of  a  pale-violet  eoU>r.  It  is  totally  intiolnble 
in  water  under  ordinary  cirrum-' ■""■■-  -vmu  al  the  Uiiling  heal.  It  dis- 
•olveM,  bowvver,  and  assumes  II  •  "n  Lrdrated  stata  iu  water  oon- 
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tatniog  an  exoeedlsgly  minuto  qnautily  of  tho  dtchlorido  In  aolullon.   Tltn 
hydration  U  nuukctl  by  Ibu  ovuftilion  uf  miuli  h*<nl. 

The  gre«n  hydrAted  cbmmic  cJiloridn  U  t^Mlly  fnrinoil  liy  ilUiinh'litg 
chruiniu  hydrate  iu  hydrochluriu  Nuld,  or  by  iKtilliig  load  rhrcTiial*',  nr 
silrer  cUromAte,  or  a  Bolntioti  of  chromic  Aoiii,  with  hydnit?hb>rli)  Hold  Hiid 
A  reducing  agent,  such  oa  Aloohut,  or  aulphurouii  otiid,  ur  uv«u  with  Uyiita- 
cUlorio  acid  oloae  : — 

2CrO,  +  12lia  »  Cr.Cl,  -f-  6n,0  +  Cl^ 

Th«  acrilation  tlias  nbtAinetl  rxhtbttA  thr  aArnf*  charanlprii  m  Iho  plimmtfi 
ozyg«>n-salts.  VVhftt  «'V»;K)ruti'^l,  it  b'ari'ti  a  dark-^rri'ii  Dyriip,  whloli, 
wb«rn  beat«d  to  10<P  in  a  BtrcAioof  dry  Air,  yltdda  a  gri»in  mAiia  (yfiiiAlniiifi 
Cr,Cl,.9Ii,0.  Th»i  SAiiia  Hultitiun  «vA(Mirftt<?0  In  a  vacuum  yiulda  i^nxm 
gXAnulAr  cr^fltAls  containing  Cr,Cl,. H,(>, 

Flnorld**.— The  triftwund*,  or   Chmmit  fwtrid*,  Tr^-,  fa  obUlnraS  lijr 
treating  the  dried  Aeaquinxidc  with  hyilrotluorlr  at^id,  Ami  otrviifcly  bf^AiIng 
the  dried  maae,  as  a  dark-grv^'n  nulwtamx,  wlitib  mrltji  at  a  bigh  turii|in- 
anbtimu  when  atill  more  atrongly  he&tud»  In  abiniug  n^nlar 

Tb«  kujimt  f A,  TrF^,  i»  fomuxl  by  dlAtUilng  hiad  chrotnaU  wlih  flow- 
ad  Coaing  oil  of  ritriot  In  a  leaden  rtft/irt,  and  trtmdwiainc  tiM 
is  m  cooled  and  dry  leaden  reoelrer.  It  XJUvn  ovadvaaw  to  A  Gloiid* 
red  Amm^  liqaid,  which  roLatiliica  when  lu  t«riu|i*rAturM  riaM  «  Um 
hanker.  Tb«  rapor  ia  rod,  and,  when  ifilial«il«  Drudaew 
_  '  HrYctw  oppreaaka  «f  th«  lua^  The  kraflooride  la 
poMld  ty  VAler,  yielding  hydn«Mrifl  aftd  \hmmiv\  acida.  A  flaorMaw  te- 
teaoapoKlMia  hetveea  tha  Ivo  )««  dwfM-ad.  i>  i^datoal  to 
fcy  iiLiii|iiiH  tta  hwara  dlwdde  to  hjfim^wat^  mM.  tW 
te  fed,aad  jftildi  hfwwfmMim  >  wai  wiafd  aOl.  «IMi  to 
vitkwt    lifriM   Iv  v^iv,  AMd   j>    iailil  i   U»v« 


e  a .— Chrrnmam 
OrOy  tbu  fir«i  ihrea 

,  or  CkromauM  omlf,  CrO,  la 
ol  Aronioua  ohlorido,  aa  a 
to  deep  fozy-rwl,  with  dlaengageiaeol  ef 
isto  a  higher  oxidM.     t.'broinoua  oxide  ia  a  povOTfod 
Una  ialta,  wbioh  abitorb  oiyK*'"  with  extrana  aridiay 
•alph&te  bAA  the  oouijKiaition  CrKgCSOf),.^!!/),  Ukm 
of  the  fiomo  grniiji. 

ittTvtidr.,  f 'r|(\  «  CrO.Cr,0|,  la  tba  above-menUooal 
precipitate  pruluccd  by  the  aotiuii  of  water  upon  tha 
ition  la  not  conipletu  without  lioiling.     Thia 
nagnetiu  oxide  uf  iron,  and  is  not  aaliflablo. 
Stm/uioxitU,  nr   CUramic  oxule,  Cr,0,.— Wlitui   mt;icuruui 
ed  by  mixing  solutionB  of  in*»rciirou«  nitrate  and  p<i 
diehromate,  is  expoawl  to  a  red  hual,  it  is  dtM»mpoaed, 
loioxide,  baring  a  fim?  groen  ordor,  romaiiiing.     In  I" 
like  alnmlna  after  ignition*  Insolublu  iu  aoidN.     The 
ide  may  W  iirepnrod  in  a  beautifully  rryKtftllino  fona  ly 
m  dicbroniftte,  K',n.2Cr(>,,  to  full  rwlnwft  in  nn  earthe* 
t  of  the  cbrumium  trioside  contained  in  lluit  baU  '" 
poaition,  oxygen  being  disengaged  and  aeAquioxide  Icfl 
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\s  then  trpat4>d  with  water,  whirh  diitiitnlTcB  nat  nentral  poUttsiam  cbr» 
mate,  anil  the  oxidv  is,  laatl^,  wuhcd  and  driod.     Chromium  <..--i..ii>.,M.L# 
couuuUuicuUrs  A  fine  greeu  tint  to  g;iaM,  and  is  usod  iu  enjuii< 
Tho  orjslalliue  Beequioxide  is  employed  in  the  m&imfacturti  of  r. . 
From  A  Dolotiou  of  chrumium  veiiiiuiuxide  iu  putiuh  or  soda,  gnrvu  ^rli 
tinous  hydrnte^l  sefiquioxide  of  chromium  in  acparatcni  on  standing.    Wlielj 
lln«)ljr  piiwdcreil  and  drieil  ov^r  sulphuric  avid,  it  eouijttita  of  Cr,0,.UII,i 
A  hydrate  luajr  aUo  be  prepared  by  boiling  a  •ooK^nhat  dilute  tiolutioa 
potaaaium  diuhrumnt*.',  strongly  Aiiilulali-d  with  hydrochloric  a4.id,  nil 
Biutll  suoCKSSiTe  portions  uf  »ugar  ur  alcuhul.     In  th<*  funutT  ca»tt  carl 
dioxide  iwcapes :   in  thif  latt«T,  aldehydu  and  abto  a^u^lic  acid  &r^   fomuv 
and  llio  chromic  acid  uf  th.e  salt  beuomes  convcrlMl  intorhrumiiini  trichU 
rldu,  thu  color  of  tliu  liquid  chaugiug  from  rt-d  to  devp  grcvn.     The  reduc 
tion  may  also  Xhs  efrvcti^l,  as  aln-aily  obtturved,  by  hydro<.hlorio  acid  ale 
A  Blight  L'xeoss  of  ammonia  precipitate^  the  hyib-ate  from  it«  solution. 
hoH  a  j>aU4  purpliith-grifen  color,  which  becomofl  full  gnwn  on  ignition  ;  &' 
groat  Hhrinktng  of  voluum  nnd  suddim  inoandtiMenoe  Arc  obtK:rved  wh«n 
the  hydrate  is  deoomix»«l  by  boat. 

Chromium  a«*8quioxido  is  a  wt^iak  bone,  reiMmibling,  and  isomorphouit  wit! 
Iron  84U4i]nir>xidit  and  aliinnna;  its  saltn  (trlLrouiic  salts)  havu  a.  grv^^n 
purple  color,  and  aro  said  to  he  poisnunus. 

t'hroHiic  guJp/uMtp,  (.i.'T^)OSi\)^,  it  prepared  by  dissolving  th«  hydratvd 
ide  in  diluto  sulphuric  acid.     It  unitos  with  the  salphatvs  of  potastsiuii 
and  ammonium,  giving  rit*e  to  m:ignt[icinit  doubl«  salts,  which  crvHtallUoj 
in  ri'gular  oi'tohwirona  of  a  d^^-rp  clarct-colnr,  and  p««»f>«8  a  oouKtitutiu 
rcst'inblin;;  that  of  commnn  alum,  tUff  aluminium  being  replacttl  by  rUi 
raiiuu.     Tliu  ammonium-9>alt,  for  example,  has  tho  compouiliou  Cr"'(>'U^ 
(SOJ,.  l2Aq.     The  finest  crystals  are  obtaincfl  by  spontaneous  eraporal 
tho  fKiliitinn  being  apt  to  bo  docompoBrd  by  h«*at. 

Tlie  dioxitle^  CrU„  which  is,  perhaps,  a  chromic  ohromale,  CrO,.Cr,Oj,, 
a  brown  sulietanco  obtained  by  digesting  chromic  oxide  with  cxfvww  uf 
ohromio  acid,  or  by  partial  rodaotion  of  ohromio  acid  with  alcohol,  Bulphur- 
oua  acid,  etc. 

Chromium  Triozlde,  CrO, :  in  combination  with  water,  forming  ITtm- 
viic  miJ,  CrO3.H./)=H3CK\  =  (Cr0,)"(0ll),,     WheniiVi-r  chrominm  ses- ^ 
quinxidi*  is  strongly  healHil  with  an  alkali,  in  contact  with  air,  oxygr^n  iS'H 
alKorb«d  and  the  tHnxide  generatod.     Chronrdum  trioxide  may  be  obtained  I 
nearly  pure,  and  iu  a  slate  of  great  beanty,  by  mixing  100  measures  of  a 
cold  saturated  solution  of  potasnium  dtchromattf  with  150  Diea8nrT>s  of  oil 
of  vitriol,  leaving  the  whole  to  cool,  pouring  off  the  mother-liquor,  aud^B 
Ii'-aving  the  crystals  to  drain  upon  a  lllo,  closely  covered  by  a  glnss  or  helU^f 
jar.     It  is  also  formed  by  decomposing  the  hi'xfluoride  with  a  small  quan- 
tity  of  wat«'r.     Chromium  trioxide  crystallizfs  in    brilliant  crimson-red 
prisms  very  deliquescent  and  soluble  in  water:   the  solution   is  instanllj 
reduced  by  contact  with  organic  mattw. 

Chromic  acid  is  bil>a8ic  and  analogona  In  composition  to  sulpharto  acfd; 
Its  aalta  are  iHornorphons  with  tht*  Porresi>nnding  sulphates. 

Ihfasn'vm  e^ronatr,  K^CrO^  or  (Cr(>,)"(OK)j. — This  Palt  is  made  dlreetty] 
from  the  native  rAronrfci'ren  or^,  which  is  a  ronipoimd  of  chromium  sewqul- 
Axide  and  f«irroiia  oxide,  annlojions  to  mngn»'!ir  iron  ore,  by  rnlcinntinn 
with  nitr"  or  with  potat^sinm  enrl)oiiatrt,  or  with  canntie  potash,  the  or«i 
being  redoc<>i)  Ut  ]Miwder  and  henbtl  far  a  long  liioo  with  th**  ulknM  in  a 
revcrl»**riUnry  furnare.  Tho  pri^lnet.  when  treated  with  water,  riidila  m' 
yellow  solution,  whieh,  by  fvnporftllon,  de|Kisits  anhydrous  rrystaU  of  th^ 
•ama  oolor,  isomorpho^a  with  potassium  sulphate.     PoiAsslum  chromato 
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has  a  cool,  bitter,  and  diaagreeable  taate,  and  dissolTM  in  2  part«  of  water 
At  10.f.o. 

Jhtttjuiium  ditknmtate^  or  anki/dnichromaie^  K,0,2CrO,  or   KjCrO^.Crf),.— 

Wbdi  Hulphurio  Ju*iil  U  luldoil  Ui  thi>  jjrt^Oixling  unit  iu  miWiTutt!  quantit/^ 
onv-huir  uf  th«  Uaku  U  rvmuvod,  ami  tliu  Dt'utral  oliruiaatu  (xnivurtcd  into 
dichri>n]at«.  Thisa&lt,  of  wlik-h  iuiuimisu  q^iiaiilitirti  are  manufacturf<l  fi>r 
UHv  iu  ibe  arts,  or/staiUxc0  by  hIow  ovaporatiuu  iu  bi'autiful  retl  tabular 
vryataU,  ileriviid  from  a  tricliiiic  priHiu.  It  meltji  wli^u  heated,  aud  ia 
aoluUv  iu  lU  parts  of  ivati>r;  the  aolutioii  ba^  au  ucid  reucUou. 

yWu«fltiuN  trichtomttif,  K,(.».3CrO,  or  KjC'rti,.2C'rf>,,  luajr  be  obtained  in 
orj'atals  \*y  dJstiHitring  tho  diubrumate  iii  ao  aqoeoua  aoLuiion  of  chrooiiu 
auid,  and  leaving  it  to  evaporate  over  sulpburic  acid. 

LrtMJ  chr0nMU^  PbCrO,. — TbiH  aalt,  tU«  clirotHr-yfllow  of  tho  painter,  Is 
obtaluMl,  as  a  brilliant  ^i«llow  precipilato,  un  mixing  golutions  of  potua- 
aiuiu  cbminute  or  dicbroDiattj  witb  lead  nitrato  or  acvtut<-\  On  bf>iling  U 
vritb  liu)t>Hat<*r,  one-half  of  the  acid  !»  withdrouii,  aud  a  basic  lead  chro- 
jnaU'  of  an  (>rang«-red  colur  left.  Tho  luisio  uliriuiiatu  in  also  formed  hy 
adding  b;ad  cliriiinato  to  fused  nitre,  and  afturwardx  iliaai>lviug  out  the 
Buliiblti  unltM  hy  water:  tbe  product  in  crystalline,  and  rivaU  vermilion  In 
btauty  ot  tint.  The  yollou  and  orange  chrouio  ixtlors  ore  tlxod  upon  cloth 
by  alternate  application  of  the  two  solutions,  and  in  the  latter  oa«e  by 
ing  the  dyed  tttulT  thruugh  a  bath  of  boiling  lime-water. 

ailver  cAnmuUe,  Ag,<.'K>^. — This  salt  is  precipitated  aa  a  reddish-browD 
powder  wh<!U  mdiitiiiitB  of  potaHxium  cbrnuiate  and  silver  nitratn  are  mixeii. 
It  ditiholrtti  in  hot  dilute  uitrlo  acid,  and  iicparait«,  on  cooling,  in  dmatl 
fU  by-red  platy  rryslals.  The  chromatea  of  barittm,  =inc,  aud  mercury  are 
luble;  the  first  two  are  yoUow,  the  last  is  brick-red. 


I 
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Ferchromlo  Acid  is  obtained,  according  toDarrcawil,  by  mixing  chnv 

luitl  with  (liliitf  byrlr»gtfn  dioxide,  or  potoi^sium  di«;briiuialu  with  a 

dilute  but  very  acid  Buhitimi  of  barium  dioxide  in  bydrm^liloriu  acid;  a 

liquid  is  then  formtnl  of  a  blue  colur,  which  Iti  removeii  from  the  ac^ucoua 

■  --^■olation  by  ether.     TbiR  very  uiiHtuiilo  compound  has  perhaps  the  oompo- 

■Himiou  U,Cr,0^,  or  Cr,0,.l],0,  aualugoua  to  thai  of  permanganic  add* 

Chromium  Dioacydichloride,  or  Ckromyl  du-hiurUU^  CrO|Clf,  oommonly 

eal1o<l  Chiorochromc  arid. — When  ^  parta  of  j>ijla«t«iiuu  dichrouiate  and  U 

parta  of  wnmnon  salt  are  intimately  mixed   and  introduced  into  a  amalt 

glass  r*»tnrt.  9  parta  of  oil  of  vitriol  ihvn  adde*!,  and  heat  applied  aa  lung 

dense  rod  vapors  arise,  this  compound  passes  over  aa  a  heavy  dei-p-red 

[uld  reaerobling  brnmme:  it  ia  di-crmiiMmcd  by  water,  with  production  of 

iTomift  and  hyilroobloricacidfl.     It  in  analogous  to  tho  so-called  uhlori>. 

molylKlic,  chlorolungstic,  and  cblorr-snlphuric  ncida,  in  oompoeitlou,   and 

^Jn  the  producU  which  it  yields  when  dcwmptiwed.     It  may  1«  regardjsd  as 

^^brmtsl  from  tho  trioxido  by  aubatitntiou  of  CI,  for  O,  or  from  cbnnnic  acid 

^HCK)3>(UU)„   by  flubfititution  of  Cl^  for  (Oil),:  also  aa  a  ctnopound  of 

^^Ebromium  hejcchloride  (not  known  iu  tho  separato  state),  with  chromium 

^Koxide:  CrCV2rrf>,  =  3CKl,CI,. 

^"  Trirhromyi  tUvkln-ide,  ({'rO,)/:],  or  CrO,a— CrO,— GrO,a,  Is  formed  by 
heating  thn  preiNMling  oom|iound  to  l^O^-'-IiUlo  in  a  sealwl  lube:  3Crt»,Cl, 
=(C'r<i,),n,-|-Cl4-  It  is  a  black  ni»n-<Ty»talIine  powder,  which  deliqut^scua 
rapiilly  in  th«  air  t*i  a  dark  reddish-brown  syrupy  liquid  smelling  of  fri*« 

Cift.    When  gently  healed  in  hydrogen  gaa  it  taki'S  tire,  and  ia  rwkilvod 
iromium  seaquioxide,  hvdrouhluric  acid,  aud  water: 


iUactianM  of-  Chrrnnium  eompfntJulM. — A  solntion  of  chromio  <dilorido,  or  a 
chromic  oxygen  salt,  ia  not  precipitatfd,  or  cliaugud  in  asiy  way  by  hydro* 
gen  sulphide.  ,4»ii/HftMiu/ii »»//»/»«/«  throws  down  a  grayish-pr«'i»n  prpt-ipitat« 
of  chromiii  hydratt-.  Caustic  jixtd  u/kalifs  also  precipitAlo  th*j  hydraicd 
oxidti,  Olid  diMjolvti  it  uaiiily  when  add«d  io  exctfM.  AmmomiOf  the  mD«, 
bat  nearly  insoluble.  The  carbanates  of  potasaium^  sodium,  and  fliWMowiiiw 
also  throw  down  a  green  precipitatv  of  hydrat«,  Blightly  soluble  In  a.  Iftrge 
excess. 

ChromouR  ftalts  are  bat  rarely  met  with ;  for  their  reactions,  see  Chromiuni 
dlchloridc,  p.  4()8. 

Chrotiiio  aoid  and  its  snlta  arc  easily  rMwpninsd  in  nolation  by  forming 
pale  yellow  precipitate  with  ixirium  aalta^  bright  yellow  with  lead  ^ali 
brick-retl  with  tnercurou»  aalts,  and  (Timi^on  with  «i7t*cT  miJtt;  also  by  th 
capability  nf  yielding  the  green  neaquioxido  by  ritluction. 

All  chromium  oompounds,  ignitt?d  with  a  mixture  of  nitre  and  an  alka- 
line carbonate,  yield  nn  alkaline  ehroninte,  which  may  be  difisolred  oat  by 
wator,  and  on  Iwing  neutruliaod  with  aoetio  acid,  will  give  the  reactions 
Just  mentioned. 

The  oxides  of  chrominm  and  their  salts,  fused  with  Itnrax  in  either 
blowpipe  flame,  yield  an  enu'rnM't'''een  glass.  The  same  character  is  ex- 
hibited by  those  salts  of  chromic  acid  whoue  ba^es  do  not  of  themselves 
impart  a  decided  color  to  the  ben^l.  The  pnxluctiun  of  the  green  color  in 
both  flames  diMtinguiflbes  chraniiutu  fruni  uranium  and  rauadiom,  wMob 
give  green  beads  in  the  inner  flame  only. 
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Atomie  wvigtir,i:-iO.    Symbol,  V. 


Tnis  metal  is  found  in  a  few  minerals,  as  pitchblende^  which  is  an  ozldef 
and  uranitf,  wliich  ia  a  phosphate;  the  former  is  its  principal  ore.  The 
metal  it&eU  is  iBulaicil  by  deooinposing  the  chloride  with  potassium  or 
sodium,  and  is  obtained  as  a  bloclc  coherent  powder,  or  in  tuavd  white 
malleable  glohub^fi,  act-onling  to  the  manner  in  which  the  process  is  con- 
ducted.  It  is  pLTmanent  in  the  air  at  ordinary  temperaturt*s,  and  does  nut 
d<<oompoBe  water ;  but  in  the  pulverntcnt  litate  it  lakes  lire  at  2l>7<^  C. 
(4^.6^^  P.)*  burning  with  great  splendor  and  forming  a  dark-groon  oxide. 
It  unites  also  very  violently  with  chlorine  and  with  sulphur. 

Uranium  fnmia  two  classes  of  compounds:  viz.,  the  aranous  com- 
pounds, in  which  it  is  quadrivalent,  «.<?.,  UCI4,  UO„  U(S04Jt,etc.,  and  tho 
nranio  compounds,  in  which  it  is  sexvalent,  e.g., 

U0„  UO,CI„  U0,(NO^„  UOjCSOj. 

Tliere  are  also  two  oxidep  intpnne>iialfl  between  nranons  and  nranio 
oxide.  There  is  no  chloride,  bromide,  iodide,  or  lluoride  rorresjKjnding 
with  nranio  oxide,  such  as  UCl,;  neither  are  thr're  any  normal  uraiiio 
oxyaalta,  such  a^  l^^^a)**  ^H^^\)st  ^^c*  :  ^'"t  "ll  f^"  nrante  salts  oonlain 
the  group  UO,,  which  may  be  regarded  as  abivaleut  radicle  (uranyl),  unit- 
ingwith  acids  in  the  usual  prop4irlionSj  and  forming  normal  salts  ;  thi 


Uranic  oxide  or  Uranyt  oxtde  . 
Uranic  nxychluride  or  Trnnyl  chloride 
Uranic  nitrate  or  Tranyl  nitrate 
Uranic  solphate  or  Uranyl  sulphalo 


<U0,)0 
(l'0,)a, 

(UO^OO^, 


This  view  of  the  composition  of  Dm  iiraniu  salt  is  not,  lioweTcr,  easen- 
tial,  BixitM  thvy  may  aliut  be  formulaUMi  an  basic  salts  in  the  manner  above 
illuHt^ati^l, 

Chloridea. — Cranmis  ehloritle,  TCl^,  Is  formtH?,  vritli  vivid  ineaiideacenco, 
by  buruiug  uifUvllir  uruiiiiini  in  vhtoriuo  f^oM,  al.su  b/  ij^iiiliiig  uranoua 
oxido  in  hydn.>obluriu  acid  gati.  It  cryBtuUizoii  in  dark-griH;u  r^'gulnr  ocUw 
ItfrtlruUM,  and  di&tolrefl  uaHtlj  in  water,  fonuiuf;  an  tiui(,<rald-gn*vu  itolutiuu, 
which  19  doc(iD)]>osf<l  whi-n  drojiprd  into  boiling  wat<!r,  giving  off  hydro- 
oblorio  acid,  and  yielding  a  brown  pnMMpitato  of  hydratetl  urauous  uxidc. 
It  ia  a  powerful  deuxidixlng  aguut,  reducing  gold  and  nliy^r^  oonverting 
ferric  aalta  into  ferrous  salts,  etc. 

Vranie  oxyckloride,  or  (Jruntjl  chloride,  UO^Cl,,  is  funned  when  dry  clUo- 
rino  gas  is  pasaed  over  red-liot  uranoua  oxide,  aa  an  orange^ycltow  vapor, 
which  Bolidifles  to  yellow  orystallino  fuaibla  mass,  easily  soluble  in  water. 
It  fumis  double  salta  with  tbe  chlorides  uf  the  alkali-metals, — the  poUu- 
siom  salt,  for  example,  having  the  oouiposition,  U0,Cls.2JwCl.:>iU,0. 

Ozldes.— f  VfiflotM  otidt,  l-^O,,  formerly  mistaken  for  metallic  uranium, 
is  ohtainM  by  healing  the  oxide,  l'jl>,j,  »r  uranie  oxalate,  in  a  current  uf 
hydrogen.  It  is  a  brown  powtler,  suiuetinies  higlily  crystalline.  In  the 
&nt>Iy  divided  state  it  is  pyrophuric.  It  dissoivea  iu  acids,  forming  green 
salts. 

UrtinoBo-ttranir  ori'tfe,  UjO^  ^  U0,.2T*0,. — This  oxide  forms  the  chief  con- 
stituent of  pitehblende.  It  is  oblaine<l  artillcially  by  igniting  the  metal 
or  ur'anous  oxide  in  contact  with  tliu  air,  or  by  gentle  ignition  of  uranic 
oxiile  or  uranic  nitrate.  It  furnis  a  ilark-green  velvety  powder,  of  specific 
gravity  7.1  to  l.'.i.  When  ignited  in  hydrogen,  or  with  t<udiuuj,  charcoal, 
or  sulphur,  it  is  re<lucod  to  uranoua  oxide.  When  ignitiKl  alone,  it  yiehls 
a  black  oxide,  LVV  L'raiioso-uranio  oxule  dissolves  in  strong  gnlphuric 
or  hydrochloric  a4:id,  yielding  a  mixture  of  uranous  and  uranic  salt ;  by 
nitric  acid  it  is  oxidixfMl  to  uranic  nitruto. 

L'ranic  cjide,  or  Uiauifl  oxidt,  LO,. — Uranium  and  its  lower  oxides  dis- 
Bolre  in  nitric  acid,  forming  uranic  nitrate  ;  and  when  this  salt  is  heated 
in  a  glass  tulw  till  it  tM.*gius  to  di-coui{>ofie,  at  2jOO,  pure  uranic  oxide  re- 
mains iu  the  form  of  a  chamois-yeUow  powder.  L'ranio  hydrate,  U0|. 
211,0,  cannot  lie  prepared  by  precipitating  a  uranic  salt  with  alkalies, 
in/Lsmuch  as  the  precipitnte  always  carries  down  alkali  with  it  ;  but  it 
may  be  obtained  by  evaporating  a  solution  of  uranio  nitrate  in  absolute 
alcohol  at  a  UKxlerate  beat,  till,  at  a  certain  degree  of  concentration,  nitroua 
ether,  aldehyde,  and  other  vafiors  are  given  off,  and  a  8jx>ngy  yellow  maaa 
remains,  which  is  the  hydrate.  In  a  vacuum  at  ordinary  temperatures, 
or  at  1U(>J  in  the  air,  it  gives  off  half  its  water,  leaving  the  monohydrate, 
tTl^jHjO.  This  hydrate  cannot  bo  deprived  of  all  its  water  without  exp<w- 
ing  it  to  a  heat  suiAcient  to  drive  off  part  of  the  oxygen,  and  reduce  it  to 
nranoso-uranio  oxide. 

Uranic  oxide  and  its  hydrntftS  dissolve  in  acids,  forming  the  nranio 
salts.  The  nitrate,  CL*0j,)"(N'05)^tiH,0,  may  be  prepared  from  pitch- 
blende by  dbisolving  tjie  pulverized  mineral  in  nitric  acid,  evaporating  to 
dryness,  adding  water  and  Blterinp  ;  the  liquid  yields,  by  due  evapora- 
tion, tirystaltt  of  uranio  nitrate,  which  are  purified  by  a  repetition  of  the 
process,  and,  lastly,  dissolved  in  ether.  This  latter  solution  yields  the 
pure  nitrate. 

L'rtumtes. — l'ranic  oxide  nnit^-s  with  the  more  basic  metallic  oxides. 
The  uranaU«  of  the  alUali-metals  are  ohtaimvl  by  pri'ciptlatiug  a  uranic 
salt  with  a  cnustitj  alKali :  those  of  the  earth-metats  and  heavy  metals,  by 
precipitating  a  mixture  of  a  uranic  unit  and  a  salt  of  the  otlier  metal  wvUx 
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anunonta,  or  bj  igniting  a  double  oarbonato  or  acctat«  of  uranium  and  the 
othnr  tnntal  (calcio-urnnio  aontate,  for  t:*xampl(%)  iu  (intact  witU  tlie  air. 
The  uranatos  havw,  for  tho  inoRl  imrt,  tho  linnjKrt^ition  M,0.2L'0,.  Thrjr 
are  jroUow,  iusoluhlt?  iu  water,  soluble  m  aciiJs.  Tlnwe  «liich  ct^ntain 
fixed  baeitti  arn  not  drcniupodfcl  at  u  n-d  heat;  but  at  a  whit«  heat,  th9 
urauio  oxidu  is  ruduuud  to  uruuoso-urauic  i>xido,  or  by  igniliozi  in  bydro- 
gt;n  to  uranouK  oxido  :  Dm  mass  obtained  by  tbiit  luttt  tuvlhod  easily  takes 
firo  in  contact  with  tlio  air.  ^mHwh  urunafr,  Nu,0.2liO,,  U  much  used  for 
impartiug  a  yellovririh  or  griwuiah  color  to  gla»8,  and  as  a  yullow  pigment 
on  the  gluzing  of  purc*<*lain.  The  "  uraniuiu-ynUow"  for  these  purposes 
in  prepared  vtx  the  largo  8cal«  by  roaHling  pit^liLilonde  wilh  lime  in  a  rever- 
berat4jry  furuaeu  ;  treating  tlie  resulting  caleiuin  uiniiate  with  dilut«  8uU 
phuric  acid  ;  mixing  tbo  t^olution  of  uronlo  sulphate  lliii«f  obtAine<l  with 
Bodium  carlxjnatu,  by  whicli  tbe  uruuiuiu  ih  lirst  precipitated  together 
with  other  metttit*,  but  theu  rpdiasolvi'd,  tnleralily  free  fnim  impurity,  by 
oxocaa  of  the  alkali ;  mid  treating  tbe  liquid  with  dilute  sulphurio  "arid, 
which  throws  tbiwn  hydrated  sodium  urauate,  Nag().2L'0,.tiAq.  AmmontHju 
nranate  is  but  Fligiilly  Holublo  in  pure  water,  ami  qnilo  insolubli-  in  water 
coutaiuiug  Kal-amutuniac  ;  it  may,  therefore,  be  prepared  by  precipitating 
a  solution  of  Hoiiiuni-uranatfl  with  tbat  salt.  It  oecurs  iu  commeroe  as  a 
ftno  deep  yellow  pigmwut,  aiao  called  "  uraninm  yeHow."  This  salt,  when 
heated  to  redness,  leaves  pure  urauoso-urauie  oxide,  and  may,  therefore, 
tvrte  as  the  raw  material  for  the  preparation  of  other  uranium  compounds* 
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Uranoas  salts  form  green  ttolutinns,  fW>m  wliieb  raustir  alkaliet  Ox 
down  a  red-brown  gelatinous  precipitate  of  uranoiis  hydrate  ;  alkalint 
boHoiea,  green  |>recipitatefl,  which  difi&olre  iu  excess,  especially  of  am 
nium  carbuuate,  forming  green  nolutionti.    Ammr/ninm  mtlftfiUle  forms  a  black 
precipitate  of  uranous  snlphide;  hj/drw/m  mlfhitit.  no  precipitate. 

Uranio  saltti  are  yellow,  anil  yield  with  cautiic  ulhiUrs  a  yellow  pre- 
cipitate of  alkaline  uratmte,  iuRohible  in  rxceKU  of  the  reagent.  AlLaltne 
carbonatea  form  a  yellow  precipitate,  eonsiiiting  of  a  carbonate  of  uraninm 
and  the  alkali-metal,  solul'lo  in  exceas,  especialljt  of  acid  ammonium  or 
potassium  carbonate.  Ammottium  sulphide  forms  a  black  prt^'ipilate  of  aranio 
sulphide.  J/ytlmi/vn  wulf»hiJr  forms  no  precipitate,  but  reduces  the  uran 
to  a  green  uranous  salt.  Ihtasaiuni  ferrocj^attide  forma  a  red-brown  pre<;i 
tate. 

All  uranium  coraponnds,  fused  with  pftwtphorus  mlt  or  borax  in  the  on 
blowpipe  flame,  produce  a  clear  yellow  glass,  which  becomes  greenish 
oooling.    In  the  inner  flame  the  glass  assumes  a  green  color,  becoming  still 
greener  on  cooling.   The  oxides  of  uraninm  are  not  reduced  to  the  uietallio 
state  by  fusion  with  sodium  carlmnate  on  charcoal. 

Uranium  compounds  are  used,  as  alrt>a<1y  (tltserved,  in  enamel  painti 
and  for  the  staining  of  glass,  uninoiis  oxide  giving  a  fine  black  color,  an 
uranic  oxide  a  delic.ite  greeniah-yellow,  highly  fluorescent  glass.    Uranium 
salts  are  also  used  in  photography. 
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TimOSTBN  or  ^^OLFRAM. 

Alumio  weight,  IM.     Symbol,  W. 

TrxnsTRN  is  fonnd,  as  ferrnns  tnngstntp,  in  the  mineral  u^fram.  tolerabi 
abundant  in  Cornwall ;  oceaiinnnlly  sl«n  as  oalrinm  tunpstate  {nrhfHitf  «r 
lunQtieny,  and  as  lend  tun*:stAtn  (nvhi'eii-tine).    Metallic  tungsten  is  obtained 
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in  tbe  eUte  of  a  dark-gray  p<.wdrr,  by  Btroiigly  h«ating  tuiig«!ic  oxido  in 
a  stream  of  hydrogen,  but  require*  for  fuvion  an  t-xcw-dingly  bi^b  temi«;r»- 
turo.  It  is  a  whilv  invlal,  vt-ry  bard  and  brittle  :  it  \\ah  u  density  of  17.4. 
Heated  to  rt?dne«9  in  the  air,  it  takua  Are  and  ruproduoea  tungstic  oxidv. 

Tungsten  forms  two  clasaes  of  oonipounds,  in  which  it  i»  nuadrivaient 
an<l  iwxvalcnt  rvspootirely,  and  a  third  class,  of  int<;rmodial«  twaipoitiliou, 
in  which  It  ia  apparently  quiniiuivalcut. 

CWorldoi.— These  corapounds  are  fornipd  by  heating  nu«taJ1ic  tnng*t«n 
in  ohiorine  gas.  The  AcrcA/orwfc,  or  tuntfBtic  chloride,  WCl,,  U  altw  produc*^, 
tugulher  with  oxychlorido,  by  the  aetion  of  ohlurine  on  an  ignittwi  mixture 
of  tungstie  oxide  and  charcoal.  The  oxyobloridwi.  U-ing  mort>  volatib;  than 
the  hexchloride,  mav  bo  separated  from  it  by  Huhlinialion.  The  hexchlo- 
ride  formB  dark  violet  acah'S  or  fused  cruaU.  having  a  bluish-black  me- 
taUio  iridestienco.  By  eonlact  with  water  or  moist  air,  it  is  touverted  into 
hydrochloric  and  tnngstic  aeids.  The  chlorides,  Wl'l^,  WCl,,  and  WCl,, 
ar«  formed  when  the  hexchlorido  ia  h*»ated  in  hydrogen  gaa.  The  two 
funner  are  crystalline  :  the  dicbloride  is  a  loo«e  gray  powder,  deatilute  of 
crystalline  Btnieturo.* 

A  iHiittal)rotiiide  and  hexbromido  are  formed  by  the  action  of  bromine  in 
exwsa  on  tungsten.— The  hej-jluoririr,  WT,,  ia  obtained  by  evaporating  a 
aoiutiuu  of  tuugstic  acid  in  hydrofluoric  acid. 

OzldeB. — Tungsten  forma  three  oxides,  WO,,  WO,,  and  WjO^,  neither 
of  whicli  exltihlts  bn^ic  properties,  so  that  there  are  no  tuTigsten  ealts  in 
which  the  tnetal  replarca  the  hydrogen  of  an  a«*id,  or  takira  the  eleolro- 
piwitive  part.  The  trioxide  exbibita  decidtxl  acid  tendenciet*,  nnitingwith 
basic  metallic  oxides,  and  forming  cryslallixalile  salts  cAlIed  twtf/MtutcM. 
The  pentoxido  may  be  regarded  as  a  coinpKtuiid  of  the  other  two. 

The  liitJTid*;  or  TnngntottH  oxuie^  WO,,  u  most  easily  pepnred  hy  exiKWing 
tnngfttic  oxide  to  liydrogen,  at  a  teni{>erature  not  exc4HHting  dull  retlness. 
It  is  a  brown  puwder,  aometimes  as«iimiiig  a  crystalline  ap{^K.>aranoe  and  an 
imperfect  metallie  lustre.  It  take**  fire  when  heated  in  the  air.  and  burns, 
like  the  metal  itself,  to  tungstic  oxide.  It  forma  a  definite  compound  with 
Boila. 

The  frionVAr,  or  Tungtiic  oxxtle^  WO,,  is  most  easily  prepared  from  nntire 
calcium  tungstato  by  digestion  in  nitric  or  hydrochloric  acid,  the  soluble 
calcium  salt  thi4rehy  pnxluited  being  washml  out  with  water,  and  the  re* 
maining  tungatio  aeid  ignited.  From  wolfram  it  may  bo  prcpnrc'il  by  re- 
peatedly digesting  the  mineral  in  strong  hydrochlorio  acid,  ultimately  with 
addition  of  a  little  nitric  acid,  to  dissolve  out  the  iron  and  manganeiH} ; 
diasotrtng  the  remaining  tungsttc  acid  in  aqueous  antnmnia  ;  evaporating 
to  dryness  ;  and  heating  the  residual  amuionitim  tuugstate  in  contact  with 
the  air.  Tungntic  oxide  is  a  yellow  powder  Innoluhle  in  water,  anil  in  most 
acids,  but  soluble  in  alkalies.  The  hot  solutions  of  the  rejtulting  alkntino 
tnngstatos,  when  neutralized  with  an  acid,  j-ield  a  yeUnw  pretripitate  of 
ttmysHc  monoiitfdrate  or  tun>jstic  arid,  HjWO(  or  11,0. W(»j.  Cold  dilute  solu- 
tions, on  the  other  baud,  yi'dd  with  acids  a  white  prinnpitate,  consisting 
of  Utngatic  dihtjdraU,  or  htfilruttil  tuntjutic.  arid,  l!H,O.W0„  or  II,WOj,II,0. 
Tungstio  acid  reddens  Litmus  and  dissolves  easily  In  alkalies. 

TnngstatoB. — Tungstio  acid  unites  with  bases  in  various  and  often  in 
very  uuubual  proportions.  It  is  capable  of  existing  nls<t  in  two  isomorio 
uuxliiioations,  vii.— I.   <tfdinary  tunystic  atud,  wliich  is  insoluble  in-^nXMt^ 
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and    fiimiH   insoliihlo  ^a\U  with  all  iiirL.-iU,  rxL-4-*pt.   tlie  Alkall-mrtAts  aal 
uiaguesium  ;  'Z-  Mttat\tny»tie  acid,  which   w  Hutuhlo  in  waUT,  juhI  {onni 
soluble  a&lla  with  ui'ntly  nil  luetabi.     OnliuAry  ttiiigstii*  jicid.  fnnii*  iionualj 
Sftlts  fXtutiiiiiiug  M,\V04  or  M,0.\VO,f  and  arid  Aalls  txiutaiuiu^  ^tM^O.TW^i,  ^ 
which  inaj  p<<rha[Mf  bo  ri'iiardifi  a«  linuble  i>alu  c<)ui|Mibvd  uf  diAf-id  «M 
triactd  lun^lnttni,  that  id,  M  2(M/J.2\VOj-|-M/>.3W<)|.     Tbct  tuU|;»UUi 
of  polofiftiiiui  aiid  fjodiuni,  esiH'ciali/  Ihu  latter,  art)  l^oluetitU('«  UF>cd  ai 
murdautH  iu  d^-oiug,  in  place-  of  staunatfu  ;  a,l*u  for  rendoriu^   luuidiu  aud 
otht<r  light  fabricH  unuiUauuiiablu.   TungstuUb  tuiigatale,  \VU,.\Vo„  witukj 
boa  tho  composiliou  uf  luurjitttH  ffentoxu/vj  W,Uj,  u  a  blue  tiiilRttaiKx*  luruhil  j 
by  rtHliiciiig  tuiigMtii,:  nxidu  or  tuiigi^tiu  acid  with  ziuc  aud    hydrtx'hluiiCj 
acid :  aldo  by  heating  aiuuioniuiu  tuiigatatu  to  rc^Uicva  In  a  retort. 

Metatunffsiaiee. — Tbtue  Hultti,  which  have  the  ci>uiput»itiou  uf  quadncidl 
tuug«tat*M,  M,l).4\VO,,  am  [oiuilnI  (loui  ordinary  tuugdtat*^  hy  atlililiim  t>f^ 
tangstio  acid,  or  by  r4*iDoviug  part  uf  Ibu  biufr  by  lucimii  of  an  avid.  Thr^  ■ 
aro  for  the  uioel  partHolublo  und  crystallizable.  Uy  decotupcwing  boriuiiL 
netatun^Mlatti  with  dilut*-  8ulphurio  ac'i<i.  aud  evaporating  the  liltratf  is.' 
Jt  vacuum,  hydrattNl  uiutatuugblic  acid  i»  ubtaiuud  in  quadratic  oi.'t<dirdxctiiA 
apparently  containing  UjO.4\V03+31Aq. ;  it  is  vtu-y  huluble  in  wat^r. 

^ilicQtuntfttatei** — By  boiling  gcUliuouB  Bilioa  with  acid  |H»tasisitiia 
tuugHlAto,  a  oryatalliuv  sail  is  obtaini'd,  having  the  cumjKisitioii  uf  a  diacid 
potaHsiiiin  tungstatr,  6(K,<  ».'iWt.>,),  or  K,,l),.ia\VO,,  in  whicli  one-third  o(  J 
tho  potassium  is  n^plaoed  by  uiUivai,  viz.,  KySi'^i'g.l'iWO,,  so  tiiat  tho 
silicon  here  enters  am  n  Uutylotts  elemeut.  The  resulting  wduliuu  yields  J 
with  luercurouft  uitratt*  a  preeijiitale  of  nurruTouA  MUicotuttyHtatt :  thia,  wheO 
dooompoficd  by  an  etiuivaUut  quantity  of  liydri>i:hli)ric  aiid,  yfulda  a  »olu* 
tion  of  hifdrogfti  sHicoiuitygtaltt  or  siiicotuftgitic  acid;  aud  the  other  siliootuug- 
8tatf»,  whiGh  are  all  ttutuble,  are  obtained  by  treating  tlto  acid  with  carbo- 
natn. 

isilicodecitunifKiic  nciV,  HgSt'*Of.lOWO,,  is  obtained  aa  an  ammo- 
nium Halt  by  bulling  gi'latinouK  silica  with  fiolutiun  of  acid  asunoniuu 
tusgstate;  and  from  this,  the  auld  and  its  other  nails  may  be  obiainbd  in 
tho  same  manner  as  the  prtHXMiiug.  The  sitieiKlecitungstat^M  are  vt?ry  un- 
stable, and  the  ar.'id  is  dLn-junpostHi  by  mere  evajioration,  deiKiaitiiig  silica, 
and  U'iuK  o^nvcrted  into  I  uuystoatlicic  avid,  which  ia  isonicrio  wllh 
siliiyitiingstic  acid,  and  likewise  dee(«D|»o8*«fl  earljonati'S.  All  three  of  these 
aoida  are  capable  of  exohaURing  eitber  one-half  or  tlie  whole  of  their  basic 
hydrogen  for  mutaU,  thereby  forming  acid  aud  neutral  salts ;  BiUeotungsliu 
acirl  aUo  forms  an  arid  podium  salt  in  which  only  oue-fuurth  of  the  hydro- 
gen Is  replacHxl  by  so<lium. 

Tongaten  StUpbfdes.— The  disuiphide,  or  Tunijrtnua  nlfhidcy  WS^  b 
obtaiucil  in  soft,  blai-k,  u«edle-dhapod  crystals  by  igniting  tungsten,  or  onv 
of  itft  cixiilps,  with  sulphur. 

The  trigulfihidr ^  or  Tnnijfdc  §ulpfiide,  WS,,  is  fonat><l  Ity  didsnlving  tnnfrntio 
acid  in  ammonium  sulphide,  and  prMripitnting  with  an  acid,  or  by  addint* 
bydrocliloric  acid  to  the  solution  of  an  alkaline  lungstate  satarattnl  with 
hydrogen  sulphide.  It  is  a  light-brown  precipitate,  tiiniing  black  wh»'n 
dry.  It  unites  easily  with  boaio  melallie  sulphidi*s,  forming  tho  sulpho^ 
HngttateM^  M,WS^  aaaluguiu  tu  the  normal  tungstates. 


RrachntiM  of  Tumjot^n  n'mftmmd*. — Siiluble  tungslnleit,  nr  metatunfTSlatefl, 
Saporsaturated  with  sulphuric,  hydrtx'htoHc,  pho<tphorio,  oxalic,  or  ainajo 

*  Mart raao,  Ana.  Ohua.  Ptiys.  {4}  tu.ft;  Watta*b  OloUooary  of  Ohemlstrr. 
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Acid,  jield,  on  the  introduction  of  a  pi«c«  of  smc,  a  Iwftatiful  bine  color, 
arising  from  the  formation  of  1>1ur  tungsten  oxide.  A  voluble  tuiigHtatfl, 
[uixnl  with  ininiiOHiMi  Mulphitie,  and  Iheo  with  ex(v«*  of  &cid,  yteliln  n  light- 
brown  prt!cipitate  of  tunt:><tic  t-iilphidc,  M*luhh>  in  ammonium  Mulpliide. 
JJydrogtm  tmlphitU dotsa  not  pnviiiitaU-  tbt^  aciduUtvd  imlutinu  of  a  tungitlatit, 
but  tama  it  bine,  owing  to  the  fi<rmation  of  the  blue  oxido.  dnlinary 
lungmates  give,  Miih  pottuntm/trrocifanui*,  after  addition  of  hydrorhhiria 
acid,  a  brown  flooculent  pr«ctpitate,  st^lablt*  in  pore  wat«r  trw  from  acid  ; 
iDftatuDgstatfS  give  no  precipitatu.  Acid:i,  added  to  BoliitionR  of  ordinary 
tungtatt^,  throw  down  a  white  or  yellow  preeipitatt*  of  tungatio  at'iii  ;  with 
Uii.'la,tuni;^tatea  no  precipitate  is  obtained. 

All  tuugiiteii  oompoundB  form  oolorleas  beadawith  borax  and  phoipboruii 
salt,  in  the  oat«r  blowpipo  flame.  With  borax,  in  the  inner  flame,  Ihey 
form  a  yellow  glU8»  if  tho  quantity  of  tungsten  in  ■omewhat  coiifthleralile, 
but  culurlefts  with  a  Knaller  quantity.  With  pkonJutnu  tali  in  the  innrr 
flame  tliey  fi>rm  a  glaiu  of  a  pure  blue  color,  unleu  mclallii' oxlilti*  nro 
prusvot.  which  modify  it;  in  presence  of  iron  the  glaaa  is  blood-red^  but 
thtf  addition  of  nutaUio  tin  rondera  it  blue. 


H»  &«e/,  alloyed  with  a  small  qnantlty  of  tni^t«ii,  Requires  extraordinar/ 
liardnvfts.  Wooti,  or  Indian  steetf  contaimi  Fuogsten.  TungHtoit  has  alHo 
A  rpniarkablc  effect  on  8te4d  in  iuorea«ing  its  {lOwer  of  retaining  tiiHgitf*tiMm 
when  hardifued.  A  borse-ehoe  magnet  €>f  onliiiary  nteel,  weighing  two 
pound:!,  ii»  considered  of  good  quality  when  it  bears  awen  limt-a  its  own 
weight;  but,  oceording  to  Siemens,  a  similar  magnet  made  with  steel  ron- 
tainiug  tungat^m  utay  be  made  to  carry  twenty  timea  its  weight  suspcndod 
frum  the  armature.* 


MOIiTBDEinJM. 

Atomic  wdfflit,  90.    Symbol, 


MO. 
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This  metal  occurs  in  small  (luantity  a*  aulphide,  or  moloftdtniu,  and  as 
eod  molylxiate,  or  v*u//>nf/<<.  Metallie  molyb«b'num  is  obtained  by  exposing 
olyltdio  oxide  in  a  eborcoftl-liued  crucible  to  the  moat  inteuHe  bent  that 
;«an  be  obtained.  It  is  a  whiti),  brittle,  and  exeeedlngly  infuaihle  metal, 
uving  a  dunsity  of  8.tf,  and  uxidizing,  when  heated  in  the  air,  to  moly  hdio 
x.id«. 

Chlorldea.— Mol vbdonnm  forma  four  obloridea,  containing  MoCl,.MoCI„ 
lor  MojCI^,  .MoClj  ami  MoCI^  or  Mo^Cl.o. 

The  ptnlacktoride  is  prodnwwl  when  metnlllo  molybdenum  (previously 
.•ed  from  ojrido  by  ignition  in  hydrogen  chloride)  iti  heate<l  for  some  lime 
n  a  wtrrain  of  drv  chlorine  rab. 
Tho  pentachloride.  heate<i  to  about  25flo  in  a  nlream  of  hydw^en,  la 
ffiviurH  to  the  red,  diflioullly  volatile  trichloride,  MoClj,  or  MojH- ; 
land  this  wimpound,  heated  to  redness  in  an  atmosphere  of  cortMsn  di«|xido 
^fi•^'"'  from  oxygf-n,  is  resolved,  according  to  the  equation  Mo/'l,^ 
JJU'l,  4-  MoCl,,  into  the  yellow  dirklorirlf.  which  remains  in  the  tube, 
ati.i  the  brown  lelrncA/orit/e,  which  fluhlimos  or  Is  carried  forward  by 
the  stream  of  gas. 

Of  tbene  four  chlorides  the  pentachloride  is  the  only  one  whieh  crys- 
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iNijuf  rwdttaffl  to  dloKkl*  1^^  the  li)r4M«s  «r  tb»  awi— itfl  ttlt 
Uto  bjrdrfttod  iUto,  hf  «U««Uu(  onitetUr  oaopcr  to  a  MABttoD  of  Tnolrbdie 
mH  Itt  b/4r<»U«rto  a«U«  antU  iW  liiiatd  wnnDM  a  r*a  oolor.  %xA' tU 
•^ding  ft  l«fX*  >■"■■■  rf  MMoonU.     Tli^  «nh/droiu  dioxide  if  d*^*p 
and  towlttbU  In  acddi ;  Uw  fajdrat**  r<«^ibl.4  frrric  hrdrmlA,  wwi  diwolt 
to  mMm,  jrtoldini  nd  aoluUuna.     It  U  Dcor«rt«d  into  mol/bdic  ftcid 
•tmhh'  iittrlr  Acld. 

'/  '   ' ',- — Tn  oMiln  thU  n»ld*>  (oommonl/  call<*d  Afolyfmlic  or 

'iB-t'  -  uurn    •ul|>tji<k'  \m  ro««U^,  at  a  n<d   heat,  in  an  oprn  re 

aii<l  LU«*  uii)>ar«  tunl/Ulii'  trloxidt*  tli«tir^  rMiiUInj;  b  dUsotrofl  lir  ammc 
Ilia.  Thft  fllUr<'<1  Mnliitii.n  In  «raj>f>raf'i)  to  (JiT'it'^M.  and  ttip  fait  U  tak^ 
Up  bjr  watiir  and  purifiiMl  hj  crT^talluatlon.     It  is.  laatlr,  d*vonipc«od  bgr 
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heutt  and  the  ammonia  expelled.  The  trioxldo  may  also  be  prppnred  hy 
dooompoeing  native  Ifad  mulyMnte  with  salpburlc  acid.  It  !»•  a  white 
crystalline  powder,  fusibUi  at  a  rod  heat,  and  slightly  solabln  in  water. 
The  sutution  oontaiii»  mol^bdic  acid,  bat  this  acid,  or  hydrate,  in  not  known 
in  tho  Rolid  fltate.  The  irioxtdo  is  ea«ily  diMolT(*d  by  alkalies,  and  rnmis 
two  Beriea  of  salts,  tIs.,  nnrtaitl  ur  neulrai  mnlyiMiatea,  R^MoU^,  or  R/>.M<»<>3, 
and  anhydromiJ^Matts,  or  I'imt'lyMatf's,  K,MtH\.Mo<!)j,  or  K,0.l!Mo<),.  the 
eymlKil  K.  drnutiug  a  nnivaK'nt  metal.  The  neutral  mo1ybdatt'j4  of  tlie 
alkali-melalii  are  easily  miluUle  in  w.iter,  and  thutr  MutioiiK  viold,  with 
the  stronger  aoids,  a  precipitate,  eltht-rof  u  Irsn  sitliihle  himolylidHte,  or 
of  the  anhydroua  tiioxide.  The  other  molyb^lAtes  are  innftluble,  and  are 
obtained  by  precipitation.  Aeo^  Moiybdate,  I'bMoO^,  occurs  natire  in 
yellow  quadratic  plates  and  octohedroua. 

Bnlphldea.^Mdlybdenum  fr>nn.*t  three  sulphides,  HoS,,  MoS^,  and  MttS,, 
the  last  two  of  which  are  aoid  sulphides,  forming  aalphar-eahs.  The 
diftdphifie^  or  Molybdic  tuifthCde,  HoS,,  mnruns  iiiitive,  as  motj/bdmitf,  in  crys- 
tall'v-laininar  masses,  or  tabular  crystaU,  having  a  strong  mftallic  ItiHtre 
and  lead-gray  color,  and  farming  a  gray  streak  on  paper,  like  plumbago. 
r-The  same  compound  is  produced  artiSciulIy  by  heating  either  of  tlu*  higher 
'■nlpbidtf,  or  by  igniting  the  trioxide  with  sulphur.  Wlien  roaste<l  in 
rcontact  with  the  air,  it  is  converted  into  trioxide. 

The  trisTdfihitle,  Mo8|,  oommonly  called  Suijdtomoiiftidic  o«tV,  is  obtained  by 

ling  hydrogen  sulphide  into  a  conoentratiMl  solution  of  an  nlkalinn 

lolybdate,  and  precipitating  with  au  acid.     It  \n  a  bluckbrown  powder, 

jl'frhich   is   dissolved  slowly  by  alkalies,  more  easily  by  alkaline  sulpliidcs 

rWid  Hulphydrates,  forming  sn]]>hur  salts  called  Sti/fihomolytidnfeM.     M'^t  of 

tb<-'&e  saltH  have  the  c).>m}.'ONition  KjM<>S„  or  K,U.Mo.S],  niinlngous  to  that 

lof  the  molybdates.     The  iiulpho-molybdatet^  of  the  alknli'inetais,  alkaline 

irth-metaU,  and  magnesium,  are  soluble  in  water,  forming  solutions  of 

kA  fine  red  color  ;   the  rest  are  insoluble. 

Tffrasui/tfiide,  Uoii^. — Tills  Is  also  an  add  sulphide,  forming  aalts  called 
rndjtkomoi^bdateM.  the  general   formula  of  which  is  R,MoS|,  or   U^.Mc^S^. 
lepoCaSMUM  aaJt  is  obtained  by  boiling  the  s u  1  phomoly bdate  with  molyb- 
lunam  Irisulphide. 

MolybdoQB  salts,  obtained  by  dlsflolvinp  molybdona  oxide  in  acids, 

re  opaque  and  almost  black.     They  yield,  with  hydrtujtn  sulphide^  a  brown- 

tlack  precipitate  soluble  in  ammonium  sulphide  ;  with  alkuiie*,  and  tdkn- 

w  cartionatf$f  a  brownish -black  precipitate  of  molylxloua  hydrate,  easily 

duble  in  actd  potassium  carboiiale,  or  in   ammonium  carliouate  ;    witli 

j}ottnutium  f&rrocifnnidr,  a  <iark   brown  precipitate  ;    with  aotJiam  phnsphttU ,  a 

white  preeipitaie. 

Solutions  of  molybdic  salln  have  a  reddish-brown  color.  When 
heated  in  the  air,  they  hsve  a  tpndency  to  become  blue  by  oxidation.  In 
^^  eontaot  with  metallic  sine,  they  first  blacken  and  then  yield  a  black  precl- 
^Hnitate  of  molylxlouK  hydrate.  Their  reactions  with  cdlvdira,  htfiirmjm  nui- 
^^^kidf,  ete.,  are  similar  to  those  of  mulybdous  soils;  but  the  precipitates 
^^pre  lighter  in  color. 

^^p  Molybdates  are  eolorless  unless  they  contftin  a  colored  base,  floln- 
^^Bions  of  the  alkaline  molybdates  yield  with  acidn  a  precipitate  of  molylMilo 
^^■rinxide,  soluble  ill  exet'SH  of  thi<  prei'ipitant.  They  Brt>  colored  3'elliiw  by 
^^Btifiirnifrn  mljfhidf,  from  formation  of  a  sulpho-molylKiate  of  the  alkali-nii'lal, 
and  iben  yield  with  aoiils  a  br<iwn  precipitate  uf  nmlybdenum  trisniphidn, 
I  Thi^  is  au  extremely  deliiiale  test  for  molybilic  acid.  Tliey  fonn  white 
^^^preei  pita  tea  with  the  salts  of  the  earth-meJain,  and   prf*rjpitat«*s  of  rnriouif 
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IRON. 

Afonle  wdght,  M.    Symbol,  Fr  (Fcrrum). 

7*niB  is  thr  irnst  irajwrtant  of  all  thw  metals  :  there  arc  fpw  RnbAtanrtfi 
to  wljich  it  yit'lda  iii  iiiti*n*dt,  when  it  is  considered  liow  very  intiuiatf  ly 
thti  knowloilgi)  of  il^  jiroperLii-d  and  usia  ia  ixmnected  with  human  oivili- 
lati'iu. 

Mi-talUo  Iron  is  of  oxwH^iinclj  rare  occurrence :  it  ha»  bcon  found  at 
Canaan,  in  Connuctiiut,  farming  a  Vf^iii  a)N>ut  two  Inclu-a  thick  in  mir^- 
slato  ;  hut  it  untt-ra  into  thu  c(»ui[M»ition  of  many  of  iliuee  extraordinary 
flionuA  known  to  fall  from  the  air,  catlpd  meteMritts,  Isolati'd  mat)ftf9  of  soft 
malluablo  iron  also,  of  largo  diroonsions,  lio  loose  upon  tho  Burfnco  of  tho 
earth  in  South  AmrriiM  and  elscwhert*,  and  an*  pri'i<uine<l  to  hiivr  liail  a 
fliinilar  origin  :  tlu'ttp  latter,  in  cf>niinnn  with  the  iron  of  thi<  undnnbtod 
xnotcoritea,  oontaiu  nickel.  In  an  oitidiz4*d  condition.  th<*  pr*>H<>ncu  of  iron 
may  betaid  to  be  auuver^al :  it  oon«titutea  a  gruat  part  of  tho  iinuumn 
coloring  matter  of  r<K:ka  imd  soils  ;  it  is  containofl  in  plunU,  and  forum  an 
esMotial  component  of  thu  bhxxl  of  the  animal  body.  It  in  alisa  very  com- 
mon In  the  Btalo  of  hi<4ulphido.  Varry  iron  may  bo  prepared,  ac^^ortling  to 
MitMiherlioh,  by  introducing  into  a  IIe«Bi&u  orucible4  parts  of  fine  iron  wiro 
oat  small,  and  1  part  of  bUck  iron  oxido.  This  is  covered  with  a  mixture 
of  whita  Hand,  Hmo,  and  potassium  carbonat«>,  in  the  pro]>ortions  used  for 
glasd-making,  and  a  c*»ver  Ijein;;  cloeoly  applied,  the  crucible  ia  exposed  to 
a  yvry  high  degren  of  ht<at.  A  button  of  puro  metal  is  then  obtaint>d,  the 
traces  of  carlion  and  Bilioou  present  in  the  wire  having  K^en  removetl  by 
the  oxygen  of  the  oxide. 

Pure  iron  ha«i  a  w)iit«  nobir  and  p4<rfe.ot  lustre:  it  ia  extremely  soft  and 
»Dgh,  and  hoa  a  Kpticiflo  gravity  of  7.8.  Ita  cryetalline  form  h  probably 
the  cube,  to  jud){u  from  appearaucua  occasionally  exhibited.  In  K<iod  bar- 
iron  or  wire,  a  distint^  fibrous  texture  may  always  \n*  tAmfrv*\\  when  the 
metal  ha.*)  Innm  attacked  by  mating  or  by  the  application  of  an  acid,  and 
upon  the  perfection  of  this  flbro  much  of  its  strengtli  and  ralue  depends. 
Iron  ia  tite  moMt  tenn<;ious  of  nil  the  metals,  a  wire  ^^  of  an  inch  in  diam- 
eter Uiaring  a  weiglit  of  iJO  lbs.  It  is  wry  diflieult  of  fusion,  and  iH-fnre 
Iwcoming  lii|uid  pa.'Mrti  tlirough  a  soft  or  paaty  condition.  Pieces  of  ircm, 
pressed  or  hautmeroii  togethor  in  this  state,  oohere  into  a  single  mass  :  tlio 
operation  ts  t^jrmittl  tcettlimj^  and  is  usually  performed  by  sprinkling  a  little 
sand  over  the  heated  metal,  which  cnmbini^  with  tho  superficial  film  of 
oxide,  forming  a  fusible  gilieale.  wlilch  ia  subHequently  forcod  out  from 
betveou  the  pieces  of  inm  by  the  pri>ssure  applied:  clean  surfa(*4-(i  of 
metal  are  thus  presented  to  eoidi  other,  and  nnion  takes  place  without 
difficulty. 

Iron  does  not  oxidlxe  in  dry  air  at  common  temp^-ratnres  :  hentt*d  to  red- 
ness, it  l>ei^imf^  (Xtvered  with  a  «ealy  coating  of  black  oxide,  and  at  ft  high 
whilo  heat  bnrns  brilliantly,  producing  the  same  Bul»«tam'e.  In  oxygen 
^^MH  the  cfmibuhtiim  CK-cun*  with  still  greater  ease.  Th«  llnidy  dividod 
HHpongy  metal,  preparf^d  by  rislncing  the  rnl  oxide  with  hydrogen  gas, 
^Huceit  Hre  spontaneously  in  thu  air.  Pure  water,  free  from  air  and  oarbouio 
^■^       Sti 
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ftCHl.  does  not  Urnish  a  sarf&ce  of  polished  iroD,  bat  the  eombmed  Agvtu 
cf  ir*^  nxjgen  and  moutare  speodil/  leads  to  the  prodnctioii  of  rust,  vhk 
ift  &  liTdrat«  of  the  sesqaioxido.     The  rustiug  of  iron  is  wonderfutlT  pr 
jDvted  \»t  the  presence  of  a  littl**  acid   vapor.     At  a  rtnl  beat,  imu  duoi 
wnt^r.  erolring  h,vdrog'.>n,  and  |Nb»6ing  into  tlie  black  oxide.     i>ilut 
hurio  and  hvdiXM-hlono  aoid^  dissolve  it  frvely,   with  separation 
Tiimgrn.     Iron  is  Btrongljr  nia^etic  up  to  a  red  heat,  when  it  lo&et  aU 
tracv^  of  that  remarkable  prupenj. 

Iron   forms  two  clas^t^s   of  cnmponnds  ;   namelr  the   ferrous   coi 
poonds,  in  whldi  it  ia  bivalmt,  <.  j..  FeCl,,  Kh*,  FeSO^,  etc.,  and  tb«l 
ferric  compounds,  in  wliich  it  mnjr  b*r  r\<garUed  either  as  ti-ir«J< 
like  aluminium,  or  as  c(nadrir&U'nt :    ferric  chlorido.  for  example,  mar 
either  FeCI,  or  FejCI,=Cl,K*^Fea, ;  the  vapor-density  of  this  comi 
aa  determinvd  b/  UeviUe,  ia  in  favor  of  the  latter  formula. 

Ctaloridefl.  — The  dichlnnHf,  or  Ffrrma  cA/<^<ff,  FeCl^  is  fnrmed' 
transrailliu{(;  dry  hydrx'liloric  acid  gas  over  rc*l-hot  metallic  in»n,  or 
diiisolving  imii  in  hrdnH^liUirJc  aoid.  The  latter  B4>luti«kn  yields,  whri 
duly  con»N*ntrftted,  preen  crystals  of  the  hydrated  dichloride,  FH-'1,.4H,0; 
they  are  very  »M»lul>le  and  dcliqaoscent,  and  rapidly  oxiitixe  in  the  air. 

The  trirhhtruir,  or  Frrrir  rMitri/lr,  FOjCl^,  is  n^ually  preftAred   by  diasolr- 
ing  ferric  oxide  in  hydntchlorie  aoid.   Tbesolution,  eva|MiraU<d  to  a  syrupj 
onnsistence,  di.-{Mi«its  red   hydrated  crystals    Khieh   are  very   soluble   iD( 
WAler  nixl  alcohol.     It  forms  double  salts  with  potassium  chloride  and  saU^ 
anmtoniae.     When  evaporatetl  to  dryness  and  strongly  heate<|,  mtieh  i»f 
the  chloride  is  direninposed  yielding  sesqnioxide  and  hydnM-hloric  aeid  : 
the  remainiler  ftuldimes,  and  afterwards  condenses  in  the  form  nf  musU 
brilliant  retl  crywlaU.  winch  deliqnese©  rapidly.     Anhydrous  ferric  i:bl»-i 
ride  is  also  pnKluo<Hl  Uy  thn  action  of  chlorine  upon  the  heated  metal.    Th«- 
iMiJution  of  ferric  chloride  ia  cajMible  of  disAolvin^  a  lui^a  exoess  of  reooutl/ 
prveipitated  ferric  hydrate,  by  which  it  aoquirus  a  much  darker  color. 

Iodides. — Frrrowf  iodide^  Fel,,  Is  an  lin^Kirtant  medicinal  preparation  : 

It  i*  easily  mode  by  digesting  iiMltne  with  water  and  metallic  iron.  Th» 
solution  is  i>ale-grtM*n,  and  yields,  on  evaiwrntion,  crystAl:^  resemhling 
thi«e  of  thtt  chloridu,  whieh  rapidly  oxidize  on  exprtnure  to  air.  It  is  best 
reserviMl  in  solution  in  enntact  with  excess  of  Iron.— ferric  iodide,  Fe,!,, 
yellowish-rod  and  solnhle. 

ton  Oxides  and  Ox78alte.<— Three  oxides  of  iron  are  knotm, 

ferrous  oxide,  Ki'O,  and  ferric  oxide  Fe-jO,,  analogous  to  the  chlo- 

aiid  an  iut*'rmediato  oxide,  usually  L-alletl  magnetic  iron  oxide,  ron- 

Fe|*»4or  FeO.Fe,Oj.     A  trioxide,  FeO,,  is  HUpiM«ed  to  exist  in  a 

salts  called  ferrates,  but  it  ha.^  not  been  Isolated. 

larff,  or  Frrr'fUMo.ndr,  Fe<». — Tbiw  iti  a  very  powerful  base,  neatral- 

iAt,  and  isomoqdmns  with  nia):rticf(ia,  zinc  oxide,  etc.     It  Is  aininst 

m  ba  the  separate  t^late,  from  its  extreme  jironeness  to  nbttorh  nxV' 

kyHBiato  the  aeaquioxide.     When  a  ferrous  salt  is  mixed  with 

«' abmonin,  a  balky  whiti.ah  precipitate  of  ferrous  hydratw 

■si^Ha  nearly  black  when  boiled,  the  water  Wing  separated. 

ihaafim  'cry  rapidly  when  exjiooed  to  the  air,  l)econilng 

nA'htowa.     The  ^ohiMe  ferrous  suits  have  eoinnumly 

m^^^ma^^t^imm utioK*  and  a  nnn^eou>  ineiallio  taste. 

Fe,l)j. — A    feehle   Itose,   isomorphnini   with 

WAntifDlly  rry?talli»ed,  lut  specular  iron 

alao  as  r«d  aad  brown 
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tho  latter  Iwing  «  hydrate.  It  is  arlindallr  prrpar^^  by  precipUnlliif;  a 
Kniiitinii  uf  frrric  NiilplwUt*  nr  clil<tri<lo  with  <*xc«^ii  nf  auuiirpiiia,  and  wish- 
ing, drying,  and  igniting  the  yelluwish-hrown  hydr&lo  thuH  pfNluoerl : 
fixt-d  alkali  uiuat  not  be  uaud  in  tliis  oporattoo,  aj«  a  purtion  ii>  rclaluvd  by 
the  oxide.  In  Ami  powder,  this  oxidu  baa  a  fnll  rinl  i^ilur,  and  is  used  as 
A  pigment,  tK'iiig  propared  for  the  purpose  by  calcinnlion  of  ffrruuK  sul- 
phnt«;  th«  tint  varies  foinvwhat  witli  the  tvinperntare  lu  which  it  baa 
hvru  HXjK)»ttT<l.  Thu  oxide  is  niialtt-ntl  in  the  firf,  although  i^aKily  rotluc^d 
at  a  high  teiupcrnluru  by  carbtm  or  hydn»gfn.  It  dibBolvuti  in  aoids,  with 
difficulty  aftvr  strung  ignition,  formiDg  a  Aories  of  roddlith  aaltM,  which 
havL'  an  acid  rcactiou  and  an  aatriugtibt  tastv.  Ferric  oxide  Ih  iiut  aettad 
upon  by  tlie  m.-ignet. 

Tri/rrro-Mroj-iHe,  f'Frrogo-Jrrrif:  oriiie,  FejtJj^FeO.FPjOj,  alito  called  black 
iron  oru/r,  maynettc  oxitict  and  loaifslone,  a  natural  product,  one  of  the  moHt 
valuable  of  the  irou-ore«,  often  found  iu  reguliir  <K:tubedral  cryHtalii,  which 
art!  magnetic,  ll  may  Ih.'  prepansl  by  mixing  dun  projKtrlibim  nf  ferrnaa 
and  ferric  naltK,  precijutating  theui  with  wxceKtf  of  alkali,  and  then  Imiling 
the  mixed  hydrates;  th*^  latt«*r  then  oiiito  to  a  bluek  KHiidy  tiuli^tance, 
consisting  uf  minute  crymaLs  of  the  magnefie  oxide.  Thitt  uxidu  In  the 
chi<tf  pruduct  of  thu  oxidiition  uf  truu  at  a  high  temperature  iu  the  air  and 
in  a^ueuiu  vapor.     It  ia  iucapable  uf  forming  delinite  aalta. 

FaRRATKa. — When  amixtoro  of  one  part  of  pore  ferric  oxide  and  four 
parta  of  dry  uitru  i&  heated  to  full  reducKH  for  an  hour  in  a  corored  cruci- 
ble, and  the  rettultiug  broM-n«  puroutf,  deliquescent  mass  is  treated  wheu 
cold  with  ice-cold  water,  a  deep  ame  thy  a  line- red  solution   of  potaaitium 
ferrate  Ih  obtaineil.     Tho  same  boIi  may  btt  more  easily  prepared  by  pac- 
ing chlorine  goft  through  a  Htrung  eulutiou  uf  potash  in  which  recently  pre- 
cipilat<^l  ferric  hydrate  is  HUflp<-nded  ;  it  is  then  de|Miiiited  uh  a  bUck  iKtwder, 
hich  may  bv  drained  ujmui  a  tile.    It  conaistit  of  KjKe(>,  or  K,<->.Fcil^,  and  in 
lerefore  anutuguuii  in  composition  tu  the  sulphate  and  uhroiuate  of  potas* 
torn.     Thu  iRilution  of  this  salt  gradually  decumpoRes,  even  in  the  <:o1d, 
and  rapidly  when  heattnl,  giving  off  oxygen  and  depobiting  ftL'tKjuloxide. 
Thtf  soUilion  nf  potaHsiuni  ferrate  giveh  no  precipilnte  with  tinltHof  cnkium, 
magnesium,  or  Htrontium,  but  when  mixed  with  a  liarium  satt,  it  yieldfi  a 
deep  crimson,  ins<^iluble  Lariunt  ferrate,  BaKeO,  or  BaO.FeOj,  which  is  very 
^Tjermanent.     Neither  tlie  hydmgen-flalt  or  ferric  oeid,  U^VIt,,  nor  the  oor- 
^^Mpoudiug  anhydroufl  oxide,  KeO,,  ia  known  iu  the  Heparate  state. 

^H  Fmbocs  Sflfratf,  FoRO,. 711,0  or  FeO.SO,.7H,0.— This  henuliftil  nnd 
^fpnpnrtant  salt,  cftmnionly  called  grrrn  vitnol^  iron  vitriol,  or  copptrtu,  ntay 
^^^  obtained  by  dissolving  iron  in  dilute  sulphuric  acid:  it  i»  generally 
pri'pftreil,  however,  and  on  a  very  largo  scale,  by  C4>ntact  of  air  and  niois- 
luro  ^itli  common  iron  pyrites,  which,  by  absorption  of  oxygen,  readily 
fumJHheji  the  Mil«stance  in  question.  Heaps  of  this  material  are  exposed 
to  the  air  ontil  the  decnuipnsition  is  suflioienlly  a*lvanced  :  the  salt  pro- 
duced is  then  dissolved  out  by  water,  and  the  solution  made  to  cryHtallixe. 
It  forma  large  gr«en  crystals,  of  the  cnrnpanltion  aliove  stnl^'d,  which  slowly 

IHtoreflcc  and  oxidize  in  the  air:  it  is  soluble  iu  alionl  twice  Its  weight  of 
rid  water.  Crystals  containing  4  and  also  2  ^lollH'ul^^8  of  water  have  been 
bt.itTii^t.  Fermns  sulphate  forms  double  salts  with  the  eulphatt'S  of  ikk 
iSKium  and  ammonium,  oontninini^  Ki'Kj(S<.\),.(ni30  and  l'V(Nfl4),(S0^j. 
H,0,  taomorphous  with  the  correspt.iiding  magueMium  kaUs. 

Frbkic  gcLPHATB,  (Fe,)*^(SO^)>  oT  Fe,0,.3S0„  is  prepared  by  adding  to 
iMolution  of  the  ferrous  salt  exactly  one-half  as  much  sulphurio  acid  aa 
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it  nirf&Ay  (y>TitAins,  rnisinji;  the  liqnld  to  the  iKttling^- point,  and  Uien  drrp* 
ping  in  nitric  ad*l  until  th«  solutitin  OL*ast«  to  blackc-n  hy  such  j«ldit)diL 
Th<*  rtvt  liijui<i  thus  nlitaiu*^  furiitHhi«,  un  evaiwration  to  drvn^HS.  a  bulT- 
onlnrcd  ami>r]iliouH  inoiitt,  which  iliAHolvirH  very  tilowlj  wheu  put  into  vraltr. 
With  tht)  8nlphnl«*fl  of  pota^ium  and  aroraouiura,  tbifi  ahH  viehla  ifi 
pounds  harin;;  tUa  form  and  oouittitult<tu  of  alums  ;  the  iMjtaafeiuin  sa 
fiir  pxamplr,  has  th«  oom|>o«ititin  Ki*'"K(S<>J-I2H,<>.  TJic  crv-i»tal«  aw 
hi^arlvdoytiluto  of  color  ;  thi',v  aro  dt-cmipcMiHl  Fiy  water,  aiul  »c>toctiiU(*5  by 
loii^  k*^tping  in  th«  dry  ittal«.  ThttHw  n&\ts  are  iK-at  pivparoii  by  expoting 
to  »4pontAn(H)us  orsporation  a  solution  of  ferric  galphatc  to  which  imtasaiam 
or  amuionium  sulphate  has  bu«n  added. 

Fbbrods  Nitratb,  Fe(NO^),. — When  dilute  cold  nilrio  acid  is  made  to 
a(;t  to  saturation  upon  iron  mnmniulphide,  and  tho  solution  is  et-apnral*^ 
in  a  raouum,  palo-groon  and  very  soluble  crystals  of  forrotut  nitrat**  an 
obtaiiivd,  which  are  very  subject  to  alt^TJilion.  Ferric  nitrate  is  readily 
fnrnipil  Ity  iHiuring  nitric  acid,  Hlijjlitly  dilnled.  np«n  iron:  it  ijt  a  d«Tp- 
rod  liquid,  apt  to  deposit  an  insoluble  basiu  salt,  aud  La  used  in  dyeing. 

FBRBonR  Carbokatb,  FeCO|  or  FcO.CO,. — Tho  whitish  precipitate  ob- 
tained hy  mixbig  aolutioim  of  ferrous  salt  and  alkaline  carbonate  :  It  can- 
not be  washed  and  dritnl  without  losing  carbonic  acid  and  alMorbing  oxy- 
gen. This  substance  occurs  in  nature  as  upathote  iron  ore^  or  iron  ji^mr,  aa- 
Boeiatod  with  variable  quantities  of  calcium  and  magnesium  carlKinntes; 
also  in  tho  common  r/ny  tron-Kioitr,  from  which  nearly  all  the  Itritihh  iroo 
is  made.  It  is  often  found  In  mineral  waters,  lM>iug  soluble  in  exc(^4ts  of 
carbrmio  acid  :  such  watt^rx  are  kiiOwu  by  tho  rusty  mattor  they  deposit  oa 
ox|K>sare  to  tho  nir.     No  ft-rric  carlKMiate  is  knowa. 

T\iQ  ptiotp/taia  of  iron  are  all  iuaolubU.* 

Iron  Salphides. — Several  oomponnds  of  iron  and  sulphur  xn 
Icnown :  of  these  tlie  twf>  miwt  imi>(»rt:iuL  an*  tho  following.  The  womuntU 
ji/titie,  or frrroua  aulphitlt,  FeS,  Is  a  blackitjli  brittle  sitlistance,  attracto<I  by 
the  magnet,  formed  by  heating  together  iron  and  sulphur.  It  is  dissolved 
by  dilute  acids,  with  evolution  of  8uIphur*itlLHi  hydrogen  gaa.  and  is  ccwu 
Rtantly  employed  for  that  purpose  in  the  ialmrntory,  being  made  by  pnw 
jc'jting  into  a  nvl-hnt  crucible  a  mixture  of  1^  i>.nrt.s  of  sulphur  and  4  parts 
of  iruu  liUngH  or  biiringa  of  cost  imn.  and  excluding  the  air  aa  much  as 
p<^ssible.  The  same  Miiljettauoo  is  foruuMl  when  a  bar  of  white-hot  iron  is 
brought  in  contatrt  with  sulphur.  Th^  hisutjthide,  FeS,,  or  iron  pyrites,  is 
a  natural  prodiu-t,  uouurring  in  rocks  of  all  ages,  and  evidently  formal  in 
many  cases  by  the  grailual  deiixi'latiou  of  fermuH  sulphate  hy  organic 
matter.  It  has  a  brass-yellow  color,  is  very  hard,  not  Attracted  by  the 
magnet,  and  not  acted  ujton  by  diluto  acids.  When  it  Is  exposed  to  heat, 
■  ulphnr  is  expelle'l,  and  an  inlerrnedlati'  SDl]»hide,  Ke^S,,  annInj>ouH  to  the 
hlook  oxide,  is  produoe«l.     This  substanoti  also  ocourti  native,  undnr  the 

♦  Trlferrous  nrthnphonphite  FejPaO.-Aqi  may  be  preparetl  from  rfliioflfp  ortTio- 
pho«|iliKte  nnd  ff  rroui  iulph<tre,  tb«[r  soluttont  tinvlnir  b€*eii  previously  ileprfvMl 
or  air  by  boiling.  Tbe  preolpltnte  muHt  be  waabed  and  dried  out  of  roniapt  of  air. 
It  U  a  white  powiler.  inaoluhlo  in  coM  water,  soluble  In  dilute  mlner-^l  aciiU,  aud 
•Itehtlr  1"  carbonic  fifiil  iIMutc  acetic  acl'l.  Ammonia  dlaiolvca  It,  formlnfr  a  vfllnw 
•olutluii.  het'omlnK  turbid  oo  eKpoaure  to  the  air.  When  the  recent  procinltate  it 
vachtHl  and  dried  with  evpoaure  to  tho  air,  it  la  oxidized,  becoming  blue,  paaalu 
to  the  ferro»o  ferric  orlhopboaphate  contnlntng  2Fc.P,<»,f  rc..O,,PO,tA(i,e. 

Ferric  i>yrnpho«phate.  Fe.PaiJfl.Aq,^  la  prepared  by  prrdpitatlnir  nculral  frrrio 
«hlnrlde  by  aoHiurn  pymidioaphate.  Wbile  powder,  Intoluble  in  wtfer,  aoluUe 
la  acidai  tolutloD  of  sodium  |ihosphate,  noimouia,  aud  Ita  carbooatea.-  R.  B. 
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of  mngnttic  pyrites.  Imn  pjrrit<yi  im  the  mAt«Hii1  now  chiefly  em- 
plo/ed  fur  tliii  luAiiufacture  of  aulptiuric  auid  ;  fur  tliis  purpo»u  tliv  iuin«rAl 
w  foiuiUhI  ill  a  curroni  of  air,  aiul  tlu«  (*ulji)iiiriinK  iumi)  runnel  b  |uu(Ht>4l 
iuto  thu  leud  chumtttirti ;  tb«  resitluu  omhiiilA  of  iron  oxide,  rrm{iit;ntl,v  ooii- 
tiinlui;  a  quantity  of  oupper  largu  vuuugh  tu  rumivr  th«  L'xlrm'tiuu  uf  tliat 
iiiuial  rtrtiiunurativv. 

('ompi>un'U  of  Iron  with  pAoipAonu,  carbon,  and  tilirvn  vxiat,  Imt  liltl*!  \h 
known  rif«p4.'cttng  tltoin  in  a  dt:>Rnitti  state.  Thf  earlmnidc  i*  tttntniuiHl  in 
vAiit  iron  and  in  HlhA,  to  whirli  it  (»iiniuuuii-ates  nady  ruHihiliiy  ;  (Im*  ttili- 
i«in'0uiui)ound  is  aluo  fuuud  in  cadi  iron.  I'luMpliorun  is  a  wry  hurtful 
sulMtauoe  in  bar  irou,  n»  it  renders  U  brittle  or  cotd-ahort. 


RaAfTiosB  OF  tB05  Samh. — Porrons  salts   are  thus  diatlnguiflhfvl 

VttM*t it:  alkalies  and  aituwmiit  give  nearly  while  precipilulttH,  in»(>lulil«!  in 

(xi't^H  <<r  the  reagent,  rapidly  bfKSoming  grveu,  anil  ultimately  brown,  by 

IHMure  lo  air.     Tin.*  rarbanatf*  of  ftotugtium,  nm/Zum.  and  amuvMium  tbrnw 

Inwn  whitieh   rerroini   inirboiiatu,  also    very  subject  to  change.      Hfftlrinjrn 

Ijthiifr  j|:iv<*«  no  pri'eipital)',  but  wnmnnium  suffthi^e  throws  down  bliiek  nr- 

Kis  <tnlphide,  Holuble  in  dilute  acids.    I^ttuimium  ferroctftmidf  givtw  a  nearly 

'lute  preoipitate,  becoming  deep-bluo  on  expMurv  to  air  ;  ihu  JerrictfonitU 

ived  al  0UC4]  a  dtHJp-bluu  precipitate. 

Fftrrlo  ialta   are  thns  charatderized  : — 

Cnuitir  Jiretl  ittluitiea  and  ammojiia  give  fuxy-rcd  prccipitatcH  of  ferric  hy- 

rale,  insotuhle  in  excefln. 

The  airfutiuitrx  Iwdtave  in  a  ftimilnr  manner,  the  carltnnie  arid  psrnping. 
fyilroijrn  tH/ftliitir  giv<u)  a  nearly  whiu^  precipitate  of  Hulphnr,  and  ri*duci9A 
liM  rtffHi^uiuxtde  to  ntonoxidr.  AMmonium  mlphitJe  giveM  a  til.iek.  jirecipitaie^ 
lliglitly  Holnbhi  in  exci«K.  IhtaAainm  ffvror^nnide  yii'Idit  l*ru?tsi;in  bliiit, 
*ineture  or  Inrintifui  of  guU-nuu  atrikce  intuuHe  blulsh-blaok  with  the  mu«t 
Lllute  aolutioua  of  ferriv  aaltji. 


Iron    Manufaotnre. — Thi^    tmi^t    important  branrh  of  induct 
inninti*,  a>   now   c<mdnctcl,  of   two  di.stinct    pnrts — vlx.,  tlio    production 
rom  the  ore  of  a  fnaihle  carUmide  of  iron,  and  the  Mulrseijuent  decvimjMwi- 

ni  uf  the  earUinide.  and  ita  convemion  into  pure  or  nuillent>h<  iron. 

Tile  clay-iron  ore  is  found  in  a«tw>ciation  witli  r<ial.  forming;  thin  UmIh  or 
kmiulefi :    it  cousiflts,  as  alreaily  mentioned,  of  ferrnuH  earlmnate  nnxtd 

ith  elay  ;  sometimea  lime  ami  magneHia  are  aIho  preHcnt.     It  lo  broken 

pi#n^e«.  and  «>xp««od  to  heat  in  a  fumaivi  resembltni;[  a  lime-kiln,  by 

'binh  the  water  and  earhf>nic  acid  are  expelled,  and   th«  ore  renderi*"! 

Ifirk-colored.  denser,  and   aUo  majrnetic :    it  is  then  ready  for  rednetion. 

'he  fi)rna<-e  in  wliich   tliis  oper.ition  is  pt^rforraM  i«  nnnallv  of  v*'t\'  Inrpe 

linii'nHions.  ."iO  feel  or  more  in  h''ijjht,  and  oonstrnetfd  of  brickwork  with 

[real    solidity,  th*>    iiit<Ti"r    l>eing    lined  with    exr*»lhMit    fire-brlcki* :    the 

ihupe  will  be  understwwl  from  the  section  fth^wji  in  fig.  ir>9.     Tbi»  furnace 

ebjee  at  the  bottom,  the  Are   b»?inc  maintained  by  a  powerful  nrtinHal 

»li*t   intriMluewl   by  two  or   ibrei*   hrtftr^-piftfn,  afl  uliowii   (n  (h«   ««'etion, 

"'he  materials.  ron»i'*finff  of  due  proportion  of  coke  or  cMrlxmizwl    ivml, 

fiiistH  ore.  and  limf-^tone.  are  ivinsianily  siippllH  from  tb'*  top,  the  ofw- 

itiun  protHx'ding  «:iuitinuouMly  night  and  day  often  for  yrars^  or  until  tbfl 
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b  J«%«i  ftv  iiflu  iiyrfi>    fai  tlM  upper  part  of  the 

rmy  Mgh,  anA  wki«r«  ennlnistibl* 
llw  imn  .of  the  ore  is  p 

to  the  mMallic  etaifi,  bpi   

tknmicfa  th(»  varthv  niKtter 
u     A&  the  vbolv  sinka    t1r>wa 

^lv     I  mawum  m  vtiU  U^«r  degree  of  h 

j^A  Y^  III"    "■'    ■  vUI»  th*  vUioa  and 

C^Ki^  V-\  laiW  Willi  tbe  line,  fturpa^Xj  addvd.  to 

fc^^V     V  \  •  U»d  of  gliM  or  tiag,  nnrljr  fr^w  frt<ia 

ty  \  Ins  oxide.    Tbe  oubookle  aofl  slag,  botk 

E:M_  I  ifc  •  ■rilHd  rtate,  reach  ml  laat  the  U>ttoa 

pJ^^g:       1:^1  *f  *^  tonuMr,  «h^r«  thev  arrangf  theoK 

f^^HK       ^^\  tolraa  in  tfae  ordrr  of  tbrir  deusiciee  :  iht 

^^^Hjlt       Ell  abiC  flow*  oat  ai  wrtam  apertarca  ooa^ 

O^^HP        ^^\  tiifad  fer  tha  parpose,  and  the  fnm  to 

S^^VT        1^1  Htofliaagad  froa  tiaie  to  time,  and  aoflend 

to  i«ii  ittto  rade  mnnMi  of  sand  br  opvii* 
in^  an  eriSov  at  tha  bottom  of  tht^"  recipi* 
eat.  preTHHMljr  stepped  vith  clay.  Such 
is  ihtf  oriirin  of  oiiiie.  mj<,  or  /m*?  irtm,  of 
which  ihi  1  .i>tin- 

gili»h«d  !■;  iiH-sta, 

Iand  caaipi«ri>ii.ii.  •wr^t  kii<.-v<.it  i^,  iti>-  uumr^ 
of  yrajp,  Wact,  aad  miiir  trvin.     Tht*  first  >« 
for  DKiAt  purpoaea  the  best,  ac  it  a«initU  of  bein^  filed  and  cut  vitli  iirrfi'd,, 
aa^.     The  black  and  gra.v  kintis  prvliabl.v  (xmtain  a  mechanical  admixtura 
of  graphite,  ahtch  9rp»rates  duriuj;  aH4idiIicatioQ. 

A  great  improremeot  iu  thetirigiual  mode  of  conducting  the  proeeaawai^ 
the  suLetitution  of  rav  ooal  for  coke,  and  the  blowing  of  hot  air  *TTr1rntj 
of  cold  into  the  fttrnace.  This  is  effected  by  causing  the  air,  on  Irariug 
the  blowing-iuachino.  to  cinnilatc  throu);b  a  eystem  of  rod-hm  iron  pi]H4, 
until  it«  temperature  bvoouicA  high  enough  to  mrlt  lead.  This  alteration 
effeets  a  prodigtons  aaring  in  fuel^  without  injury  to  the  quality  of  the 
product. 

The  conTeryion  of  cast-  into  bar-iron  is  effected  chiefly  by  an  of>vratJuil 
called  piufd/i'ng,  prvvinus  to  which,  howerer,  it  Bomeliines  underg<»ca  a  pro- 
cess ealh^  rrftninff,  which  consisU   in   rvmelting  it,  in  cuntact  with  the 
fnel,  in  .•tmall  low  furnace«  calKsl  fx/ineries,  while  air  is  blown  over  it!»  »ur- 
fat«  by  means  of  twycres.     The  effect  of  thifi  operation  Is  to  deprire  the 
irtm  of  a  gr<>at    pari  of  iho  carl)on   aod  silicon  aasociat*-*!  with  it.     The 
ini'tal  thus  pnrifled  is  run  nnt  into  a  trench,  and  fiuddtnly  cooled,  by 
bioh  it  N'comt'S  whit*',  crysMlline.  and  exws»dingly  hsnl :  in  this  Btata 
callt^yi'"^  rwJal.     The  puddling  is  tximiin-lt'd  iu  an  ordinary  reverb*^ 
furnace,  int«)  which  th(>  charge  of  crude  or  of  fine  metal  is  intro- 
br  aside  ap»*rture.     This  is  speedily  melted  by  the  flame,  and  its 
covered  with  a  crnst  or  oxide.     Tho  workman  then,  by  the  aid  of 
hIOi^   diligentlj' stirs  the  niftted  masft,  »o  n.i  intimately  to  mix  the 
with  til0  metal ;  h**  now  and  then  alsoihmwn  in  a  little  wati-r,  with 
«l  arotDOting  more  rapid  nxidfttion.     Small  jets  of  blue  flame  aoon 
•^     ,-T- *■-'•■  of  the  iron,  and  the  latter,  an»»r  a  time,  begina  to 
lin-s,  in  surctwsion.  a  pasty  and  n  granular  oon- 

...._.  .M'-  fire  is  strongly  urgi'il,  the  fiandr  particU-s  onoa 

t^  CMit^nt*  of  tilt*  furnace  now   admit  of  being  formed 

\dkar  BUtsa<>5,  which  Rre  then  withdrawn,  and  placed 

^^^et,  aoved  by  maehinery,  by  whioh  each  I»e0omei 
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qnioklj  fubionod  tnto  a  mdpl>Ar.  T1ii9  in  n>}i«itte<l,  and  paMed  between 
grtmved  cftst^iron  rolleni.  ami  drawn  out  into  a  lonj;  bar  or  rod.  To  mnko 
the  i'>vAt  iron,  tlie  bar  U  lUit  into  a  nnnilh^r  of  jti^^CfP*  wliioh  are  aftorwards 
piltHl  or  bound  ti>f;f(hiT,  U|;aiii  raUrfi  to  a  webling  htrHl,  ami  linmiiifD-Hl  or 
rullcd  into  a  Hiii^U*  Iwir  ;  and  this  proci-ss  of  p*itnff  or  Jnt^otimf  U  sotur^liiut^ 
twice  or  Ihriot!  rej>eatiHi,  llu*  i«»n  bvoouing  greatly  inii>roved  IhiToby. 

Tliv  KotiKrnl  n.-itur**  uf  the  change  in  the  jiiiildling  furnac*<  lit  n<it  dtflioaU 
to  explain.  (.'nHt-lron  mit»ii8t.H  fssi'ntially  of  in>n  lu  L<<imbiuation  with 
carbitn  and  (•ilicoii.  \Vht>n  HtroiiKLv  liuated  with  iron  oxid«,  thofte  ooni- 
poundN  tinili*r;;u  ilcojiiipiiftition,  the  carbou  and  eili»)n  bouomiug  oxidised 
At  tilt:  L'Xpi-nsoof  tbe  oxygen  of  tho  oxide.  As  thia  change  tak««  place, 
tlie  m^'tal  gmdiiAlly  Iohoh  ita  fusibility,  but  rotAlUA  a  certain  dt^rtw  of  ad- 
h«mivfniii<4,  m>  tliat  wbrn  at  lant  it  cx>iiii'9  undfr  tho  tilt-bammor,  or  bctwoim 
the  roUiTt)*  tho  partlelfri  of  iron  bi*L<<}inv  agglutiuatcd  into  a  solid  niaas, 
while  tbe  readily  fusiblu  bilii'-ale  of  tlio  oxide  i»  tiqneeiud  out  and  aepa- 
rati*d. 

All  thwo  proc^ssea  are,  in  Great  Britain,  pnrformed  with  coal  ar  ooke; 

but  the  inju  obtained  is,  in  many  reapocta,  inferior  Uj  tlial  mftde  in  ftwdlf-n 

&ud  Kiuiiia  from  the  ma^netiu  oxide,  by  the  inte  of  wood  chariMml — a  fuol 

dear  to  Iw  exti'iiitivfly  emidoyed  in  England.     l'lat«  iron  is,  bowever, 

>m«tinies  made  with  rbarcrml. 

A  method  of  prodncing  malleable  iron  diroctly  from  tbe  ore  has  been  in- 
^Veat4nl  by  C  W.  Sit'iiien«.*  The  furnac**  «msi»ta  of  a  rotat^^try  iron 
'Under,  wblcb,  by  mean^  of  wbeel-^t>.irin};.  may  he  madn  lo  revolve  either 
mr  or  live  times  or  from  'iO  to  hO  tinn-s  in  an  hour,  Tbe  ore  to  be  anuOted 
broken  into  fragmentH  not  eX'-eetUng  the  ttize  of  i>eaH  nr  lM.*aii8  ;  und  to 
ifl  aildivt  lime  or  other  dnxlitg  niuterini,  in  hikIi  pro|M)rlion  thnl  the 
kU|ruo  wmtaiDtHl  in  the  ore  and  Ilux  tKmihJnes  with  only  a  littU  ferrous 
[Oxi'le  into  ha^ic  and  tluid  tiUg.  If  tlieure  \n  bvmatite,  or  contains  siUea, 
is  best  to  add  alumina  in  thudhajM*nf  aluminoua  iron  ore;  man^nnifet^ms 
m  may  aUo  1h-  aildttd  with  advaittaKe.  A  ebar^e  of  ab>»ut  20  cwttt.  of 
re  ii  put  into  the  furnare  when  fully  hi>att^<l,  while  it  iit  rcrolviiig  ftlowly, 
about  forty  minutert  this  cbarge  of  ore  and  fluxing  material  will  hare- 
heatvd  to  bri^rbt  re^lii.'-sft,  imd  at  this  time  from  5  to  G  cwt,  of  smaU 
of  uniform  uize  (not  Inrger  than  nntA)  in  aildeil  to  tbe  charge,  wbiUt 
le  rotative  velwity  in  ini-reaaed  in  order  lo  accelerate  the  niixtun^  of  coal 
id  ore.  A  rapiii  rewtion  in  the  n'snlt :  the  ferric  oxide  being  nniueed  to 
lagnetio  oxide  begins  to  fuse,  and  at  the  rtame  time  metallic  iron  is  pre- 
ipitaUid  by  eaeh  pieee  of  carUm,  while  the  fluxing  materials  form  a  fluid 
rith  Ibif  flilioooUN  ganpne  of  the  ore.  The  slow  rotative  actinn  \»  then 
resnrliwt  to,  whereby  the  mjias  is  tnrnM  over  and  orer,  pri>Henting 
tnually  new  surCaoet  to  thu  heatod  lining  and  to  thf>  flame  within  tho 
ttator. 

When  the  reduction  of  the  iron  ore  ia  nearly  completed,  the  rotator  is 
ijipt»d  in  the  proper  poaitiou  for  tapping  ofT  the  fluid  cinder;  after  this 
le  qnii.'k  ipetid  la  imparUNl  to  the  rotat/ir.  whereby  the  lty»e  maafleft  of 
m  contained  In  it  are  rapidly  collect*^!  into  two  or  three  metallic  halla. 
*he8e  are  taken  out  and  shingled  in  the  nttual  way  nfroiiwjliiiating  puddled 
ilU;  tbe  furnace  i»  tapped  again,  and  is  r>>ady  to  receive  another  obarge 
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Bteel. — A  very  remarkahle  and  most  naefnl  snbstanr.\  prepared  by 
beating  iron  in  conta<!t  with  ehareonl.     Bars  of  9w<wiiflh  iron  are  inibinlded 
oharooal  powder,  oonlaincid  in  a  large  rectangular  crocible  or  choat  of 


*  Ohem.  Soe.  Jour,  18r4,  p.  071 ;  W«tt»*a  DteHonarr  of  ChemUtr]r,3d  SuppL,  p, 
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*oint«  Kiitstanw  oapalilu  of  i^lfithip  the  fire,  ami  oxp68«Nl  fur  m»iiT  U 
to  0  full  itid  bi'jii.     Tilt*  iron  tftkm  up,  iuhUt  UifHorirotiiawiamit^.  ("mm, 
to  1.7  i»T  fK^uU  of  carlKni,  iK'wiiiiiiig  liurH.T,  amt  at  the  kaiih-  time  /u*i 
with  u  wrtaiii  dimuiution,  howi-rnr,  of  lunl lea lii illy.     Thr-  acti%«>  a^i 
thiif  CfiiifiitAtinji  prijo-hs  \a  pn.ljaUy  carbon  iuim«&iiif  :   the  oxTi 

air  iu  llie  cruril.I uiiliiiifK  with  ih,'  tjirUui  to  roriu  that  ttul«lAi_. 

ia  aftiTwartla  <l»*i-«>mi"w*il  by  tbu  hvatetl  irun,  oiio-half  of  iUi  ooirti 
■Iwtractod  by  tin*  Julh-r.     TIil-  carbon  dtoxidu   tlittn  furmtwl   take*  np" 
addiliuual  tlosn!  of  carUtn  frtnu  ilie  ckuroual.  and  a^^ain  bt^^tuiL's  laouoxi 
tliu  oxygen,  or  ralbitr  Lb»  carliun  dioxide,  acting  m»  a  earriof   U^tw^cn 
chan^wl  and  tho  nii'lal.     Tby  prtkluct  of  tbiB  operation  is  i-all«l  Uuti 
Btvtd,  from  the  blibtrrttl  and  rou^h  appearanc«  of  the  liars:   tht*  toxtui 
aftcrwanlH  iniprov'(;<t  ami  nqnaUxfd  by  w«*iding  a  number  of  ihtwe 
tog«lbcr,  and  drawing  the  whole  out  umltr  a  light  iilt-haxuiu*-r. 

tJonie  cheuiintjf  havu  ruix-utly  a»8crt*.Hl  that  uitrogwn  ia  aeovsMtiry  for 
production  of  Btf»!l,  and  liavf,  iu  fact,  attributed  t«»  it*!  prctfc>noe>  thv  u*wii 
pro]K.Ttie8  of  this  malfrial ;  others,  again,  have  diapuU'^t  thu  aaaertion. 
Iielntvc  that  th«  tranMforiualion  of  iron  into  sUvl  depeudii  upou  Ibu 
lation  of  earbon  only  ;  experimentally,  the  qut^tton  remainK  undecidi*«l 

Kxwllent  atwl  in  obtained  by  fusing  gray  cnat-iron  with  tungstic  oxi 
thL'  carbon  of  the  iron  reducea  the  tungntie  oxide  t*»  tungsten,  which  foi 
with  the  iron  an  alloy  po8:)eiM(ing  the  properliti*  of  ttteel.     The  quantity 
tung«ten  thus  aimorbeil  by  the  iron  i»  vory  suiall,  and  some  chemititM 
tribttto  the  pmpertieit  of  the  ho-called  tungnten  atoel  to  thu  grneral  treat- 
luunt  rather  than  to  the  presence  of  tungsten. 

The  most  |>erfeet  kind  of  Ht<-el  in  thitl  which  has  undergone  fusion,  hi 
in^  been  ca^tt  into  iiigid   moulds,  and   afterwards  hamiuere<l :    of   this 
fine  outtiug  instrunienta  are  uiailo.     It  is  difficult  to  forgvk,  requiring  gt 
skill  and  care  on  the  jmrt  of  the  o|>rratnr. 

Steel  may  n\»»  Wi  inaile  directly  frnni  snnie  fiarticular  varietieci  of  oi 
iron.  a«)  that  from  npalhofle  inni  ore  containing  n  litllemangam^e.  Theni**! 
bi  retaini^Mi,  in  a  nxdied  state,  on  the  hearth  of  a  furnace,  while  A  sti 
■  of  air  plays  U|Min  it.  and  caufti^  partial  oxidation  :  tlie  nxide  produi 
reartH,  aa  b^tfore  Htnttnl,  on  tlu*  carlx^n  of  the  iron,  and  wilhdrawA  a 
tlon  of  that  elem»»nt.  When  a  pmper  degree  of  stilfnetut  or  pastint^s 
ohiierve<l  tn  the  rettidnal  metal,  it  in  witlidrawn,  and  hammered  or  rolli 
into  bars.  The  tfoo/z,  nr  nallre  steel  of  India,  is  prolmhir  made  in  this 
manner.  Anneale*!  eant-iron,  aometiineii  cjiUed  no*  «/«■«•/,  is  now  inuuh  eiu- 
ployetl  as  a  snljcttitnto  for  the  more  eimlly  prodnrLs  of  the  forge  :  the  ai 
v^Im,  when  east,  are  tMidM>«ldeil  in  pnwden>tl  iron  ore,  or  ttouie  earthy  tUAterii 
and,  after  iH'ing  exp'wt'd  to  a  Tno«ierate  re<l  heat  for  »niup  tiiue,  nr»'  nlhTni 
to  rool  slowly,  by  whirh  a  %*ery  great  degree  of  softness  and  ninlleability 
attainnl.  It  is  verv  po!>»iible  that  some  little  decarbonizatiun  may 
place  during  this  priHvSii. 

Caat-«teel  may  aliio  U'  made  in  Sieniena'a  rotatory  famaoe  Rbov^ 
ncrilN^d.  the  ball*  l>eing  transferred  from  th«  rotator  to  the  l>ath  of  a  M 
melting  furnace  in  th«ir  heated  condition,  and  without  aubjeeting  them 
previous  mnitolldation  under  a  hamnwr  or  shingling  machine.     It  is  po 
i)le,  hnwever,  U>  pusli  tlie  o|»erAtii)n  within   llin  rotatjir  t^i  the   j^rfdnt  of 
taining  casl-steel.     For  thin  purpose  the  relative  aninunt  t>f  carlxmaceot 
matter   is  Bomewhal   increased   in  the   first   instance,  so  that   the  b.%11, 
shingled,  would  1>*>  of  the  nature  of  puddlod  steel,  or  even  contain  »at 
carlMin  mwhanicAlly  mixwi. 

UrAMfuur  »tr*l  U  produced  by  forcing  atmospheric  Air  into  nielto<|  cuii 
iron.     The  carlwin  Uring  oxidize<l  uiorc  n-adily  th:ui  lliuiron,  it  i»  eonverta 
into  carbon  monoxide,  which  e*cA|H-s  in  a  sullicienlly  hfat«<(i  state  to  tal 
flrv  on  coming  in  contact  with  atui««pht- rlc  air.     t^tuablvrable  heat  la  f;tM 
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rated  by  the  oxidation  of  the  oarhon  and  iron,  bo  that  th«  tempvratnre  in 
kept  abovu  the  unflting-point  of  Htwl  during  thu  wliolo  uf  the  operatiou. 
\Vh(»n  Iho  deuarbaratioii  baa  be«u  cyirrii'd  far  uoniigli,  ibn  ottrronl  of  air  is 
8tJ>ppH,  and  a  small  quantity  of  wliil<*  pig-imn,  containing  a  large  amoant 
of  mangantnte,  is  dropped  into  the  liquid  metal.  Thin  servtn  to  faoilitatv 
tht'  Dtfpnration  of  any  gas  retained  with  thu  melted  metal,  which,  aftrr  a 
few  ininatea*  rwit,  \»  run  into  ingot  uionldii. 

The  most  remarkablo  propirty  of  Ht4?cl  is  that  of  lH<coDilng  exot-odingly 
hard  whtfu  quickly  oovhM.  When  heated  to  redness,  and  nudd^nly 
quenchf«l  in  ooM  wntrr,  att^I,  in  fa«l,  Ixn'oruiM  capabltn  of  scratWiing  glasH 
with  faoility:  if  reht^ated  to  nnlneKH,  and  once  more  left  to  oool  slowly,  it 
again  bi'^MMia'S  nearly  as  soft  as  ordinary  iron ;  and  betweou  theno  two 
oouditiduii,  any  required  dfgre«>  of  hardneas  maybe  attained.  The  arti- 
cha  furgwl  into  sliape,  are  Urst  hardoned  in  the  manner  described ;  they 
are  then  trmftrrni,  or  irt  dmvn  by  exposure  to  a  proiK-r  tiegree  of  annealing 
heat,  whii^h  is  often  judge<l  of  by  the  color  of  the  thin  film  of  oxide  which 
appears  on  the  iMiIiahed  surface.  Thus,  a  temperature  of  atnmt  2210  C. 
(-J3lC  K.),  indieated  by  a  faint  straw-ciilor,  givi*?*  the  proper  temper  for 
razors:    that  fur  Hcisaiora,  penknives,  ete.,  is  uompriMcd   iK'tween  243<^  C 

U^nd  'JMO  C.  (47IM1HIO  K.),  and  is  indicat.xl  by  a  full  y.dlow  or  brown  tint. 

BHBwords  and  wateh^pringH  require  to  \\v\  nnfter  and  more  el.iiitin,  and  must 
T)o  healM  to  28tfi^  or  2yao  C.  (550-r)*J(«O  p.),  or  until  the  surface  becomes 
deep  blue.     Attention  U*  thew  eolurs  hiw  now  lM*w«ne  of  li-w  importanoOt 

td^al  baths  ore  often  subsiilulod  for  tliu  open  lire  in  this  operation. 
Nickel  is  found  in  tolerable  abundance  in  some  of  the  metal-be&ring 
Ins  of   the   8axon   mountains,  in  Westphalia,   Hessia,   Hungary,  and 
tyUtin,  chiefly  as  aritenide,  the  hupfernirlcA  of  niinernlogists,  so  ealled  from 
nb'^llowiKh-red  (xdor.     The  wor^i   nickel  is  a  term  of  detraction,  having 
been  applied  by  the  old  German  miners  to  what  was  looked  upon  as  a  kind 
of  false  copper  ore. 
I^L    The  artificial,  or  perbapf  rather  merely  fn«e<l  prodnct,  called  t^tciu,  is 
^Huorly  the  sanio  sulmlance,  and  may  he  employed  as  a  sourt-e  ttf  the  nickel 
^^falts.     This  metal  in  found  in  metc»rie  iron,  as  alre»ly  mentioned. 

Nickel  is  efti«ily  prepared  by  exposing  tlif  oxalate  to  a  high  white  heat, 
In  a  crucible  lined  with  fharotal,  or  by  rwlucing  one  of  the  oxldos  by 
means  of  hydrogen  at  a  high  t**mp«rature.  It  is  a  white,  malleable  metal, 
baring  a  density  of  8.8,  a  high  melling-iMiint,  and  n  b»88  d«'gree  of  oxlda- 
Wlity  than  iron,  since  it  is  but  little  attacked  by  dilute  acids.  Nickel  is 
strongly  magnetic,  but  k*3ca  this  property  when  heated  to  350^  0.  (tit>2P 
.). 

IVickel  Chloride,  Nif'L,. — This  compound  is  easily  prepared  by  dia- 
solving  oxide  or  (^arUuiate  of  niektl  in  hydrochlorie  aci<l.  A  prwn  scpIu- 
tion  is  obtained,  which  furnfubes  erjstais  of  the  name  color  <nntjuniug 
water.  When  rendt^refl  anhydrT>n3  by  heat,  tlie  chloride  is  yellow,  anleas 
It  contains  cobalt,  in  which  cn^e  it  has  a  tint  of  green. 

Nickel  Oxides  and  Oxysalts. — Nickel  forms  two  oxides  aiuUogoas  to 

two  priru'ipal  oxides  of  iron. 
The  wKjmixw/c,  XiO,  is  prepared  by  heating  tho  nitrate  to  redness,  or  by 
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prMipitattng  a  sGlubh*  nioknl  salt  with  caustic  potash,  and  waaliing, 
iiig,  and  igniting  Xhv  apple-groun  hytlrait^l  oxido  thrown  ilowu,  Ji  u 
a»hy-f;ray  powdt^r,  Tre^tly  »<»luble  in  ucids,  which  it  ooropletuly  uuulnili 
forming  5alt«  iHttmorphuuti  with  tUoal^ol' maguesium  and  tho  other  mtrml 
of  Ihu  sauif  gruup.  >')tkul  italttt,  wh«u  hydrutiil,  have  uisualljr  »  beaal 
emcrald-grLi'ii  onlar;  in  the  aniiydrous  atal**  lhi;y  are  yfUow. 

Thi*  ieMjuiojiile,  Ni,(J,,  is  a  bUi<:k  iuHulutik'  tiubbtancv,  proparod  hy 
shlorino  through  the  hydrnti?*!  monoxide  sufiiifudtiti  in  wau-r  ,   uickul  dil 
ridti  lA  then  lorincil,  and  tli«  oxygvn  of  thu  oxidti  dvcumpObtMl  is  traiufrr 
t<»  a  RLHuind  iKirtion.      U  io  alHu   prtnluced  when   a  salt  of  uickel   in  mix* 
with  a  wdulion  uf  hl*?at'hiug-powdLT.     Thu  ei(w<|uioxidi>  is  tl<?euiup««t>d 
heat,  and  tivolTua  uhluriuu  whun  treated  with  liut  hydrouhluric  acid. 

NiCKBL  SiTLPiiATK,  NiSOj.7H,0. — Tills  is  the  most  importantof  the  nit 
■alts.      It  foniui  gru**u  prismatic  cry<4tiila,  which   require   3    part*  of 
watur  for  Holutiun.     Crystals  with  six  luuleculHii  of  wal«r  have  also  U 
ohtainud.     It  foriua  with  thv  aulphatL-a  uf  potaHaium  and  auiuiouium  bent 
liful  douhle    salts,    NiK,(S<\),.6HjU,    and    Ni(Ml,),Ci><J,),.t;iJ,0,   taooic 
phnuH  with  the  corresponding  magneaium  Balls. 

WJivn  a  rttroug  liulutiou  uf  oxalic  acid  in  mixed  with  sulphate  of  nicki 
a  pfthi  bluiHh-preen  precipitate  of  tixalftle  lalU  after  some  timti,  very  littla' 
nickel  n'tUHining  in  bulutiuu.     The  oxalate  can  thua  Ih>  obtained  fur  pre- 
paring the  metal. 

NicKKL  CARiinirATB,  NiCOj. — When  solutions  of  nickel  stilpliate  or  «faliv 
ride  and  of  aodiuin  carbonat*'  are  mixi«<],  a  pale-grtren  precipitate  falls, 
which  iH  a  combination  of  nickel  carbonate  and  hydrate.  It  la  readily 
drcnmpimed  by  hi*nt.  ^H 

l*ure  uickfl  H.ilt.s  are  uonveniently  prepared  on  the  small  scale  from  erud^H 
spvisfl  or  kupfcrnickel   by  thi<  full(»wtug   proo*y*9  :    The  mineral  i*  broken^" 
into  small  frairrn«Mitt4,  miX4Ml  with  fmrn  ono-fourth  to  half  itu  weight  of  imn 
filiugti.  and  the  whole  dissolved  iu  nitro-nmriatic  acid.     The  stdution  ia, 
gontly  evaporated  to  dryness,  the  rf^idue  troatod  with   boiling  wal«-r, 
the  insoluble  iron  anienatt;  removed  by  a  filter.     The  liquid  is  then  acidi 
lattnl  with   hydrochlurio   acid,  truated  with  hydrogen   sulphide  in  ex< 
which  prtH!ipitati>s  the  copper,  and,  aftur  tiltralionf  boiled  with  a  little  nitri 
acid  t't  brini;  Imck  the  iron  to  the  state  of  sitwininxide.     To  the  cold  au< 
largely  dilnteil  liquid  solution,  aoid  sodium  carbonate  is  gratinally  adih 
by  which    the  fejrio  oxide  may  lie   «>mplptely  ^eparattvi  without  loss 
nickel  tialt.     Lastly,  the  (lltered  solution,  lM>iled  with  »;(Hlium  curbonatu  In 
exi--efls,yielrls  an  abiintlant  pale-green  precipitate  of  nickel  carljonate, 
which  all  the  nther  cumpounds  may  bo  preprired. 

The  precipitate  thus  obtaineil  may  still,  however,  contain  enbalt,  thi 
separation  of  which  is  not  very  easy.  Several  methods  of  separating  tlie; 
metals  have  been  proposed,  the  b(^st  of  which  is  perhaps  that  of  H,  Uos«. 
The  mixe<l  oxidiiS  or  earbrjoate!*  U'lng  dinsolved  in  excess  of  hyilrix.'hlorio 
acid,  the  solution,  largely  dilntitl  with  watrr,  is  snpMrAatnrated  wilh  chlo- 
riuo  gas,  wheruby  the  cobalt  momixide  is  cnnvert<'d  into  seflqninxide,  while 
th«  nick4fl  moniixide  remains  unaltertHl.  Tin-  liquid  is  next  mixed  with 
exueaaof  recently  pretnpitated  barium  carlK.nat*%  loft  to  stand  for  twelra 
to  eighteen  hours,  and  shaken  up  from  time  to  time.  The  whole  of  the 
oobalt  is  thereby  thrown  down  as  sesqnioxide,  while  the  nickel  remains  in 
solution,  and  may  l>e  preeipitaieil  Jis  hydrate  by  piuaah.  after  the  barium 
also  contain«*d  in  the  solution  has  been  removed  by  pretripitatiou  with  aul- 
phoric  acid.* 

For  other  modes  of  srparallnc  nickel  and  oohsit,  flceOmrhn*s  lUudtwok 
v.  lip.  aM-MJ]  aaU  Watts**  Olotlooary  of  OheatUtry,  vol.  t-  IMO- 
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Nickel  salU  are  wHl  rharncUrizert  bjr  thoir  Iwhavior  with  rfogt'nU. 

Caugtir  iiihtlirji  givi^  a  pal«  ApplM-^rtHJii  [preoifittate  of  h/tlral**,  iiiHnluble 
in  «xct.*ti8.  A*nin)nun  afTonlsi  a  himilar  prt'cipitut**,  which  U  suluble  In  t<x- 
cv«s,  with  tle>e|)  purplinh-hluv  ootor.  MiliiMiuM  an<l  Bodtum  atrhonntw  giv« 
pale-grt^D  prttcipilat*^.  Amnvmxum  i-nrifutmie,  a  similar  prmpitato,  ^>l(ible 
in  «Kcef»«,  with  Glue  eolur.  tyntsium  jfirriM-^trndr  riit*^  m  gri«»*ni8h-whito 
piwcipitatrt.  Hitasmttti  r^niiit  pnxiiiL'j^s  a  grciMi  precipitate,  which <li»!)olvt« 
in  an  •'xct*as  of  the  prL'cij)ita!it  to  an  amlvr-wilonMl  liquirl,  autl  Is  rvprui-Jpl- 
tat''<i  hy  ailditioii  of  hydruchlfiric  aoiil.  if^lnujm  snlphide  occasion!*  no 
chan^'f,  if  the  nick«*l  Ih*  in  L-umhiuatJon  wilh  a  strong  acid.  AmtaoniHm  tul- 
ftftute  priMjni.fA  a  bhK'k  prcrijiitatv  of  uicki*)  8iili>tiide,  whfirh  diti«otvi<« 
slightly  in  excH^Bti  ol  lht>  |ir<-cipitnnt,  with  ilark-hrfpwa  color.  Nivknl  buI- 
pliiitf,  when  nnc-o  pniMpiiulfil,  in  insoluldn  in  diluitj  hydrochloric  acid ;  It 
ia  Hoiuble  in  ultromuriatic  and  iu  hoi  iiitric  acid. 


The  chief  uh«  of  nickel  in  tho  art*  iii  in  the  preparation  of  a  white  alloy, 
tom»>timi*H  cnlbvl  Ot^rnmn  Bilvrr,  luatle  by  melting  togtrthnr  HMi  p.nrta  of 
copper,  Iti  of  zinc,  and  40  uf  niokcd.  This  alloy  is  very  malleable,  and 
taki'S  a  hi^h  |Mdiftli. 

Anothrr  application,  of  recent  introduction,  ia  th«  electrolytio  dt*pnfli(tnn 
of  nioki'l  on  iron,  Ble'd,  copper,  brans,  nnd  othnr  ui'dals,  fmin  a  snlutiim  of 
nickel  (inlphat<«or  the  double  Biilplinteorchbirido  of  nickel  and  anminntiim, 
or  nirktd  and  poiaasinui.  The  nickel  is  deposited  lu  dense  layers,  uapablo 
of  receiving  a  good  ijoliah. 
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Tnia  Bnbfitance  l>ears,  in  many  rospeoU.  a  close  rcsemhlanra  tn  niekoi  t 
it  is  ofliM)  ns!«tN!iatiHl  with  the  latter  iu  nature,  and  may  bo  obtained  from 
its  cnmimnndft  by  similar  meanfl. 

A  cobalt-Halt  fnw  from  nickel  may  Iw  preparofl  by  Rnae's  procei»s  Jtial 
described.  Thtf  precipitate,  rtxittiHtini;  of  onbalt  SMtqnioxiilc  mixed  with 
barium  cartntnate,  is  Iwiled  with  hydrochloric  aoid  to  rLMhice  the  Did>all 
sesipiioxide  to  monoxide,  and  dissolve  it  aa  ohhiride  top«tht*r  with  the 
barium.  The  latter  metal  is  then  precipitated  by  snlphnnr  orid,  and 
from  the  flittred  liquid  the  cnbnlt  may  bti  precipitated  a."*  hydrnt*'  by  pot- 
ash. A  iMttntion  »if  i-otiall  free  from  tho  nickel  may  also  W»  iibtain***!  by 
prceipitating  tht-  mixed  <4i>lntinn  witli  oxalic  aeid  :  tin-  whoh*  of  the  nickel 
iH  thereby  precipitat«il,  together  with  a  »mall  portion  of  the  oobalt,  leaving 
pure  etibalt  in  tiolution. 

Cobalt  is  a  wliite,  brittle,  Tory  tenarions  metal,  harlnf^a  Bp«;iflo  pravlty 
of  8.5,  and  a  \nry  high  mi^Uing  jxdnt.  It  ia  nnohangoil  in  tlit*  air.  and 
bat  feebly  attacked  by  dilute  hyilrochloriu  and  sulphuric  acidtt.  It  la 
ngly  maj^netio. 

Cobalt  furniH  two  niassns  of  salts,  analogous  in  ooinposition  to  the  ferrous 

d   ferric  Malts;  bnt  the  oobaltio  salts,  in  which  the  metal  lit  appart'ntly 

valenl,  are  very  iinHtablo. 

ChlorideB. — TherfirA/onV^.or  CiJmUonn  chlnriiif,  CoClj,  is  eajsily  prepared 
dirwtf>Ivin>;  tht'  oxide  in  liydr^K-hloric  acid  :  or  it  may  hv  prcpan^d  di- 
illy  from  cuiuiU'ijhiM'r.,  the  iiatirM  antenidL*,  by  a  pr<M'cH.s  exactly  similar 
that  described  in  the  caue  of  nickel,     ll  forma  a  deep  rooe-rcd  solutlofi 
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which,  when  fiufflrlontly  strong,  deposits   hydratod   crvaUils  nf  thr  «iua* 
ctthir  ;   when  thn  lu|uid  in  Mva|Hiratud   by  ht<at  to  a  wry  vnuilt  bulk,  it  dtr, 
\h>a\ls  nuUydnma  cryataU,  whioh  u-e  hlue :   tht>:»ft  latter  by  ctmtact  w 
WAtor  agniu  dUsolrc  to  a  red  liqnid.     A  dilute  solation  of  colialt  oMori 
oonntitutv*  i\u' vv\\-\tiViwn  III fte  My mfHitMetic  ini: :  oharnct^re  written  (»ii 
with  (liiR  liquid  aro  invisibU%  from  thoir  paleness  of  color,  until  tUv 
hai)  betm  reiidiT***!  aiihydroua  hy  expiHiire  to  hoai,  when  tho  Inttor^ 
ttliiu.     On  layiu>;  it  o^idu,  mni^ture  is  absorbed,  aud  tliu   nrriti 
moro  ilidappears.     Green  Bympatbctlc  ink  ia  a  mixturo  of  the  cliJoi 
oolmlt  ami  uiokvl. 

Tlirt  trichlofUie ,  o.'  Cohaltic  chloride,  CojCl,,  is  obtainod  in  solution  by  d 
solving  Ihu  seiiuioxide  in  hydroehlorio  acid,  and  in  small  ijuantitv  br 
rating  a  jtolulinn  uf  thtt  dichluridtt  with   chlorinu  ^.ia.     Tb^   liqujill 
dark-brown  ootnr,  but  easily  doooinposea,  giving  off  ohlorino  and  luav 
the  rose-oolorvd  diobloride. 


Oxides  an<l  Oxyaalta. — Tohalt  farms  two  oxides  analoc^nns  to  thcve 
of  nickel,  aUu  two  or  tlirt>t>  uf  iiil(trui«tli:ite  eomixisitiou,  hut  not  very  well 
dufinmt.     Thu    mnnoxid^.j  nr  t'tUndtnus   nxtdr,  CoO,  ia    a   gray   powder,  wi 
BoUihIn  in  acids,  and  is  a  strong  baiito,  ieoniorphoas  with  niagne«ia,  afTo 
ing  salta  of  a  line  rtnl  tint.      It  in  proparwl   by  pn^ipitnting  cobaltnns  s 
phate  or  uhlurido  with  dixlium  carlMmate,  anil  wanhin^,  drying,  and  igniti 
the  precipitiittt.     When  the  ix>baU  aululion  is  mixvd  with  L'Austie  potaa 
a  hfauttfiil  biuo  prwipitato  falls,  which,  when  bvatod,  booimkea  vioU»t 
at  U'tigth  dirty-red,  from  absorption  of  oxygen  aud  n  change  in  th»  ttlat^ 
of  hydration. 

The   sfJUfHinrUU^  or  ColktUie  oriV/c,  Cn,Oj,  is   a  bliM^k,  insoluble,  neutr; 
powder,  obtained  by  mixing  solutions  of  cobalt  and  ohloride  of  llmei 
disaolvHS  Lu  aci<U,  yielding  tho  oobaltic  salts. 

CalxUtoao-ci^ttUic  oiide^  ^>aO|,  analogous  to  the  magnntio  oxide  of  iron 
formed  when   oobnltouH    nitrate  or   oxalate,  or  liydrated  outialtio  oxid 
In  hoati.<d  in  Ci>ntact  with   the  air.     According  to  Fr£my,  it  is  a  aaiifiabl* 
baae. 

Another  oxide,  of  acid  character,  is  said  to  be  obtaine<l,  In  the  form  of 
ptitaM-4inin  i^alt,  by  fnsing  tht<  monoxide  or  si-s^uiuxidv  with   potasaiu 
hydroxide.    A  cryHtalline  salt  is  thus  formed,  oouttisting,  accord 
Bokwarzenberg,  of  K,0.3Co,0«.3Aq. 


I 


CoBAtTors  Sri.PHATB,  CoSOj.7H,0. — ^Thls  Bait  forms  red  cryBtah, 
qatring  for  solution  24  parts  of  ovXd  ivator :    they  are  identical  in  fo 
with   tluNte  of  magnesium  ntilphate.     It  combinets  with  the  sulphates 
potassium  and  aiamonium,  forming  double  suits,  which  contain,  as  usual, 
6  molecules  of  water. 

A  solution  of  oxalic  acid  addtvl  to  oobaltnus  sulphate  ocoaAlons,  aftor 
some  time,  the  separation  of  nearly  the  whole  of  the  base  iu  thu  state  ot 
oxalate. 


CoBALTOfTS  Carboitatb.— Tlie  alkaline  carbonates  produce  in  solutions 
cobalt  a  pale  pi^ach-bhwHoni-t'olorM  prttipitate  of  combined  carbonate  a 
hydrate,  wmtainirig  2CoCO;,.3rolt,<),  -j-  Aq. 


1 


Ammonlacal  Cobalt  CompoondB. — Tob&ltona  salts,  treated  with  am»' 
monin  iu  a  re^el  prolecte<l  from  the  air,  unite  with  the  nmmvinin,  forming 
^impounds  which  may  U;  callt<d  amraonio-cobal  louit  natts.     Mrwt 
of  them  contain  6  molfciilea  of  ammonia  to  1  molecule  nf  th<->  n)balt  salt  ^jH 
thus,  the  chloride  contains  Co('L.»JNlUA"  •  the  nJtrati-.  C%>(NO.u;Ml,riJ 
2Aq.    They  are  generally  or/st-  »v*OQlor,  soluUe  with* 


out  d*«cOiup(Miition  in  ainmuniA,  but  iieoompofl«(l  by  WAter,  «itb  ronuation 
of  a  bjuiio  rcilt.  H.  Rohu,  by  troaling  dry  cobalt  chloritlt^  with  auiuiuuia 
gas,  oblaliied  tboonmpoundro(;t,.4NHj;  and  in  tikeuaiUK'r,  an  ammouio- 
Htilpbattf  has  beiMi  fonniM  oonUiniii;;  CoSO^.tjNll|. 

Wh«<n  an  auimoiiiacal  Holuliuu  of  ctihalt  in  ttxjHiscd  to  the  air,  oxyiren  is 
abnorbiNl,  tho  liqui*!  turns  bruwn,  luid  iil'W  kuIu  ar««  fonued,  cuutaiiiiiig  a 
bit^hu/*  oxidu  of  robalt  (ctllKir  CA|1>j,  or  CfiO,),  and  tlierufore  d(^i^nati*d 
gttuerully  m  p*>roxidistid  aiumi/nio-vobalt  fialtn.  Several  of 
tbem,  oofiiaininK  difTrroDt  bases,  ar»  often  formed  at  thw  saiite  time. 
Most  of  tbo  i>eroxidi/.t'd  amnionio-cobftU  ttalls  are  oouipoaed  uf  nolmllio 
anlta  uuit4*<l  witb  two  »r  umrc  nioleru^M  of  ainmouia.  TUl*  compoftitinii  of 
tbtf  nurinal  salts  may  Im  illiutratud  by  tlie  cbLoridua,  an  in  tbu  followiug 
Uble  :— 

Tetranunonio-cobaltio  chloride Ca|CI«.4NH, 

Uexamiaonio-ix>baltlo  chloride  ....  CoiD^.^NH^ 

Octauunonio-cabaltic  (or  funoo-oobaltio)  chloride      .  Co|C'l,.bNU, 
Decammoaio-oobaltio  (roaeu*  anil  purpuruo-uobaltic) 

chloride Co^CI,.  1  ON  Ff. 

Dodccammouio-oobaltic  (or  lutoo-oobaltio)  chloride  ,  CVi*,*.'!^.  l-Ml,. 

The  formula  of  the  oorreaponding  normal  nitrates  arc  deduced  from  the 
receding  by  sulxitiluting  NO,  for  C'l ;  those  of  tho  sulpbat^i]!,  oxalates,  and 
er   bibosin  saltn,  by  nnlMitituting  HO^,  ^'^o  ^^-i  ^°^  *''>*     'J'hns  dfcant' 
/jtf  W/Vtfi/BasCojCSOjj.lONIIj.     There  are  also  aerural  auid  and 
Bulk  salts  of  tUu  Hunie  aiumuaia-moluculos.     Furtbcr,  thi^re  is  a  class  of 
BflltS  fiontaining  the  «-|._<mi_*nls  of  nitrngrn  dinxido  nr  nitn»iyl,  N<>,  in  addi- 
tion t*»  amiLtniiia,  *■.  y.,  di'mmmnliio-nitrono-ajtHiltir  or  xanthn-ciffHiltic  ojycA/ortc/e, 
i/«->3CV^'*'^^*'«-^'»*'i*     hftstly,  Frfimy  bos  ol>tainvd  ammoniacal  cmiiKiuuds 
•^cobaitic  aalu)  oontoiuLng  salta  of  oobait  corresponding  with  the  dioxide* 


Cobaltons   salts  haro  tho  follnwing  fharacters  : — 
Bolution  of  potoMh  gives  a  blue  priKiiiitate,  changing  by  beat  to  violet 
id  red.     Animimia  giVHS  a  blue  priwipitate,  soluble  with  difficulty  In  ex- 
with  brownish-rod  color.     SotUum  carhonotr.  forms  a  pink  pret'jpitat^. 
Mium  airbimate,  a  similar   conijwuud,   soluble    in    uxc«as.     JhtuMimn 
/erroeifeinule  t,'iV(W  a  grayidli-grecn   prt;cipitate.     /beoMisM  cyanu/c  forms  a 
yifllowish-browu  precipitate,  which  diHHoh'os  in  an  oxoua  of  the  precipi- 
tant.    The  clear  solution,  after  Iwiling,  may  bo  mixi^  with   hydrochloric 
acid  without  giving  a  precipitate.     Htfdrogtn  tulpAide  produces  no  change, 
^^_if  the  cobalt  in  combined  witb  a  strong  add.     ^mfnofn'Mm  ntlphitie  throws 
Hufewn  black  sulphide  of  oohalt,  insnlnhle  in  dilute  hydrochloric  acid. 
^^B  Coballiu  salts,  furmeil   hy  dissolving  oobaltio  oxide  in  acids,  give, 
^^■HtK  fMitanh^  K  dark-browu    precipitate  of   hydratc<t  oobaltio  oxide;  with 
^HMUmouia,  a   brownish-rtKl   solution;    with   the  fireti  ali:alin«  c»rhanai«t^  a 
^^^reen  »}tntion,  which  deposits  a  small  quantity  of  oobaltio  oxide;   with 
anunnniHtn  mlfthuk  (after  saturation  of  the  free  acid  by  ammonia),  a  black 
rcHpitat**. 

Oxide  of  oobait  is  remarkable  for  the  magnificent  blue  oolor  it  commu> 

ites  to  glass  :   indeed,  this  is  a  character  by  wiiich  ita  presence  may  be 

It  easily  detected,  a  very  small  portion  of  the  substance  to  Ix*  examined 

ling  fused  witb  borax  on  a  loop  uf  platinum  wiru  UTure  the  blowpipe; 

For  the  prcpArntlnn  nod  properties  of  nil  thpiie  anlta,  lee  WtitlR'i  DIotlonnrjr 
Obemlairy.  vuL  1.  lofel,  flm  E$upplfiueiit,  p.  479,  and  sc^'ood  £»iitjp)cmeat,  ii.  S(^ 
tetr  ratiouiu  foruulK  are  aiiullar  to  thoav  of  the  «ranoola«al  platlouB  lalta  (p. 
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iha  produetfon  of  this  txAor  both  in  the  inner  and  in  the  outer 
tin^Mhee  oobalt  from  all  other  metals. 

The  sntaBtaBoe  called  «auir,  as«><i  as  a  pi  ' 
cobalt :    it  is  Ihiu  nude :   The  coboli  on  ■.  ^ 

arwmic,  and  then  fnaed  with  amixtarv  of  ^hm.i^-ului  .  ^^id  qj 

aand,  five  fmin  oxide  of  iron.     Any  uickol  that  tu  to  Im 

tained  in  the  ore  tfa^n  suU»id«e  to  the  bottom  of  the-  ^: .. ^kS 

this  ia  the  speia  of  wliich  ueutJun  baa  alreaily  be«Ji  nia«1o.     Tlie  fla», 
when  eooiplete,  is  removed  and  |K>ured  into  c»M  water ;  i«  is  sftcrwi 
gmuiid  to  powder  and  elutriattMl.      Catall  ultminarine  is  a  fine   hlam 
prupajvd  by  mixing  16  parts  of  freshly  prvcipitAifd  alumiuawttb  2  parts 
cobalt  phospbste  or  arsenate:  tliis  mixture  is  dried  sjid  r'  tt«d 

rednees.     By  daylight  the  oolur  is  pure  blue,  hut  by  art.  ;  ji 

Ti<il«l,     A  similar  ouiupuund,  of  a  liuu  grv^n  color,  is  foiiu>-'i 
sino  oxide  with  cobalt  salts.     Zajf'rr  is  the  roasted  coluilt  orf  i 

siliceous  sand,  and  reduced  to  Unv  powder:  it  id  OBcd  iu  enamv!  j 

A  mixture  in  due  prnporlions  of  the  uxide«  of  oobaU^  xnanganese,  and 
is  used  iur  giring  a  fine  black  color  to  glass. 


I 


BftAKaAKESB. 

▲toialo  wBigtit,  b6.    Sjmtiol,  Mn.' 

Mavgahkbb  is  tolerably  abandant  In  nature  In  an  oxidized  state,  fi>i 
Ing,  or  entering  into  the  ouuipositiou  uf,  sevtTul  intervstiug    mineral] 
traces  of  this  substance  are  very  frequently  found  in  the  ashee  of  plani 

Hetallic  nmn^^anese,  or  purhaiM  strictly,  manganese  carbouide,  niay 
prepared  by  the  following  proeess:  The  carhoiiate  ts  calcined  in  an  o| 
vessel,  by  which  it  Ix'come^j  converted  into  a  dense  brown  powder :  this 
intimately  mixed  with  a  little  cliareoal,  and  about  one-tenth  of  it#  WttijL^ht 
of  anhydrous  borax.     A  charcoal  crucible  is  next  prepared  by  filling 
Hesseian  or  Coruiah  orucible  with  molHt  charcoal  powder,  introdDc<<rd 
little  at  a  time,  and  rammtMl  as  hanl  as  possible.     A  smooth  cavity  is  than' 
aoooped  in  the  centre,  into  which  the  nbove-raentioned  mixture  is  csjiu- 
preasod,  and  coveml  with  eharcoal  powder.     The  lid  of  the  crucible  is 
then  fixed,  and  the  whole  arran^'Ml  in  a  very  priwerfnl  wind-fnmaefi.     Tl»e  ^m 
hi«t  is  slowly  raised  until  tho  crncible  becomes  red-hot,  after  which  it  i>^| 
ur^ed  to  its  maximum  for  an  hour  or  more.     Whun  culd,  the  crucible  is- ^B 
broken  up,  and  the  metallic  button  of  nuinganese  extracted. 

Doville  has  lately  prepared  pure  manganese  by  rerlacing  pnre  manga- 
nese oxide  with  an  insufficient  quantity  of  sugar  ebaroMil  in  a  orve&o 
made  of  caustic  lime.  Thus  prepared,  metallic  manganeee  pnosnasw  a 
reddish  luHtn*  like  bismutli :  it  xa  ver,v  hard  and  brittle,  and,  when  pow- 
dered, dtH-omjioses  water,  even  at  the  lowest  temperature.  Dilute  sul- 
phuric acid  dissoLTt>s  it  with  great  euerjiy,  evolving  hydrogen.  Hrunner 
prodnoed  metallic  mangnm^e  from  mAn;:an*'<!e  and  sodium  fluoride  by 
means  of  sodinm.  The  metal  obtained  by  (lii;!  process  scratches  glass  and 
hardened  steel,  and  has  a  specific  gravity  of  7.13. 

Mangaiit^e  im  uj^nally  rt*garded  aa  a  metal  of  the  iron  group,  inasmuohrj 
aa  it  funn»  a  dichloriile  and  trichhtride  nnaloguus  to  the  iron  chluridt«,< 
together  with  oxides  and  other  com]H>undft  of  eurn*5iionding  cunttliliilion. 
t)n  tlieotlit-r  hand,  it  is  said  to  form  a  heptnchloride,  Mn(;i„  sn-^irdlng  to 
which  it  sliould  Ite  regarded  as  a  t— **-^-  «id  it  exhibits  the  same  degre^^ 
of  quantivalence  in  the  perm*  t56). 
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Iffanganeflfl  Chlorides. — Tlio  dichlarith^  or  Mangamrn/i  rhhriiif^  mny  b(^ 
pr<*pari>tl  lu  a  .stiiU- •■!  ptiritjr  from  tliv>  dark  browii  lii[ctiil  D'akIih;  of  Ww 
|)rc-|>aration  of  chloriiit-  fr<tm  manetincao  (lioxi<l<'  ami  hvtirochlurie  at*i«l, 
wliirli  otti*u  acL-uuiulult^  iu  the  laUii-Jitory  tu  a  eoiLsiilt<rubU>  i<xt*^iit  in  tlu' 
txmrat*  of  iuv^estigatiou :  from  the  pure  chloride,  the  rarhtiiiiile  and  all  tho 
uth?r  salts  e&a  bu  conveniently  obtained.  The  liquid  referred  to  oonsUu 
chietly  of  the  mixed,  chlorides  of  iuauagane«e  and  iron  :  it  in  filtered,  eva> 
purated.  to  perfect  dr/nees,  and  tliu  residue  i»  slowly  heated  to  dnll  igidlioii 
iu  an  earthen  veiuel,  with  couitttiut  stirring.  The  irou  chloride  is  thus 
either  volutilisml,  or  converted  by  the  reuiaiuing  wat*.>r  iiitcj  iiiMiluhle  se«- 
quioxide.  while  tho  manganese  s^lt  is  nnatTected.  On  treating  the  irrarinh- 
hxtking  puwdt-r  thuft  obtained  with  wat«r,  the  raangauestj  chloride  i^  din- 
solvud  out.  and  may  be  si*parated  by  filtration  from  the  irou  oxide.  Hhnuld 
a  trace  of  the  latter  yet  remain,  it  may  be  got  rid  of  by  boiling  the  liquid 
for  a  few  mtnut<!i<  with  a  little  luaugauese  carbonate.  The  a<klutiiin  ikf  the 
ohlurido  has  usually  a  delicate  pink  oolor,  which  beooxnei  Tery  manifest 
when  the  salt  \a  evaporated  to  dryness.  A  strong  solntion  depoeita  rose- 
oolored  tabular  cTy.itala,  which  contain  4  moleonles  of  water ;  they  an» 
very  soluble  and  deliqueticeut.  The  chloride  is  fosible  at  a  red-heat,  is 
deLx>ni(MR»^Hi  slightly  »t  that  temperature  by  ouuttict  uith  air.  and  is  dia- 
bohed  by  alcohol,  with  which  it  fomis  a  cry b tall izable  i>om]iound. 

The  triddoridey  or  Manganic  chlaritUy  A!n,Cl^,  is  formed  when  precipitated 
manganii)  oxide  is  iiamersed  in  cold  concentrated  hydrochloric  acid,  the 
oxide  then  dissolving  quietly  without  evolution  of  gas.  Ueat  deoompoMi 
the  trichloride  into  dichluride  and  free  chlorine. 

IltptadUoruU,  MnCI,  (f). — When  p«itas«iura  permanganate  is  dissolved 
in  strong  sulphuriu  acid,  and  fused  sodium  chloride  in  added  by  small 
portions  at  a  time,  a  greenish-yeliow  fiaa  is  given  off,  whidt  oondensen  at 
tP  to  a  greenish-brown  liquid.  This  compound,  when  exposed  to  moist 
air,  gives  off  fumes,  colored  purple  by  |>ermangauic'  aeid,  and  is  instantly 
deoMUposed  by  water  into  permanganio  and  liydrochlnrio  acids.  It  is  re- 
garded by  Dumas,  who  discovered  it,  as  the  beptai^hloride  of  manganese ; 
but  H.  Rose  regarded  it  as  au  oxychloride,  UnCl,0,,  analogous  to  chromiD 
oxyvhloride,  a  view  which  is  in  accordance  with  its  mode  of  formation. 

J-^luoruie*  of  manffonem  have  been  formed  analogous  to  each  of  these  chlo- 
rides. 

Manganese  Oarldes  and  Ozyaaltft. — ManganeBO  forms  four  well-de- 

floed  oxides,  couatituted  as  follows  : — 

Monoxide,  or  Manganoua  oxide         >        >        .        .        -  MuO 

Trlmaugano-tetroxide,  or  Manganoso-manganic  oxide       .  Mn,0, 

SeHijiiioxide,  ur  Muiiguuio  uxUle         .....  MUgO| 

Dioxide  or  Peroxide  .....>■  MnO,. 

The  first  Is  a  strong  Iwise,  the  third  a  weak  base  :  the  seoond  and  fourth 
are  neutral ;  the  second  may  be  regardixl  as  a  compound  of  tho  firet  and 
third,  MnO.Mn,03.  There  are  also  several  oxides  intermediate  iKitwc-n 
the  monoxide  and  dioxide,  occurring  as  natural  minerals  or  ores  of  man- 
ganoHo.  Manganese  likewise  forms  two  series  of  oxygen-salts,  calle«l  wan- 
ijtinate$  and  ptrmunifanaies,  tho  composition  of  which  may  be  illuslrated  by 
thn  potassium  salts,  rix. : 

Potassium  mauganate    ....    K,MnO,  ^  K,O.MnO, 
Fotauitun  permanganate  K,M»jU|  as  K^O.Mn^Of. 

The  oxides,  HnO,  and  Hn,0„  corresponding  with  these  salts,  am  not 
known. 
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Jfvawtfwdr,  or  Mamgamms  ari^.  llti(^>. — Wbvn  mangaiiAse 
br*t«d  ia  ft  stream  of  h/drogen  g^s,  dt  vafi^-r  of  w&trr,  varlMui  tfti 
dfacogafiMl,  and  «  grvvnish  powder  leA  bvbiuil,  vUich   u  tht9 
Pnpared  at  a  dull  red  b#al  onir,  tin*  maotj^Mv  U  »u  proae  to  al 
gtfn  from  the  air,  that  u  i-aAOot  U*  rvuaorod  frum  tho  tuU;  without 
bill  wht-u  prepArul  at  a  higher  temperatorv,  it  appears  inons  stable. 
oxide  i«  a  vt*rjr  piiw«::rful  tiaae,  bmog  iaoowrpbuas  with  niagiioifia 
oxide;  it  diasolreei  qai«t)y  in  dilate  adds,  ueutralizing  thc^m  txma] 
and  Cdrmiog  salt«,  which  hare  oft«n  a  beautiful  piuk  outor.    Wli< 
*ro  added   lo  aulutions  of  tb«»ti  eoxupouxi<lfl,   the  white  hj^lrat««i  oSI 
fliBt  predpitattfd  Apoudilj  fawxansB  brvwn  bjr  pagHing  into  a  higher 
of  oxiitation. 

Se»^ttif»ruir,  or  HanynKic  aritU,  Mn^,. — ^Thia  oorapoantl  nccnrs  in  nati 
as  hntunii*',  aod  in  Ib«  state  of  hrdratt*  ax  mttmganil4:  a  vrry  boai:'  *'  * 
talHxcd  roriety  i^  foiuul  at  llirMd,  in  the  llArtx.  It  ia  prodaoed  ;> 
by  exposing  tbt»  brdratt>d  monoxide  to  the  air,  and  forma  thf  ,  : ....  J 
part  of  Uitf  rotidiie  K*ft  in  Ihu  irvm  rvlort  wlim  oxygsn  gas  ia  prfparud  bf 
oxpnaing  the  native  dioxide  to  a  iiK>dfrat«>  red  heat.  The  color  of  iht*  eif^i 
quioxide  Ib  brown  or  black,  acvjrding^  to  it«  origin  or  miNlo  of  pr«-[^iaratton*'^ 
It  id  a  fueble  tMU<%  iifomnrpbotut  with  alumina:  for  wbeu  gt*utly  hcatcH*^ 
with  diluted  salphario  acid,  It  dissolrus  to  a  red  liquid,  which,  on  the 
dilkm  of  potassium  or  ammonium  stUphat«,  dopo»its  ocl**hedral  cryntji 
having  a  or>nslitution  similar  to  that  of  oommoa  alum :  tht^a  are,  hower 
dtjoumpuned  by  water.  Stroui;  uitrio  acid  resolves  this  oxidu  into  a  niixtui 
of  mouoxidv  and  dinxldf,  lb»  former  dissolving,  and  the  latter  remainii 
unaltered:  while  hot  oil  of  vitriol  dMtroys  it  by  forming  m.infruiuus  ku 
pliate  and  liberating  oxygen  gas.  On  heating  it  with  hydrochlorio  aci( 
chlorine  is  evolveii.  as  with  the  dioxide,  but  in  smaller  amount. 

Oioxtfif,  MnO,. — Peroxitie  of  Man^ntse.  Pyrotusiir. — The  most  comi 
ore  of  man^am^Kt^ :  it  ia  found  both  ma^i^jve  and  cr>sl.i)liz(<«I.  It  mav  h 
obtained  artiticially  in  tlie  anhydrouH  state  by  gently  caiciuiug  the  nitrate, 
or  ia  combiaaiion  vrith  waior,  by  adding  solation  of  bloaohing  jtowder  to 
a  salt  of  the  monoxide.  Manganese  dioxide  has  a  black  color,  is  insolublo' 
in  wat4?r,  and  refuses  to  unite  with  acids.  It  ia  decomposed  by  hot  by. 
drochloric  acid  and  by  oil  of  vitriol  in  the  same  manner  as  the  ocsquioxide. 
It  unites  with  the  stronger  b.iseii,  potash,  lime,  etc.,  forming  salts  called.' 
mauganites,  f.y.^  CaO.MnOj  or  CaMiiOj,  which  are  produced  by  prL-^ipi- 
tatlng  a  solution  of  a  mangaiiuua  salt  with  the  curres ponding  baae  in  pri^ 
senoe  of  au  oxidizing  agent,  such  as  a  stream  of  air  or  oxygen  gas.  Such 
are  the  manganittw  of  calcium  and  magnesium  furnted  in  Weldun'M  prrxH.>:ia 
for  the  recovery  of  manganese  dioxido  from  waste  chlorine-lii^uors  (p.  17li). 
According  to  Frfimy,*  manganese  dioxide  likewise  acts  as  a  base^  forming 
deliuite  snlu  with  si^ids,  e.ff.^  a  sulphate,  MnO,.  SO,. 

The  proportion  of  real  dioxide  ootitaine<l  in  a  commercial  sample  of  th« 
kjlack  oxido  may  lie  detenniued  aa  follows :  50  grains  of  the  mineral^  re- 
4luciKl  to  very  line  powder,  are  put  into  the  Uttlu  vessel  employed  in  tha 
Analysis  of  carb^jnatea  (p.  310),  togi-tber  with  aliout  hnlf  an  ounce  of  t-olti 
wal<'r,  and  iLK)  };rains  of  strong  hydrochloric  acid  ;  tiO  grains  o[^c'rystulllz4*d 
oxalic  ftirid,  C,Hjt\,  are  thou  aiideil.  the  oork  carrying  the  drying  tube  is 
fitted,  and  the  whole  quickly  weighttl  or  counterptm.'d.  Thf*  ajiplii.vilion 
of  a  gentle  heat  snUitTes  lo  determine  the  action  ;  the  oxalio  ncid  i»  oxidiz^tl 
into  water  and  carlton  dioxide,  which  escapes  as  gas,  whilu  the  maugauestf 
remains  iu  solution  as  ruanganous  dtlorlde: 

MnO,  +  C,H,l\  +  JlKl  =  MnCI,  +  211,0  +  2C0,. 


•  Oomptes  Kcailut,  1 


Journal,  18TT,  L  03. 


MAN0ANI8X. 


437 


R 


This  <*quation  showi  that  nv^jr  two  molecalm  of  carbon  dioxid«  evolVMl 
OornwiKHift  with  ouv  nioliM'ulf  of  uiunj^aiitwe  dioxide  d(-ootii|Mm**(l.  Now  th« 
tnolrcular  weight  of  Ihirt  oxidt-,  87,  in  «o  ut?ftrljr  t-qual  to  twic**  that  of  oar- 
b(in  dioxidi*.  44,  that  th<*  hws  <if  wfi^hl  KUir-rvd  In-  llu'  Apparaiiu  vrht*ii 
thu  reiu-tiiXL  liAS  heitiuiif  i^uiuph'tir.  iiml  tho  rottidual  y^iui  hiut  Ikmmi  driven  ulf 
by  muuifiitary  t^bulliliou,  luay  be  takon  to  rfj>ri*8>*ut  the  quantity  of  ri'nl 
dioxidu  iu  the  TjI)  graiiw  uf  (ht<  auiupli*.  Thu  apparattiit  uf  Will  and  Kro- 
aeniuH,  diMoribod  at  pogu  311,  may  also  bu  usihI  with  advantngr  in  thl« 
process. 

Trimunyano-tetroTtde^  or  Red  manganese  oxide,  HOgO^,  or  pro1>ahly  MnO. 
Bln^O,. — ^Tbia  oxido  ia  aUo  found  native,  a«  katumnuHilr,  and  is  protluc«d 
artiflolally  hy  hoatin^^  thv  dioxidu  or  eifriiiuiuxide  lo  whiteni^H,  or  by  ex- 
p'uiin^  th(*  nioHdxidt"  or  carltotiato  to  a  n*d  heat  in  an  open  vettjiel.  It  is  a 
n'tldi^h-hrowri  ttuliHtanoe,  incnpablfl'of  forming  iiiilts,  and  nctfd  upon  by 
ai-idii  in  the  iMiiuu  luannor  as  the  two  other  oxides  already  di'scribed.  Borax 
ami  gUsa  in  thu  ftutud  Htalu  dissolve  It,  and  acquiru  the  color  uf  the  aiuo- 
thy-l. 

frtniV-iM,  Mn^Oj.TIjO  or  Mn0.3MnO,.n,0,  is  a  nainral  mineral,  diaooT- 
ereil  by  Hbillii>H  among  certain  sp4*eini(*n8  of  manganese  ore  from  Warwick- 
ehiro:  it  haa  also  lieen  found  at  lU-fcld  in  the  llartx.  It  muoh  rcseniblea 
thu  dioxide,  but  in  harder  and  more  lirillinnt.  By  a  Htmng  heat,  varvioite 
is  converle*!  into  red  oxide,  witli  di.sengagement  of  aqu^-oua  vapor  and 
oxygen  gaH. 

Sevt-fftl  othT  oxides,  intnnaediato  in  wmpottition  between  the  monoxid« 
and  dioxide,  alito  oi.'cur  native;  tliey  are  probably  mtrre  ntixturen,  and  in 
many  cust>»  the  monoxide  is  more  or  less  replaced  by  the  eorresponding 

iileii  of  iron,  oobalt,  and  copper. 


4 


MASOASoirg  SiuniATB,  Mn90,.7n^nnr  MnO.S<>j.7H.^O._A  l)«'autiful  ro«o- 
lored  and  very  R<ilub1e  salt,  i.snmnrphoti!*  with  ningui^sium  sulphate.  It 
tS  prepared  on  the  largo  scale  fur  the  use  uf  the  dyer,  hy  heating  in  aelnee 
Tes!tel  manganese  dinxide  and  coal,  and  dlM.s(dving  the  impunt  monoxide 
thu»  ubtatneil  in  snlphuricueid,  with  ajldltiou  of  a  little  hydro«'hlnrio  aeid 
towards  the  end  of  the  procetis.  The  solution  it)  evajKiraled  to  dryness, 
and  ag^ain  exported  to  a  red  heat,  by  which  furric  sulphate  is  df*oonipoiied. 
Water  then  dissolves  ont  ihn  pure  manganene  Hulphttte,  leaving  ferric  ox- 
idu  behind.  The  »ull  in  ui«<h1  to  ])ro<iuue  a  permanent  brown  dye,  the  cloth 
Bteejied  in  tilt)  Kolutitm  being  afterwards  paased  through  a  stdution  of 
bleaohing  powder,  by  wliii'h  tlio  monoxide  is  changed  to  in^oliiMe  hydrate 
of  the  dioxide.  Manganous  fittlphate  Homutimett  cryntallixt'S  with  5  mule- 
ciileti  of  water.  It  foruu  a  doutjiu  Bait  with  potasiiium  Bulphato,  ooutain- 
Jug  MnKjCrfOJ^.OHjO. 

MAHOANotrs  Carbohatr,  MnCOj  or  MnO.CX)-. — Prepared  hy  precfpit&ttDg 
le  diohloride  with  an  alkaline  carlMuato.     It  it*  an  inAoluble  white  jtow- 
w,  Bometiiiies  with  a  bulf-^olored  tint.     Kxpoeed  to  heat,  it  lotted  carbon 
>xide  and  aboorlw  oxygen. 

Hasoa!iatiu. — Wl»im  an  oxide  of  mnnganogc  is  fused  with  potaBh,  oxy- 
m  i»  taken  up  from  tli»  nir,  and  a  deep  green  saline  ma.sH  rettulli*,  whieh 
itainii  pntatsium  mnti>jitnrilr,  K.jMn<),  or  K,<).Mnf>,.     The  addition  of  po- 
ssium  nitroto  or  chlorate  faeilitales  the  reaction.     Water  disBolies  this 
_  ruiKMind  very  rea^iily,  and  the  »oluiinn,  toneentrnteii  by  evaporation  in  k 
Taenum,  yields  green  ervHtiili.      fjunum  miutfanatr.,  BaMnO,,  ii*  fonned  in  a 
,       aimiJar  manner,     lu  these  aaltd  manguneHu  ia  soxvabsnt,  like  chromium  in 
^^ke  ohromates. 

■_. 
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pKRUATcaAXATRfl. — Wlifii  pitUssium  iimiif^nimtr,  frw  from  nnv  ^eat 
0WI9  of  alkuli,  ih  put  into  a  Itirgt*  i|uiiiitit.v  of  WAttu.  it    is  n»oivtHl 
liyilraU'.J  iiiaiij^fiiifBL'  cliuxidu,  whti:h  HiiLmidtw,  tiiii\  ftnfrtitsiuiH  jtmm*tn>jof 
K,Mii,<>|Or  K^U.MUjOj,  nl»k*li  r«iiuiiii«  in  soLution,  lonuirij^'  n  Jt^t.u  pqj 
liquid ; 

3K,MnUt  +  :lli^O  =  MuO,  +  K,Mii,0»  +  4X110. 

Tliit!  offevt  is  ttOCoItTnlml  by  Iioat.  Tlii?  chniigoa  of  ccilor  aeconi|ianT 
this  (liH-timiMHiU(Hi  niu  wry  piiiiiarkaM»«,  ami  Imve  procurcnl  for  tli*>  liu 
gauaU'  the  uuiiiu  iumtrul  vMameleuH ;  fX(\-5d  of  alkali  )iiiiiK'r.s  Uic  rractioiT 
)*mui!  nti'JL-^iiu-,  li_v  i^nnftTring  i;ri-uti'r  !il»bility  on  tint  iitaug»nat«.  Pol 
tiiuui  ptTUDUigaiiatt'  i.s  t-iwily  i.ivpan-il  on  a  uonaidt taMo  s*:aK'.  Eij) 
pftrU  of  viT.y  lini'l.v  powiUaoJ  luaugauede  dloxiiln  And  potasjiiuui  rhluN 
aro  miXiHi  with  ratlnr  n^^»^e  than  nni*  part  of  puta^siuin  hydntxidM  dissoli 
in  A  lillli*  wal*r,  and  tlitj  wlioli'  i»  ojtiKwt^d,  after  evapt»ratioii  to  drvni 
to  a  t*?iup*^rfttur«  just  sUort  of  i(j;niliou.  The  m&A»  is  In-atod  with 
wat«r,  till!  insdIubU' oxiil»5  ftt^paratoil  hy  diH-ftntaliun,  and  Iho  def*t>.pnri 
liquid  conci?ntral<il  by  hont,  until  cr.vstaU  fitrm  upon  its  surfao* :  it  ib  tl 
k'fl  to  t.vK>l.  Tlio  crynrals  havf  a  dark  purplf  color,  and  nrp  not  vi 
ftoluhlo  in  w)ld  wator.  Thw  ninn^'anatcA  and  ]HTnianganat(>6  are  di'Ootn]Mi 
by  contact  with  organic  matter  :  the  fnrmiT  arc  said  to  lie  isomorphnu^  wi 
tho  sulphati'H,  and  Iho  latt^T  with  th«  pprrhlora!**.  Thu  pr*H*ti  and 
disinfiH'ting  agentH  known  aa  Condy^s  ttuidit,  art*  alkalim*  luaugaiiates 
permaugauatfs. 

fijpirngen  ptrmanganatCj  or  /Vwwaoonic  acid^  IT^Mn,0,,  is  obtAincd  by 
solving  pota^iAiiini  jK'nnanfEanatiiinliydrogcnsul|>fiaU',  M^vSO^,  diluted  wij 
oiu*  nioliH'ulf  of  water,  and  distilling  the  solution  at  )i(pO_7(p,     I'rruu 
ganic  aoid  then  pn-^st-s  over  in  violot  vapors,  and  eondiMt^fN  to  a  grernlf 
black  liqnid,  which  lia.s  a  niftAllio  ItiHtro,  aUtorl»  nioisliirit  gn'o^jjly  fr 
the  air.  and  ncU  ait  a  most  powerful  oxidising  agent,  iubtanily  setting  t\ 
to  pap(*r  and  to  alcohol.     In  this  acid  and  itif  balls  tlu*  maiigaiitice  U  s«pti- 


Manganoufi  lalU  »ro  v^ry  oasily  riiKtinguiBhtHl  by  rcagt-nl*.     Tho  Jia 
cttuxtie  uUttlit*  iind  fimmaniti  givit  wliite  prtHM[Mtatt>«,  innolublv  in   excL*j 
quickly  IxH'Jiniing  brown.     Thu  ntrhomUrt  of'  thn^fisfd  itlhulit's  and  mr/Kwi 
of  nmmnmia  givt^  white  prtM'ipitate^i,  but   littltf   snhjuct  to  changu,  and 
Kolnblf*   in  rxi>«>fl»*   of  r'arlMtnad*   of  ainuionia.      //t/tirofffn  mii/tJiH/r  girr« 
prccipitnt<%  but  ntntmrnium  sulphiflr  tlirnwK  down  iiirtcdultli:  Ilfhh-wdoriii  8i|| 
phido  of  inaogani^f ,  which  is  very  cliarault^ristio.     JhUis*ium  Jrrrocytmi 
givi's  a  white  priH-ipitafe. 

MangnncHo  i«  also  i-a^ily  dfd<»ct<?d  by  the  Wowpipf :  it  giv*«  with  boi 
an  nmothyst-ootort^d  bead  in  tho  outer  or  oxidixing  tlame.  and  a  c<dorli 
Olio  in  thti  innt'r  llaiin*.  Ileatl^l  u|H*n  platinum  foil  with  kodium  uoj-buual 
it  yiulda  a  jp-t^a  maaa  of  sodium  mangauatu. 
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PLATINUM. 

Atomic  weight,  ivT.O.     Symbol,  Pt. 


Plati^cm,  pftKxdiiim,  rlKxiiuiii.  iriiliuin,  rliutlH'iituin,  aud  (iKiniiiiii,  form 
a  (fTou^*  of  nii-talj«r  nllii-d  in  s<»tiit*  cahcb  lir  jiro|it<rti»?n  in  cotumoii,  »u<i  vtill 
uoru  clost'ly  by  their  untural  oBtjociation.  L'ru<ie  platinum,  a  native  alluy 
vf  platiuuui,  palladhni],  rlitMlium,  iridium,  and  a  Itttlu  irtut,  4>ccuni  in 
{frainH  and  roli»><l  uuvt^tit,  »()meliim>8  of  tolerably  large  dimi*nHinim,  mixed 
with  (rrarvl  and  tranHportod  material^',  on  tht*  t<lni>i>  uf  tht;  Ural  MouiilAJiis 
in  Ku3«)tin,  also  in  Brazil,  L'<-ylon,  and  a  fvw  oth>-r  plar4«.  It  has  nuvisr 
liffin  iiiM'u  in  lliti  n>ck,  wbidi,  luiwovcr,  ia  judged  frttm  Ibe  a^^r^mjianyiiig 
mntorUU  to  havo  hven  cerpi^ntinu.  It  is  ataled  to  be  always  pnvent  In 
■mull  qiiantititr^i  with  native  nilvur. 

From  lht;t  subsL&ni'o  platintua  is  propar'-*d  by  tbcfollnwlng  prmn'as  :  The 
udfj  raittal  is  acte<l  upon  &»  far  tut  p(jtti»ibli:<  by  nitnvmnriativ  auid  vcmtaiii- 
Ing  an  exciatd  of  hydriK^lilnric  arid  and  itlijrhtly  ditiitud  with  wati>r,  in  ordtir 
to  dbnolre  as  small  a  quantity  of  iridium  aa  ponaiblti:  to  i\\v  di^-p  y«*ll)>w- 
i(ih-r«.><l  and  highly  acid  dulntioit  tluiK  pnMluct^l,  Aul-antinoniac  ix  a<ldi<d,  by 
witioli  m^arly  tin*  wholo  of  the  ])tatinum  is  thrown  down  in  thi-  ritntt<  of 
ammonium  platinorbluridc.  This  aulMtance,  waHhed  with  a  lltttt*  LMdd 
watitr,  driivl,  and  h«\iti.Hi  to  rednt'^H,  li'avft*  mi'tallio  platinum  in  tht*Hi>un^y 
8tatti.  Thia  metal  cannot  bo  fusod  into  a  compmn  mas:*  by  ordinary  fur- 
nace-beat, but  tluf  fluint}  obj>'ct  may  he  oouomplished  by  taking  advantiig« 
of  its  propf-rty  of  widiUnf;,  likn  iron,  at  a  high  t^mitHTature.  Thi>  r!|iongj 
plutinum  t^t  mad><  into  a  thin  unifui-m  pvmttj  with  water,  intrrxiui'til  into  a 
](li>;htly  conical  mould  of  brass,  and  subjected  to  a  graduatetl  preiMuro,  bjr 
which  the  water  is  squoi^zed  out«  and  the  maKH  reudunHl  at  length  aiilH- 
oiently  solid  to  l»<-*ar  handling.  It  its  then  dried,  vtiry  carefully  boated  to 
whitonesii,  and  hamim^red.or  subjectj-ii  lo  p<iwerful  preKsure.  If  thia  ojm*- 
ration  iA  properly  couducK^l.  the  pintiniim  will  then  Ix'  in  a  atate  to  War 
forcing  into  a  bar,  which  con  afturwanin  l>o  rolled  inlojjdatea,  or  drawn  into 
ire  at  pleanurti. 

A  minbod  of  refining  platinum  haa  lately  boon  dfivisnd  by  Derille  and 
Debray.  It  t<>n.'*i«tj*  in  Hul>mittinj^  tlu5  cruilo  metal  lo  the  action  of  an  in- 
ten«ely  high  tem|>erftture  in  a  crucible  of  lime.  The  apparatus  they 
employ  is  m  followH :  The  lower  part  of  tho  fumnco  conf<ifitd  of  a  pi»w  of 
lime,  holloweti  ont  in  tli«"  mitri'  to  (he  depth  of  aluut  a  qaart'>r  of  an 
inch;  a  small  notch  ia  filed  at  one  Bidu  of  thia  bai;in,  Ihmngh  whieb  Ibe 
m<HaI  is  intr<j<luced  and  |ioure<l  out.  A  cover  made  of  another  pieot  oi 
limc^  fltH  on  the  top  of  tbiit  hnjiin  ;  it  in  alfio  hollowed  to  a  )<ma1l  extent,  aud 
has  a  oonlcal  ix^rforation  at  the  top,  into  which  is  in.'«ertod  the  noizle  iff  an 
oxyhydroKf  n  blowpipe.  Tho  whole  arrftngeinent  in  finnly  Iwiund  with  in/u 
wire.  To  u«r  the  apparntuiii,  thoatopfoek  snpplyinj;  tbf  bydmjr^n  (ih  tx#aJ 
gas)  is  openeil  and  the  f^sm  li):iited  at  the  notch  in  the  erio'jble  :  thr  I'typ^ 
then  gradually  supplied:  and  when  the  Curnrvce  In  nuinciently  Iu4t  i4»* 
tal  is  intrr>iinc4Hl  in  i^mall  pieces  through  the  o^i^C1^  lly  this  t|T»*r|tr- 
t  aa  murh  aa  50  ponndH  of  platinum  and  morn  may  Id*  tn***^  i 
All  llio  impnritiefl  in  the  platinum,  except  Ibe  irbltum  and  rlw4luui 
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'  lis  ita  pona  to  ■ 
«xtaBl :  wb^  piaeeA  Ib  eoaiteet  wicb  a  wii«tw  of  fonaie  ac*d,  H 
Um  latUr,  villi  mfiomM  ^Mtnmaamtm,  uts  evtaaic  acid ;  akabol.  droj 
^«ft  CKe  pitiw—  Mmrfc,  becams  iilnwniJ.  hf  ariJvtiw  to  aevCk  aci<l.  Il 
nm  of  twynhim  bttiag  «ArA  aDftnoi^f  gnat  to  eomae 
WhM  apOHd  to  •  fed  be^  the  UMfe  nteuam  akfteks  la 
Mrana  Ikv  a|ip—i«iw  vf  coonMn  ey^  platinaai.  mmd  Im 
parolitfiatfaB,  wkieti  are  no  deobc  Ui«  rcsali  ol  ito  «x«oaiiT«lj-  comnte^l 


Flstlnam   fnmu   Ivo  verie*  of  oocapovad*:    tbe    platinoaa    odi 
poanda,    in  wUrh  il  in  bivaltrnt,  c. ^.,  PtCl^  PtO,  juid  the   platinii 
ooMpuondfl,  in  which  it  ia  ^aadnraicnt,  c. y.,  PtCI,,  l*tO^  etc. 

Cti*~-'^~-  --The iHcUirriiie, at  ftatimtmscUondt^  PtCL,  U  prndnr«><1  wk 
pUi  '•,  drind  sihI  powdered,  fa  exposed  far  aame  time  to  a  he. 

<if  111-  --  -  ,  whereby  haJftbv  chlorine  fa  expelled;  also,  whcuiiulphi 
OM  aflU  gM  fa  paaaed  Into  a  solution  of  the  t«traehleride  nntU  the  lat 
ea— —  to  glre  ■  pr<wipitat«  with  aal-ainrooniac.  It  u  a  greenish -frray 
dt*r,  Innolnhlfi  tn  wat<'r,  l>nt  disanlred  by  hxdmrblono  arid.  The  lat 
a/itrjtlnt).  mixed  with  nalamtnoniacor  potassinni  chloride,  deposits  adunli 
nail  in  fln»  r<*(l  prlnniatic  LTvutaU,  euntaining,  in  the  last  case,  2KCKPK'l 
Thi>  t»irr*<M(MrndinK  lUiiliiitii  tinnpnuml  ia  very  finlahK*,  and  diSonlt  t<i  cry 
tnlljxi'.  Theae  doubtt*  Malta  ar«  called  ^UittinotfirUanda  or  eMt*roiil< 
rintltinuN  chlorid*)  fa  dooompoaud  h/  heat  into  chlorine  and  m«tailiu  { 
litiffi. 

I'lnOiiotu  chUfrhle  unites  wlUi  carbon  monoxide,  forming  the  Ihrvo 

pIfUlllllI 

M,pti:co,         ci,pt<^  I    .   ci,pt<^       I 

all  iif  whl^h  ant  prrNlnnil  bj  hoaiiiii;  platlnouH  chloride  in  a  etn^ara  of 
i>arliiiM  nntiinitdu.  Tho  flnil  and  third  cr^atallixe  in  ;retiow  ueedlra,  th«i 
vaiUMul  III  whIU  HMKllna,  i 

I'UMiuiitii    rhinrtiitt    «Ip»   iintlcn   with   phoaphom^    tHchlorlilf.   fnmiing 
photphit   platliiti'    tthlurlr*  'H.^  which   is  obtained    by 


»inmii*a^ 


Uii- 
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henHni;  apongr  platinum  with  phosphorus  p«*ntflrhlnriilf  li»230O,  ||  cr,r»- 
taltiz*^  iu  maruuti •CO lured  UL*e«lin),  uvltiiig  at  17*'^.  When  hMitc«l  with 
pxn-Asof  {ihoftphoriifl  triehloride,  it  is  converted  la  dipbosphoplfttinlo 

chloride,  Cl^t't^     I        ,  which  forms  eaiiarv--ji*llow  crT-alala,  luultinfc 

at  160O.  These  two  chluritUft  ar»  converted  by  wat«T— the  tatliT  on  ox* 
poaure  to  moist  air  at  a  low  wint«r  teiuperaturti — lutu  p  h  im  p  h  n  p  I  a  1 1  ti  I  o 

aud  diphosphoplatinic  aoida,  a,PlZ=P(OU)|andCl,ri<f   ( 

the  former  of  which  fa  tribosio,  the  latter  Bvxbafiio. 

FUitinum  tafratJilnrUit,  or  rtatutie  rhlondr,  PtCl,,  Is  always  foPmrMl  when 
platiuiim  is  diKHolvt'iI  in  ])itn>-iuuri:itlr  aci^l.  Tht*  nf'u\  miliitinn  vlt'ldH,  (in 
ovH|Hirati(in  to  dr^ncau*,  a  ri'd  or  hronn  rfMkUu',  ili>lii{iii>si'4-nl,  tnul  vt<ry 
Bolubln  both  in  water  and  in  nU'ohot ;  the  aqnooua  hoIiiiUim  htm  a  piiru 
oraugv-yi'llow  tint.  I^latinir  chltiridu  unitt>8  with  n  urt'nt  vnrii*ty  of  nio- 
lallic  chbtridi^,  forming  douhlo  baIlm  rrilb'd  yhitim^-fhlorkfe*  or  rhlor/i-pfnfi- 
rmtu;  the  Tuoat  imporlaut  of  thctii*  conipounds  nru  tUmv  tyiiitrtiiifn^  t)i«« 
DietaU  of  the  alkalie^iand  auinioniuiti,  Jhtugaium  pUitiwchhrid^,  'JKCMM''!,, 
forms  a  bri^'ht  yellow  crystalHuo  x"''^"-'ip'^^l*^'-  In-iny  prfMiua'd  wln-novfr 
solution  of  the  L-hluridi-s  of  plHtinuni  and  of  ixitaeHiuni  arc  tjiixinl,  ur  a 
polasKium  tialt  mixed  with  a  little  hydrochlnric  neid  m  aildi-il  tn  plntihiiin 
tetrachloride.  It  is  feebly  soluble  in  wnter,  still  less  soliiMe  iu  dilute 
alcohol,  aud  is  deeuniposiHl  with  houiu  dilBcully  by  huut.  It  is  euf^ily  rtMluei<d 
by  hydrogen  at  a  hij^h  temperature,  yii-Ming  a  mixture  of  putasHium  rhh»- 
ride  and  platinum-black  :  the  latter  sulistance  may  thus,  fndetMl,  N*  r*\Ty 
easily  pre|«ared.  The  mmHuih  «o//,  2NaCI.IM(*l,,t>ll,ti,  is  n-ry  soluhle,  *-'[*•- 
tallizing^  in  la-rge,  transparent,  ycllow-nNl  prisms  of  great  beauty.  Tho 
ammonium  tult.  ^MI/'LI'tCI^,  is  undiHtinguishalil**,  in  j>hyf<i<'al  charjicters, 
from  the  pfitassium-aalt :  it  is  thrdwn  down  as  a  pn-eipitate  of  small, 
transparent,  yellow,  octohedral  crystals  when  Bal-ammonia4^>  iit  mixisl  with 
platinic  clilnride  ;  it  is  but  fcvbly  soluhl^  in  water,  still  lr*t<s  so  in  dilnt« 
ahNihol,  and  is  dr<nmtpotM<d  by  heat,  yielding  spongy  platinum,  while  sal- 
Aiunioniac«  hydrochloric  acid,  and  nitrogen  are  driren  otT.  I'latinic  chlo- 
ride al<to  forms  cryvtaltizable  double  salt*  with  tlie  hydroL-hloridt**  of  many 
<»r;;aiiic  tuaaai ;  with  elliylamiJie,  for  example,  the  couj(>ound,  2[NlI,((yi^). 
H(;i),l*tn^, 

Thr  hrfynitfrs  and  iodidt*  *>/  piatintim  are  analoj^nna  in  compoaition  to  th* 
dUoridra,  and  iJkewiM  formdoobU«alta  with  alkaline  bromides  ami  ioJitlm. 


4 


Oxides  — Th»  mm»jidt^  or  Paiimmt*  "ritU,  PtO.  is  oMame<l  by  digeatfnc 
till-  diehbirid«  wHli  oaastie  potaah,  as  a  bla^k  powder,  s^duble  in  ezuM  off 
alkali.  \\  AUtfArtA  allA  tn  •«*!•  with  brown  oolwr.  ami  th»-  ^T?iriion«  ar« 
not  pn  -.-  •abammfmiae.    Wb«^  plalitinm  di«ii  rh 

S"lnti«-[.  i^iil.  It  is  nfdoAed  ti>  iDO»osid«,  whhih  '  I, 

Tti.<  lii(iii  t  iiu  a  dark-bUc  ooior,  aad  daporfta  Sot  «oppr/.r>9i  n^r^Ji^*  t4 
pl]iliiiou«  oxalate. 

The  f/iscn^,  «r  JUhm^  «n*«  PlO,,  la  bal  prrpwcH  br  wldlac  Wrtnai 
nitraia  to  •  mAmUm  mt  plalWa  MlpbAte:  barlom  solphat*  AM  fMliik 
nilrai**  arv  thr*  fm4mmA,  tmd  limw  Ot»  Uitmr  rau«t>r  •j^U  j.r< npkiM^ 
'   T  'IT     jfiTliiBi  ■   /n^Vr  rj-^—    TW«"  iA^imM 

by  actittf  with  rt?— r  aJtrfa  mM  mptm  f$atittmm  tW»  .  falls  aa 

a  blark  pawil^  wbeis  ft  »4artfMB  ntf  C|b«  brtrwUorU*  i«  dfo(^p«^l  >^f'i  p'Ma*' 
»iiMn  siilphM^.  Hallsir  hf^rwlm  Is  a  iMtky  hnmn  f^m>yr,  wbi'li,  wW« 
gently  h ratal,  hiwisaiK  l|«efe  «»4  ■■*HmhH«     H 


Amm«miaeml   Ptmtimmm    c  abmi 
ylial«a,  «ftc.,  of  pUtiasv  w«  rsfsMe  «f  taking  Wf  tv» 


>  p<Mfa  OMHMM,  ?tSy  and  tfrnri  ■■■,  ?^^  ur  XB^— 9B,  dr  ini,(7C1 

ia  Miow  of  IbcMf  <n»jiMi»d>  M  Urslcst  (|iil»  or 
hy  IVD  of  Ha  csaifainiJi;  «irit>  vilh  tW  btT«lea«  ervain  XBg 
ILBL  Mifc  «f  vbkh  raUiaa  «■•  cMttbima^  icnite  &••,     la 
pbuBoai  i*  quaiLrirakfit  0<acn»>,  and  aaJIcs  bgr  mh«  ^  iu 
aaila  vitk  iwiinaia  cr  ^iamaamia,  fli*  rwaifwli^  aaito  Wteg 
awiiiilBlHiia  mWk  •lB«too-n«gaiiy»  radlefaa.   U  otkcia,  ^aia,  Um 
aeaamaUlM  in  soda  a  maaacr  a«  to  fona  oonponada  omUiaiaic 
(n^^l^^)'^^  (Pl»'— Pl**— Pt*-— It**)',  ecc    The  Uralcat  cnMi|M* 
Nyir^  alwaj^*  go  b/  pain,  crxc«pting  in  tbtt  aanii-diaaUBOiiioBW,  ia  %^^^ 
balror  a  quarter  of  the  ooaibining  anila  cl  the  |J^inni^  it  aatttd«d  fegr 

TliM  naiiM  and  ootmUlatirm  of  the  Mreral  ^rrnupa  are  ^rea  ia  ikm 
I'rtf  Inx  ialtl«,  thu  nyiubul  U  denotixig  a  imir&lcot  chlocooa  radicle  aabk 
CI,  Ni-V  «*«• 


1*  nalMammoninm  compotrnda, 

3.  natM«EinMlaiotnoniiuii  oonipoand«, 

3.  Ilatonumodianuuonliiin  oompoanda, 

4.  JnahModianimontiim  fyrniponnda, 
0.  rUtlnanifnmiium  ooinjKiundti, 

0*  IMatlnoanaililtiaiinoiiIani  oompoanda, 

T.  ItatltirjinuMiiitlaiimKtiiluiii  couipOMMU, 


p^Nn,(Mi,)R 


R.rt<^'"><^'n*) 


n,i>t<;J!^<^"-)R 
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8.  PUtinodiammonitim  compounds. 


9.  DiploUn ammonium  compounds, 


10.  Diplatosotliunmonium  compoimdfl, 


11.  DipUtinodiiunmonium  oompoundfl, 


UL  IMpUUnototrAdiammoninm  oomponndri, 


Pt— NU,(Nnj)R 

I 
Pt— NH,(NUi)R 

R^U-NH,(NHJR 

rJh— ?«n,(NU«)R 

^p.^Nn,(NH,)R 

*'y\NH,(NU,)R 

Rit^NH,(NU,)R 


Wo  sbAtlhere  describe  Iho  modtcharacterUtic  com  pounds  of  each  group, 
referring  for  muru  txjiuplutu  duscriptlun  to  Ijirgor  work^.* 

1,  Platfi$a mmoninm  C n m p o h n d * .—•Tht.'vti coiapoundti  are  formed  by 
abntraotion  of  Ihe  cloiuenls  of  AmmoniAf  NH,,  from  the  oorrcspondiiig 
pUtoBodiamnionium  compounds.  They  arc,  for  tlie  must  part,  in»olubtv 
water,  but  diHsolru  iu  ammonia,  reproducing  the  platoaodiammouiuuL 
tpounds.     Tlii-y  detonate  wbi'U  heated. 

The  chloride,  I't<[vH'n  '  "'"  ^'i'U^'t^li-  "  formwl  by  healing  platOBodt- 
imoniom  chlorido  to  'Z'lif^-'l'll^^  or  by  beating  the  same  salt  with  byJro- 
fcblorio  add,  or  l>y  boiiiii;.'  tht?  v^Tv*m  salt  of  Magnus  (p.  444)  with  »i(rat« 
Aulphat«  of  ammonium,  and  is  depositod  as  a  yulloir  orystallint*  p4>wdf.*r, 
in  rbomlH>ho<]ral  (tnalee.  U  disaulveH  iti  4472  parts  of  water  at  (>^,  and 
13t>  parta  of  iuiling  water.  At27(P  it  decompo«««  in  the  manner  ropre- 
Ltad  by  the  equation, 

3NaUoPtCl,  «  3Pt  +  4^11^01  +  2IICI  -f-  N^ 

flilrer  nitrate  addod  to  ita  aolation  throwa  down  all  the  chlorine.     This 
Jt  is  iaenieric  with  thu  grfH>u  salt  of  Ma^rruis,  with  tlte  yollow  chloridfl  of 
datCMMnnidiammoniuiii,  and    with    tho   uhlorojilatiuito   of  platoeomonodl- 
imoninm. 

The  corresponding  iodUir,  NjH^Ptl,,  Is  a  yellow   powdor,  obtalnM   by 

i(*atin>;  thu  ftijUiHiuH  Holotioa  of  th(M-oui]K>und,  N^ti,-Ptl,.     It  dittHolveft  In 

cmmonia,  reprodnrinj;  th«  latter  (lorafKmnd.     Thftnrirf**,  N,lI,PtO,  obtaint-d 

by  boating  platoaodi ammonium  oxido  (p.  444)  to  IKO,  is  a  grayiBh  ninyfl, 

'^hirh,  when   b«'at(il    to  KXP  in  a  climf>  ve«8i'l,  givpn  tiff  wat»T,  ammonia, 

\\  nitrogen,  and  loavna  mntaliio  platinnm.    Tho  fiydmrid/-.  y^U^Vt.dU))^, 

taimvl  by  dtHvimpo»iing  th«  i«u1p)in1(>  with  bnryta-watiT,  is  a  strong  ba-m-, 

»Iq1>1o    in  wat»^r.  liaving    an  atknlino    r.-artion,  nlworbing    carbonic    m-id 

rom  th«  air,  and  lilKfratin-*  ammonia  frotn  its  walli*  ('Mlinp).     Th*<  nulfthntif 

I,U,l'l.SO,.H,(),  anil  the  nUmtr,  N,llfll't(N«»,)„  nro  obtaim^  by  U.ilinK  tb.* 

ido  with  Bulplmto  and  uitrato  of  Hilrvr  :  tboy  aro  crystallinr,  aitd  haw 

•  S««  Watti*t  Dlotloaary  of  Ohctnlalrf ,  Ir.  flTa.  aod  3d  Suppl.  MO. 
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ft  ntmng  acid  imrtton.    Th«  lulplmt*'  r<>uitM  a  molecDle  of  crrsUltus- 
tioti  wiiter,  irbich  csimot  b«  noauv-etl  irilhuut  dvoomponiig  tiie  salt. 

2.  Plaio$oatmi<iiammoui»m  Comp»um4t, — Tb««<»  oompooD^  bo- 
rtofTic  with  Ihe  pnwuding,  aris  formed  by  direel  wUition  of  annDoftu  Ift 
,plalinoiu  uklLi.     Tlie  cA/onV/e,  Pt<Q,|'"**^*  ,  U  obUinnl  hy  adding 

nia  to  a  cold  solutEnn  of  platiunas  chloride  in  brdrocliloric  arid,  flUrrtnr 
•fU-r  24  hour*,  and  treating  the  jcUovrish-grwii  rr.«iduf*  wiiii  i-ihi,/ 
Vat«V,  whinti  dissolves  the  platoseiuidiamnioaium  salt*  and 
green  flalt  of  Ma^uua  forniMl  al  tb«  saiuti  time.  Tbv  Jtulution, 
d«*|Hiitlt!4  tlj«  plattnKmt'uiidiAmiauniuiD  chloride  in  smalt  prisina,  dnJciiu^  la 
f  form  fri<m  the  r}iIori<l«*  al-iVi'  (it««rril)«l,  nxni  uiucb  mon*  ftolnble  iu  Wj 
I\t|uiririg  for  solutioD  3H7  part«i  of  colil,  and  2*»  j.nrt.s  of  Uiiliiig 
Thi'  n(l).'r  »«all«  of  Ibis  baso  an-  olitained  bjr  deociini)o»iu|;  the  clilori 
Ibt!  iKtrrt^jMjnilinjf  dllviT  salti.  T)u' hrouiitir  and  iWiV/c  cr^slalliie  in 
BwilU-s  ;  tlie  niirite  in  silky  nttiUo*,  which  di'tonate  when  heat«d:  ibe 
nUratc  and  suljtkale  form  yullowiah  cryiitalUuu  crusta. 

3.  Plato»omonQdiammonium    Compnuuds^  ^*'^\H Vf^  • TlindJa^' 

roplalimite  of  this  Buries,  2>',H,Piri^Ptn,»  formed  in  small  r)uaulily  mi 
adding  ammonia  to  a  solution  of  platinoos  cbloridc,  rryxialli^.^  iu  br«i 
aquare  lnmin?p,  aligbtly  soluble  iu  cold,  mnn?  Dohiblp  in  boiling  water*) 
Trt'.it<yl  with  silver  nitrate  it  ia  amvertpd  inlo  platofiotnonudianiTnuaiiti  ' 
niiratr,  and  ibiji,  wlwn  heatH  with  hydrochloric  acid,  yifldn  tlir  ixtrtt^^ 
«|nintlins  iJilnruff,  NjllpPtCI,,  whiib  ifl  very  soluble,  and  cryatallisetf  ia 
outurltjju  nt:vdlu6|  ur  uacri'oud  scalca. 

N  H  R 

4.  Plato$odinmmonifim    Compounds,   ^**<^\*ii*d    • — TTi«    chloridt^ 

N^TE^PtCI,,  ono  of  the  earliest  discorercd  of  tlu-  animoniaral  platiaam 
Compound!!,  ia  ubtainr-d  by  the  action  of  ammonia  on  the  green  sail  cf 
MiiguuK,  or  on  thf  rhloridt*  fif  plntoaamniouiuu.  When  platino>tu  cliloridc 
JH  Ixiib'il  with  rxo'^t^  of  ammonia,  till  the  green  precipitate  fomi4_-d  in  the 
firKt  iniitnnce  ik  rudiHwdvtnl,  a  solutioa  ih  ohtained,  which,  wbeu  fllt«>r\'d 
and  L*va|Hinite«l,  yiehlK  tbn  cblorido  of  platotiodiaiumonium  in  flplendid 
yellow  crystaht  i^ontaining  one  molecutn  of  watf  r,  which  they  givo  off  al 
lliX^,  II  ia  Bululib*  in  wutrr,  and  it«.  iMtlittion  mixi^lwith  platinouacblorida 
j'xaUis  pititif^^immmoMiitm  rfihtrojiiotinitc,  N^H,,l*trij.PtCl,,  isomeric  with  pi*- 
toaamiiionium  chloride,  and  constituting  the  yrrrw  $alt  of  Afwjnut,  the  lirsl 
rered  of  the  ammonia-platinum  compounds.  Thiii  lust  unit  may  also 
nrcparnl  by  iiaBsin^,'  sulphurous  acid  gas  into  a  Imiling  aolutioa  of  pla- 
^nio  chloride,' till  it  is  mmpletely  conv.rtml  into  platiiious  chloride  (and 
id  therefore  no  longer  pre<.'ipital«'d  by  Bal-ammoniac),  and  ueutraliiing  thti 
Bohition  with  ammnuia.  It  forma  dark-grecu  neudli«,  insoluble  in  water, 
alcohol,  and  hydrix^hh>rlo  acid. 

Tho  bromidf!  and  imlidtt  of  this  series  aro  nhtainod  by  treating  the  solution 
of  Ibe  sulphate  with  br(«nido  or  lodido  of  barium:  they  cryalallixe  In 
cubes.  The  arid*;  NJIijPtO,  is  obtained  m  a  cryHtalliiie  ma-ss  by  d.K:om- 
pnfling  the  solution  of  the  sulpbatrt  with  an  e.(uivah'?it  quantity  of  baryta^ 
w-ater,  and  evaporating  the  filtrate  in  a  vacuum.  It  in  strongly  alkaline 
and  caustic,  liko  potash,  aljsorU  carbonio  acid  ra|»iilly  from   tho  air,  atMl 


pnvipitateH  »\\ver  oxide  fniin  the  solution  u(  the  nilra(M.     It   la  a  strong 
hose,  neutraliKing  stdibi  comidtMely,  and  oxi>eUiug  amrooTiia  fnun  tU  salta. 


It  melt*  al  IllP,  giving  off  wat-r  and  amniiiUia,  and  1 
nium  oalde.  lU  )k|W<Npns  Holulion  d"—  — •  "i^"  *^t  -^ 
builod.    The  oxide  abborbn  o«^  '* 


ioH;Linmo* 
v.-n  whi-n 
,  (ornuug 
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first  a  neutrnt  oarl-rmatc,  N,H,jPiCO,.H,0,  and  aflr-rwarj*  an  «ct4  saU, 
N,H„FtC(>,.H,CO,.  Tht'*i/V/.y*/(/r»>\H„PtSO^,nMdthfni(mrr,  NJi„Pt(NO,),, 
art!  oUt«ija<d  hy  dtiMmipmiug  tUt>  chloride  with  silver  KiUphatv  or  nitrate; 
thejr  aru  neutral,  and  cryatAiUt«  uuitily. 

5.    Platinammonium    CompovndM. — The  chloride.  Cl,ri<[5jf|'[!},  ia 

ohtaiiKMl  by  the  action  of  chlorino  on  pUtosamutoniiim  chloridi^  nuHjM'ndM) 
ill  lK>ilin)<  WAtt-r.  It  is  a  Iuniou-r«llnw  crystalline^  {K>wdcr,  uinde  uj>  of 
quailratic  oi^tolmlmnH  n-jtli  trtincAtnl  summiU.  It  U  inBoltihIt*  in  cold 
waU.'r,  wry  flightly  ooluUu  in  boiling  water,  ur  in  water  containing;  hy- 
drfx;Uloric  acid.  It  dis.ootvfs  lu  aiiiiiuniia  at  a  iM>ilinf;  livat,  and  Ow  bolii- 
tion,  on  cooling,  dcpoeit^i  a  yellow  i>ruci}iitatt«,  conHiBtin^  of  plalinoilianH 
xuuniumchloridt^.    Il  di»milvf«  iu  U'lliiig  jxita^h  without  evolving  nninmiiia. 

A'lVnri/M. — An  oTytiitriitr.^  N,ll,I't(NOj)j<),  in  nbtnin'^l  Uy  Uiiling  the  ohIo- 
ride,  N,U,PtCl4,  for  several  hours  with  a  dilute  Bolntion  of  »ilver  nitrate. 
It  is  a  yellow  cryiilulliuv  jMtwder,  K{Miring1y  Koluhli;  in  it*U\,  more  soluhle 
in  boiling  water.  The  normui  nitnitt,,  y^UgVt(^<\)^,  if*  olitniniMi  hy  di«- 
aolring  ue  oxynitrnte  in  nitrio  acid:  It  la  yellowish,  Inaolublo  in  cold 
water,  solnble  in  hot  nitric  acid. 

The  oxiJe,  NjIIgPtOy,  irt  (ihiained  by  adding  ammonia  to  n  hoilinp  Rolntion 
of  platinammonium  nitrate  ;  it  is  then  pri'cipitated  in  the  form  of  a  heavy, 
ycllowitfh,  cj-yHtallinu  powder,  eom|K«ed  of  tmiall  shining  rhoiubuidal 
prisniB  :  it  l»  ni'Arly  iusolublo  in  b(»iling  water,  and  rcniMa  the  action  of 
boiling  prHojih.  Heated  in  ach«v  veitKel,  it  givitt  utf  water  and  auimouinf 
and  leavita  metallio  platinum.  It  ttiKfloIvefl  readily  in  dilute  acida,  even 
in  acetic  acid,  and  formn  a  large  number  of  cry»tallianhle  ttnlti^.  both  neutral 
and  aei<l.  hiiviug  a  yiUnw  (.'«>Utr.  and  t»pariiigly  Htiluhle  in  water.  Anotlter 
compound  of  platiiiic  nxide  with  aniniuuia,  culled  j'uiminutiHij  platinum, 
whose  cuni}M>ailion  ban  not  Imsmi  exactly  ahcerlaini-d,  i»  ]»r«iducetl  by  dee<im- 
jKisIng  niinnnniitin  platinfj-chloridt*  witli  aqui'tnih   jMitasb.      It   is    a  etruw- 

Inred  {K>wdiir,  which  detonateH  slightly  wlien  suddenly  healed,  but 
ugly  when  uxj^KWed  to  il  gradually  iucreottiug  heat. 

Platinotrtairlitimwtinium  Compcundf. — Isomorlo  with  the  pre- 

The  cfiloriiJr,  C\^H<^f^*^^  ,  formed  by  tho  action  of  chlorine 

platoeosemidiammonium  clihtride,  cryRlallizes  in  yellow  six-sided  plates 
longing  to  the  rhombic  uyatem,  turning  green  at  KK^,  and  disiiulving  la 

laflh  without  evolution  of  ammonia.   A  Itanit  nitruir,  ("")iP'<CnIl  *  ** 

obtained  as  an  amorphoua  yellow  precipitate  by  treating  the  chlorido 
with  ailrer  nitrate.  A  rklurouiiratf,  CI,I»1<^]!jj5'»'^  *^*,  obtained  by  the 
nntion  of  chlorine  on  platoBosemidiammonium  nitrate,  cryHtallizes  In  smalt 
yellow  Di^-dlea.  \ 

7.     Pfnfinomonodiammottium    Compounds, '—Thv  rlJandr, 

^^*CnhYV'  f"""*^  ^y  *****  «*^t'on  of  nitro-mnriatio  acid  on  platoHomo- 

iammoninm  chloride,  rryatalllate*  in  rhombic  or  hexagonal  plates.    A  bro- 

nitrate,  B^l't<5J|"*/\t!*>^+"^*^'  "'•tained  by  adding   bromine  to  the 

rftt«  of  platosomomHliauimoninin,  fortufl  yellow  soluble  cruats. 

S.     PUtinodiammoHiHm   Coin/iatinrf*.  —  Tlje  cWoride, 
C1,<]J'[{«^[.  is  obUlnod  by  passing  ohUrino  gnu  into  a  solution  of  pl*- 
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tottodiATiimonlam  chloride  ;  hy  disaolvitig  platinammoninm  clilorido  in 
nionjii,  Mid  cxp'illtujr  tlu*  exoo»8  uf  amuiouiu  by  eviiporatiou  ;  or  hy  |in<ciit^ 
tAtiiig  a  ttdluliou  of  platintxiiainnionium  oxynitrMc,  or  iiitralfHcbhviil* 
with  hydrochloric  arid.  It  in  white,  aud  di£8ul\*t>a  lii  small  ijuautilT 
boiling  watrr,  fruui  which  Holutiou  it  is  dt-poMUni  in  thi.i  form  of  t ranspar<'ii|^ 
rt'gtiliu  oftolictlnjHB,  havinj;  a  faiut  yellow  tinl.  \Vhi*n  a  ^olutiuu  ■«(  thtt 
salt  in  tri'ali'd  with  flilrer  nilratL-,  oui'-half  of  the  chlorino  ia  vory  raailjf 
prei'ipiUUil,  hut  to  n'tnurc  vvuu  a  Hinall  portiou  of  the  remaiudcr  ro- 
4iiiri>!j    a   luiig-oontiuupd    action    of    the  silrttr-saU.     Tho   cA/nru&rvMidc,^ 

cf>P'<CN*[j*a  '  ^  "^*^*"®^  as  ftjvUow  pruolpitat«  bjr  treating  ph 
dioiuDuiniaiu  uliloridct  with  bromine.  A  baste  nitratf,  vo^^^^^v^H*  viAJ 

Is  ohtainctl  by  Uw  action  of  nitric  acid  on  jdatosodiainntoniiuu  nitratr, 
A  whit4j  <.vryittallinu  ix>wder,  couvortod  hy  ammonia  into  tlio  Halt  (ilO>j] 

(N^U^.NOj),.    Tht-«i//y>/t«/c>ryi/«r;./f,  Cl,rt<;^!']}»>SO,,  formed  by    lh< 

tinn  of  sulphuric  aoid  on  tho  chloride,  orytttnlltKu*}  in  Blonder  trnnspar<*nl 
nft'dlt's.      An    tKrahuhUride,    O^Vi(^S^ll^)^i^^Vf,  uhtaiutil    by    treating    il 
chloride  with  ammonium  oxalate,  ia  a  very  aolublo  cryetolUno  puwdcr. 

IPt(NII,l), 

9.  Diplaliunmmonium  lotlitle,      I  .  <*"" 'a(P^)'*(NH,l)„ 

I?t(NH,I), 
only  term  of  this  sorlos  At  present  known,  is  obtained  by  iTcating  plai 

ammonium  itnlido  with   Iwiling   potash,  and  thi»  n-8ulting  y*>llow  powdvl 
with  hydriodio  acid.     It  is  a  Muck  amorphous  uulratanr^,  which  whcaj 
Attain  trwitedwith  putash  and  hydriodio  acid  yiohU  the  c(mii>ouud  l,(Pt|>' 
(i^'fljOnt  f^"'*    *bis    liy  similar   trcaliiH'iit   may  l>o   ismvorti?d   into  the  stiUj 
more  coudouBud  compound  la(Pta)**"^C>'U,l)n. 

10.  D i pi ntototii ammonium     Co mp o m « */« .  —  Tho    ht/rIrorid«, 
Pt— NkH,— OH 

I  ,  formed  by  Uie  action  of  caustic  soda  on  the  chloride  of 

I't— N,n,— Oil 

plAtosuBomidlammoninm,  is  a  grayUh  crystalline  insolublQ  poirder,  whSoh 
dftonal«8  vioh-ntly  wlum  hoatcd.  Treated  with  hydrochloric  acid,  it 
yii'Ma  a  vtdluw  i^wder,  which  is  converted  by  iHiiling  water  into  the  cMo^l 
ride,  i*l,CNalii<-l)r 

Cl,Pt— NU,— NH, 

11.  DiplatinodiamtHonium    Ckloridn^      I  ^  is  ayeUj 

n,h— Nir,— Ml, 

low  amorphotis  powder  formed  by  the  action  of  nilrc^-muriatio  acid  oa  thoi 
hydrate  of  tho  prooudtng  Buries. 

KPt(X,H,R), 


12.   DipiatinO'tet  nidi  ammonium    Componnds  ^ 


RPt(N, 


H.R), 


or. 


^Pt<N,H..NO.), 
K,H„Pt,R,.     Anoxynitrate,     0<^   |  ,  or  N,H„Pt,(N<\).0,  is 

produced  by  l>oiling  platmotliammonium  nitrate  with  nitrio  acid.  It  is  a 
oidorlfss,  oryi^tnlltne,  detonating  ^alt.  slightly  solnhle  in  ctdd  wAt«<r,  inor«' 
lolublt*  in  Ixuliiig  watur.  iiisuluhlv  in  nitrio  Adid  ((ferhardt).  A  nttrtit- 
prt/rhlnridr,  ^^UJ^^tf('Si\)^OC\.Jy  dirtntv^friwl  by  Ka»*w»ky,  i.s  rnruied  whon 
Magnus's  j;r»*en  ttall  is  b'dhMlwH*' 
arc  then  ovolvi'd,  and  the  ri-snl! 
;ln  small  brilliant  needles,  whirli 
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and  tial-aiuuioniao,  nn<l  L'aving metallic  platinum.  Thn  nitri.-  add  in  Ibis 
saU  iiiav  bi-  r**|ilft.f(l  l.v  m»  cquivaUmt  quantity  of  carbonic  or  oxalic  acid, 
>-i._'Ming  Uio  c..uii«.un.U,  NalI„Ft,(CO,),0ei„  ami  N,ll34''ti(*/"Ji"*it» 
botU  of  whinli  art?  cr^jiUllizftbif,  lUid  mmriugly  koIuIjIu.  A  ffotic  i/jvto- 
nitrate.,  NBUi»Pt,(C,t.>,J,(.N<>JjO,  iiiwiiublo  iu  watir,  is  ubtoincd  by  adding 
aaunonium  uxalatu  to  the  lucyuitrate. 

Rfrtriions  of  rtatinum  Salts, — PUtinio  oUlorido,  or  a  platinic  oxygen- 
salt,  may  be  r<x!Oguix«d  in  nulutiun  by  Ihi*  yellow  prfcipitatc  wliiLb  it 
form.-)  with  sitl-ajniuoniac,  deooinpofiible  by  heat,  wilii  pruduction  of  tfpungy 
metal. 

ilytirogtn  tulphije  and  vmmimium  nttjihidtt  gradually  form  a  brown  procip!- 
tAto  of  platinic  sulphide,  solnblo  in  exvetui  uf  ammonium  sulphidt*.  ^inc 
preuipitat<.'8  wi*taltic  platinum. 

I'Uttnic  chlorido  and  wxliiim  plntimwlilorido  are  cmployt-d  in  analyti- 
cal invofltlgationa  to  dot*»ct  the  prwionceof  potAiwium  and  MfpuraU*  it  fmrn 
aotiiniu.  For  the  latter  ]>nr|Kitfc,  l)i»  alkalin<j  saltH  aru  rrptivfrb-d  into 
ohiurides,  and  in  thiti  Htatn  nilxisl  with  four  timefl  their  weight  of  sodium 
platinochlortdo  in  crystals,  tin*  whole  btdng  dissolved  in  a  littlo  water. 
Wh«n  llie  formation  of  thi5  yellow  salt  apjwara  complete,  alcohol  is  aitdi<d, 
and  the  procipitat«  collected  on  a  wtd^jhtni  filter,  washed  witli  weak  spirit, 
carefully  ilrietl,  and  woii^lipd.  The  potassium  chloride  is  then  easily 
reckoned  from  the  weight  of  the  douhlei  Halt;  and  thttt,  Miibtractifl  from 
the  weight  of  the  mixed  chlorides  employed,  givee  that  uf  the  eodium 
chloride  by  dilTi.«rLMicu  ;  100  ])artit  of  p<>tUD»ium  platiuochloridu  corre«|>oud 
with  30.51  parltf  of  puta^siuin  chloride.  • 


Capsales  and  crucibles  of  platinum  are  of  great  value  to  the  ohemisi: 
0  latter  are  constantly  u«wl  in  mineral  analysis  for  fusing  t4ili(<ooufl 
matter  with  alkaline  i^arUiiiates.  Thuy  suffer  no  injury  in  this  o[K*ratiou, 
allhimgh  eauMtic  alkali  roughens  and  eorrtxlefl  the  metal.  The  ex^wri- 
menler  must  hv  panloularly  careful  to  avoid  introducing  any  oxide  of  an 
easily  fusible  metal,  as  that  uf  lead  or  tin,  into  a  platinum  crucible.  If 
rrxlnction  should  by  any  means  occur,  the^e  metals  will  at  nnee  alloy 
themselves  with  the  plnliniim,  and  the  vessel  will  be  destrnywi.  A  pla- 
ttnnm  crueihlu  must  never  l»  put  naked  into  a  coke  or  charcoal  fire,  but 
placed  withiu  a  covered  earthen  oraoibli). 


PAI>]1A.DIUM. 

Atoaio  wcl(;ht,  10J.&.    tSyubol, 


Pd. 


Wnsv  tho  solution  of  crude  platinum,  from  which  the  p:reAtf>r  part  of 
that  metal  has  Unni  precipitated  by  Hiil-iiuiniouiac,  is  neutralixiil  t<y  so- 
um    carljonate,  and    niixd  with    a  solution  of  mercurie  cyanide,  pnlla- 
oin  cyanide  separati<s  as  a  whitish  insoluble  sul>stance,  wliii-h,  on  being 
bed,  ilriei!,  and    heated    to   redness,  yields    niutalUc    palladium   In   a 
ngy  state.     The    piilladium   may  then    bo  weldtni   iuto  a  mass,  in  tha 
ti  manner  as  platinum. 
Palladium  closely  c'irresp<inds  with  platinum  in  color  and  appearance  ; 
it  is  also  very  malleable  and  duetite.     Its  density  differs  very  much  fWnn 
at  of  platinum.  lx>ing  only  11.8.     Palladium  is  more  oxiilnble  than  pla- 
nm.     Wlicn  heated  to  redness  iu  th«   air^  esp<H'ially  in  the  alat^t  «f 
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E 
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•pODge,  II  aoqulres  a  blue  or  purplu  suiwrOcinl  film  of  oxiH»?,  wUicli  if 
Again  reduced  At  •  white  heat.  Ttiis  niHal  U  slowljr  atliickwl  bj- mt« 
utiid  ;  ii»  tMMt  solvent  in  uitru-inuriatic  acid. 

Pallailiuiu,  liku  platinum,  ftimLS  two  vtaa8«i  of  ooiDpoands  :  &ami>|r,  Ibt 
palladiona  eoinpounds,  in  whk'h  it  ia  bivalent,  aud  the  paliadic 
compuuuds,  iu  which  it  iti  quadrivulvut. 

Chlortdea. — Th**  riifMoride,  or  BslUtdiotu  eUoritir,  PdCI,,  is  obtained  br 

diftsulvnig  tlH?  luftiil  in  iiitro-muriatic  acid,  and  evap»>ratiii>;  t!ir  soIuUho 
to  drjTii'j*a.  It  id  a  dark-bruwu  iaa»»,  wbiuh  die»uJvMi  iu  h  Att^r  if  Ui«  lull 
baM  iiMt  »HH'ii  Uki  pHNit,  and  foriua  douMu  salts  with  in.in>-  lui^tallitf  clil* 
ritii*.  Tht^  palladio-i-hlorideti  of  anuiumium  au<l  iH>tassiutn  arc  iuqcU 
B«>luble  than  the  oorrebpundiiig  platiiiochloridea  :  tlwy  Lave  a 
ytfllotr  lint. 

Tho  trtntclJoriiie,  or  fktiladie  chhritit,  PdCl^,  exists  only  In  aolntioa  _ 
iu  cumlmmtion  with  th«  alkAliiiu  ohlorid**«.  It  is  fonnmi  when  the  diciii 
riiJH  \i  dijiMUii  in  nitru-umrijaio  arid.  Thosoluliim  has  an  in(i»ijsr  htv\ 
(X»lor,  ami  is  d«wmiK»Bi*d  by  evaporaltuu.  Mixtnl  with  |H»ta8sium  ebli>ri< 
or  with  sal-ninnionijui,  it  gives  riae  to  a  rwd  orystaUiue  preuipiLato  wlii 
U  but  littlu  ftulublu  in  water.  ' 

Falladioaa  Iodide.  IMI„  is  precipitated  from  the  chloride  or  nitrate 
aolnbUi  iodidiii,  a.H  a  blark  iuaha,  which  glvtM  off  its  ioilint*  bt>tw-ft*^n 
and  3l)>0.     Palladium-HaUi^  ar.*  enii^loywl  for  th«'  quniktitativ*'  ostimati 
of  iutliiie,  uhloriuo  and  bruioiiiu  uut  buiug  prucipitatod  by  them. 

Oxidea. — Tho  imnoxidr,  or  IhUndious  oriV/c,  PdO,  is  ohtAincd  by  evai 
rating  to  dryuuss,  and  cautiously  lu>atiug  tho  ti^ulutiou  of  palladtniu 
Ditiiu  acid.  It  ia  black,  and  but  littlv  solublr  in  acida.  The  hydrate  falL. 
as  a  dark-brown  prt^oipitnto  when  sodium  carbonato  fa  iidded  to  Ui«  aburv 
aolutiun.     It  is  dvc4iuipo8ci1  by  n  strong  heat. 

TUo  (iioritir,  or  IhUatiic  oridr,  1M<»,,  ia  not  known  in  the  iit>parat4.*  stati 
From  a  solution  of  pallailic  chluridi*.  alkalies  nnd  alkaline  (-ArlKuiates  thxa 
down  a  brown  pr<x'tpitato,  con:ti)«t)n}^  of  hydrated  piiUaiiic  uxidu  coiul 
with  thii  alkali.  Thi»  compound  givcd  off  half  ilH  «kXygi*n  at  a  uit 
heat,  and  the  whuU*  at  a  bight'r  touiperaturi'.  From  hot  M)lutiona 
pn*tHpitatu  is  ohtaiutMi,  ctuitaining  the  anhyrlnma  dioxido.  The  hydral 
dissolves  sh'wly  tu  aoidn,  Furming  yellow  holutions.  In  atrone  hydnH'hh 
riracidit  disaolres  \vithuut  dt>com|>osition,  foriaUig  potas*io-fMi/iadir  cfihrid« 
arininj;  from  adntixi'd  potaah  ;  with  dilutu  hydrochloric  acid,  on  the  cui 
trary,  it  glvcH  oiT  chlorlno. 

FalUdloua  Sulphide,  Vd^,  ift  fnnnivl  by  fusing  the  metal  with  sul 
phnr,  or  Ity  piit ijiitiUiiig  a  solution  of  a  paUa«lioua  salt  with  hydro(5< 
aulphidf.     It  is  insolubh*  in  ammunium  sulphide. 

Ammoniaoal  Palladium  Compounds. — A  mnderately  ooncentnUedj 

soliilion  of  pntltiUiuni  dichloridv.  treat*--!  with  a  sliRht  fxc.'tid  of  nuinumi) 
yields  a  Ntautiful  rt(1^h-^M^^p^^Hl  or  ri»8e-4H>Inred  prciipiute,  eoiisihtiug 
!n,H,IM"<'L.     This  priM?ijiit.itn  disBolvca  in  n  larjju  »»xct'»w  of  atumt»nia  ;  an* 
tho  ■mmoitlai'fll  M<»luiton,  when  trealiii  with  mids,  yit-Ms  a  ytdhiw  prL>«!ip' 
lab'  having;  Iho  flaniH  (.i>nii»*«itinn.     TUlri  yi-Mow  m.Mlino.vtion  is  likuwii 
obt.iin.Hl  l.v  b-Jiting  the  r«l  eoin(»ou»d  in  th.-  u.  ■  UMIO,  or  in  ibmi 

dry  state  to  iiHC     The  yellow  compound  disBni.  ntilyin  aqncoucj 

potash,  forming  a  yellow  •<dutinTi,  but  wtthont  hjvj.  mnia,  t«vn 

whnn  the  liiiniil  \n  ln'at«l  to  the  iKiiline --'•'•  •  *^-'  -  ..I  lM<bfiv. 

In  aaimilar  inannnr,  but.  '  no  ih.-  yello 
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modiflcntloii.  Th'.*8t'  onnnpoumln,  ili»uitv<'nfd  by  Hugo  MQUer,*  Art*  auaU*- 
guu^  iu  their  modes  of  foriuutiun,  and  probably  tlu*ref»r*>  in  eunHtitutiori, 
to  the  two  modifications  of  the  platinum  ooraponnd,  N^HcftC'l,  (p.  444); 

tht«  red  wmipound  being  fmUculiusetuifiiatmnumHm  cfiluritlr,  IM^^.,  ^^'      •'  '  ^ 

and  tho  yi/lloir  comijouiid,  paJladtunxmmium  chhriiU^  ^^^Nll'cr  ''*''*'  ^  "'" 
low  comp<Mind,  (ligr'jttt^  with  mnWr  taxA  »\\rev  oxiAe^yMils  juiUtuhimHutMiutn 
«.nV/r,  N,H,Pd<),  which  is  a  Htronj;  t«iso.  golublo  in  water,  having  an  nlka- 
linn  tantft  and  n*a(.'ti()u,  ami  nbii<>rtiiii>;  cartN>iilc  arid  fnmi  tho  air.  Ihlhtxl* 
ammanivm  gufphitr,  iVjHjPd.SOj,  i>»  fnmifd  by  Ihp  action  of  HulphiimiiK  at  id 
on  the  oxjdv  or  chloride  ;  it  cryetallizpa  in  Drang^yftllow  oatuhodronH  Tho 
suffthate,  cMoride^  iotJiite,  and  bromuh  bavo  likuwhti*  be«>n  fortatMl. 

The  compound  4N Hj. PdCl,,  pattoJitxfiammmUtm  fhlorlffr,  Pd  [  N 1 !,( N H4)ri  ]^ 
separattw  fruDi  an  ainmuniuL-al  Botutiuu  of  paUadainmouiuuj  vhluridu  in  ob- 
liqne  rhonibie  pririiiifl. 

Tho  orirfr,  N,H,,PdO,  nbtaintNi  by  dcromporting  the  Holntlon  nf  this  chlo- 
ride with  silver  Dxidv,  in  aUo  u  striuig  ba^io  yielding  arystallixable  salta. 


Pallodions  aaUh  aru  well  marked  by  the  pale  yoUowiiih-white  precipitate 
which  they  fonn  witli  solution  of  ntercitrio  cyanide.  It  ronRinttjt  of  palla- 
dioba  cyanide,  PdCy,,  and  ie  converte<l  Ity  heat  into  ihn  H]Kingy  metal. 

//yi/riWi'c  ticid  and  fM>lttssimn  iottiiif  throw  down  a  black  precipita.tu  of 
palladium  iodide,  visible  even  to  the  ril)|i,(M)Uth  dogrt.^j  of  diluttou. 


I 


Pallatlium  U  rejvUly  alloyed  witli  otiier  metaU,  as  cioppiT  ;  one  of  tbesa 
M>mpoDnd» — nami^ly,  ihe  aU«y  with  silver — luw  U'cn  applieil  to  nseful 
purpfMen.  An  aiualj^am  of  palladium  in  uuw  exleuHively  uaud  by  duutists 
for  itLopping  Let*th. 

A  uativti  alloy  nf  gold  with  p&lladlum  is  foQnd  in  Brazil. 


BHODIT7M 

Atomk  vvct^tit,  104.4.    Sytnbolt  I'h. 


Trb  Bolation  from  which  platinum  and  pnlladiiim  hare  be«n  separated, 
in  the  manner  already  described,  la  mixed  with  hydrochloric  aoid,  and 
evaporated  to  dryiicb:}.  The  rcMi<lue  in  treattnl  with  aleolml,  of  upeciHc 
gravity  O.J>37,  wliich  dissolves  everytliing  except  the  doiiltie  i  JjlnriilK  of 
rhodium  and  Hodium.  Tlii.s  is  well  wtibhcd  witlL  Hpirit,  dried,  beut<--*i  to 
whitenesiif,  and  then  bulled  with  water,  wliereby  h'>liu[u  E.hturide  iii  di»- 
HutvtHl  out,  and  meLuLlic  rhoilium  remains.  Thus  ulituJn^d.  rhrjdiuni  in  a 
while,  coherent,  ti\n}iiiiy  ni;i*s,  slill  le»a  fusible  and  legs  capable  of  U<ing 
weldetl  than  platinum,     lis  Bp«.vitiu  gravity  varies  from  liKH  to  11. 

IthiHliuni  is  wry  brittle:  reilneed  to  ]Hiwder  and  beatetl  in  tiie  air,  it 
l>ecome3  oxidlseil,  and  the  same  alteraticn  happens  to  a  greater  ext<'nt 
when  it  is  fuiied  with  nitrate  or  bisnljiliate  of  jx'ttaHsiJnm.  None  of  thtf 
aeida,  singly  or  w)njnined,  dissolve  thin  metal,  unless  it  U'  in  tlie  stale  of 
alt»y,  as  with  pUtintnn,  in  whicli  state  it  i'k  nltacked  liy  iiTtn'-iuuriatic  :M:id. 

Uhodinm  forma  but  one  cldoride,  contaiuinj;  KbClj,  in  which,  liko  iron 
iu  ferric  chloride,  it  may  bu  rugardtsd  as  either  tri-  or  qnailriraleut. 


•  Add.  Oh.  Phnrm.  Ixxxvt.  M\. 
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Tlilit  chlori(l(«  Iti  propariHl  by  adding  biliooflunric  acid  to  ilii*  doiiliUcUlfr 
lidH  of  rhixliuni  Kiid  |it>tii»«iutn,  evafRiriUiiig  tiiv  lUuTi*<i  siilntion  u>iln- 
ii(<R8,  and  diriH«i)vtng  the  ri:!*idii(f  ill  waU'f.  It  fonud  a  b ^ow^li^b' ml  dri^ 
qtiesuent  muK»,  ft>.i|iilil*4  iu  water,  with  u  fiiiu  red  c^lur.  It  ui  dectjiapcn4 
\ty  heat  intu  rhluritif  nud  iiiL'tallic  rb(MHnni. 

HJnntium  and  lUiUMtim  (tioridrs.—Thi.-  salt,  Rhn,.3KCl.3n,0,  ronncd  bf 
niixiiijs'  ft  soluliim  uf  rliiMiic  oxuh-  in  hydrwhloric  at-id  with  a  stmnp  aolfr- 
tinn  nf  )K>ta«Aitim  chlorido,  cryaUllizi^  in  sparingly  tfcoluhlu  vllluntftvtt 
])ri»itirt.  Anotlur  double  Halt,  contaiuiiig  UhC'l^.'iKCl.HgO,  is  pro]uir«d  t^ 
hcatiiiK  i"  a  Htri^aiu  i*f  chhiriue  a  mixture  of  etjiml  j^artx  uf  finf  ly  ]»«wdfrcd 
luctalllo  rh(Niium  and  putaaBium  chloride.  Tht.*  salt  has  a  fiiiu  rvd  nJuf. 
in  R(ilubl»  in  wauT,  aud  crystiillizes  in  fuur-sidtHl  prisma.  HAodittmaU 
mutium  rhloriJej  Klit.'lj.3NaCl. 1211^0,  is  aUn  a  very  Iteaiitiful  r«d  salt,  pn- 
pannl  Ijk*'  Iho  last.  Tim  awmcnium  Mtlt,  IihjClj.tiNH,CI.3H,0,  obtained  hj 
dt^i-uuiiKwinK  the  sodium  salt  with  Kal-auimuuiuc,  uryMtalliaets  iu  fiue  i-hoo- 
b>>hi'di'»l  prisiiid. 

Rhodium  Oxides. — Rhodium  fanna  fuur  oxides,  oontoiDing  BkO| 
TthjOj,  iChO,.  aud  UhO,. 

The  motioxiile,  llhO,  i»  fomipd  with  in  candescence,  when  the  hrdratfd 
s<^<tqtii»xid<',  Rl),<>,.3II,jO,  iu  heated  in  n  plaltuuui  crucible.  Jt  is'a  dark 
griiy  Bubiituuce,  perfectly  indiffiTenl  to  auida. 

TUo  Kriufuinsuit,  or  Wtadir.  uxidfy  lihjO^,  obtained  by  heating  th*?  nitrate, 
U  a  Kray  )>nrnuH  nm.*js,  with  iiietalltii  iridwtcfnco  ;  insoluhK-  in  ai-ids,  casiW 
niluced  by  liydrof^rn.  It  forms  two  hydratea :  RhfO|.31I,Oor  KhUjO,.  nl«- 
tiiiiioil  hy  procipitaltiig  n  mdiiliun  uf  rhodium  and  ^oilium  cUloridi*  with 
potuth  in  precunei*  uf  nUfiUiil,  aud  KlijO^.SHjO  or  RltU^O^.U^O,  toruird  by 
pri'cipitatinc  tho  ^unui  mi\t  >rith  aqueous  potash. 

The  tiinriilf,  RhOj,  obtained  by  fusing  pulverized  rbodiuxn  or  the  soqol- 
Axidd  with  nitro  and  ]K>laRh,  and  dlg<*stiug  the  fuH<-d  masfl  with  nitrie  arid, 
to  disMnlvfi  out  tlif  potash,  Ih  a  dnrk  l>rown  Hubstance,  in»oIubUf  in  artd«« 
Whm  (^hliiriim  itt  paA<(i_>d  into  a  Aolution  of  rhodic  peutahydrnte.  RhJi,. 
&IL(),  a  bhii-k-brown  grUitiuoiiM  precipitate  of  the  trihydrate,  RhjfV;}!!,)!, 
In  h>rmeil  at  llrtil;  but  this  compound  gradually  UiHeK  il»  gt'lntinuuu  Oun- 
•iMteneM,  bo.'onitvt  lighter  in  ctdor,  and  is  finally  convi-rttxl  into  a  grt«i*a 
hydruto  of  thu  dioxide,  RhO,.2H.|0.  The  alkaline  solution  at  the  6am« 
tliiii*  a(V[Uireii  a  deep  violL*l-blue  color. 

Trinrtiir,  RhOg. — Tlie  blue  alkaline  solution  above  mentioned  dopnsila, 
nfltT  a  whil",  a  blut*  powder,  Iwonming  proen  whi-n  dry,  and  yiebling, 
Vrheii  tri'Ateil  M-ith  nltrin  itrid,  a  bin*'  tliM-cuIeut  sultttancv,  cuuaiatiiig  uf 
Uio  Iriojcide,  easily  r'lduced  to  the  diuxidu. 

Kllonic  SiTLrnATR,  Rh^CSO^),. 1211,0,  formed  hy  oxidizing  the  aalpldd* 
with  nitric  acid,  in  a  yollowinh-whilij  crystalline  niajut.     Jhtaiuitf-rhodtc  W* 

Jt/*titr,  ItbKa(S<>,),,  in  a  rndilish-yellow  crystalline  (wwder,  formed  by  aild- 
li|(  Mulphurie  ai;iil  In  a  solution  of  rlKMlium  aiitl  pota»»ium  chloride. 

AmmoDlaoal  Rhodlam  Componnda. — An  aHumouio-ckinrvie^  lONH,. 

ei^uii— (,a1i,)^— I'l 

RUJ'1«,  or         I  ,  U  obtained  as  a  yellow  crjstJilline  powder 

<M,lIh— <NH,),-<.;i 
on  mixing  a  dilute  solution  of  rhodium  and  amraoninra  chloride  with  ex- 
r*<Mii  of  nnimonla,  and  leaving  the  tlllored  solution  to  evaporate.  The  etir- 
r«'^|>ondinK  oxide,  10MI,.Kh,(>„  obtaim^l  by  healing  thn  chloride  with 
Allver  oxldi*.  is  a  xtrouK  bus**,  from  wUiuh  Iho  sulphate  aud  oxalate  may  be 
vbtalnnd  in  cryiitalline  form. 
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Rhrkiic  Halts  are^  for  the  nuist  part,  roe^-twilorfi,  and  rxhitiit.  in  solution, 
th«  folhiwin^i  ri-iit;tion« :  with  A^f/n»'/en  suifihitie  and  auatumium  nulpfiitir,  ti 
>irowu  preuipiUttt)  of  rho(Uc  8ul|>hi<l«',  insolublu  in  i^xcvhs  of  ammonium 
BulpUiiU* ;  with  soluble  gtUphUt*^  a  palu  jellow*  pr^ripitAt)^  alTordinft  a 
charaottTitttio  reat-lion  ;  witli  potask,  &  yellow  precipitnU)  of  rhfK.Ue  uxidv, 
snlublti  in  uxctiui  :  witli  nmmoHtn,  und  with  niL-alin*- rartmtuiifn,  a  yollow  pro- 
cipitjit«  aft«ir  a  wliih-.  Kt»  prwipitatw  with  alkaline  i;hlori<Ua  or  aiercuHu 
cyauido.     Zine  prei^ipitAtiv  nn'tallie  rhodium. 

An  alloy  of  aunii  with  a  amall  quaxttity  uf  rhodium  ia  said  to  poaseBS 
exircmely  valuablti  properties. 


[DAVTUM. 

Atomic  wciebti !.    :$7mboI,  Da. 

Tnii  metal  was  discovered  by  Sorgi?  Epm  in  June,  1877,  in  platiniferons 
sand,  and  narmil  in  honor  of  Sir  Humphry  Davy,  It  was  nhtaine'd  rrotn 
the  uiolluT  lititiora  loft  after  the  Beporation  of  platinum,  pnlladiuui,  os- 
niiinu,  and  iridium  by  heating  them  with  an  exceHU  of  ammonium  ehlorido 
and  nitrat*^  A  deep-nnl  iirfcipilnt*'  wrh  ohtaintMi,  whieh,  afl«'r  (■■.lU-inatiitn 
at  a  nnl  heat,  left  a  grayiKh  mnAti  reKiMiiblliig  platinum  t>i)onf;(>.  Thih,  fuKi*d 
by  tho  oxyhydrogen  blowpipe,  furnished  (•.27  grainme  of  the  fuiKil  motal. 
Davynm  h  silver-white,  hard,  but  malleablu  at  a  red  heat ;  U  is  readily 
attacked  by  ac^ua  regia,  and  vury  slightly  by  bviliiig  sulphuric  acid,  lln 
density  in  i).3I). 

It  fomiB  but  one  Rtnble  chlnride.  A  second  product  containing  more 
chlorini-  dec<inipo«w<  d\iring  the  evaporation  of  the  nitro-nnirinlie  solution. 
It  ia  very  soluble  in  water,  aKohol,  aiid  ether,  but  not  deliqueticenL.  By 
calcination  the  monoxide  is  fnrmed, 

PotA-Hsa  gives  a  bright  yellitw  precipitate  of  hydrate,  readily  attacked 
by  acidfl,  even  by  acelie.  The  hydrate  dissolved  in  nitric  avid  gives  a 
browniifh  uionk,  which,  cnleiued,  leavt*^  a  black  priKlnot. 

Thf*  ohloride  forms  with  potaHHinm  cyanide  a  doubh'  eyflnidw  left  on 
evaporation  in  tM*autiful  crvfltals.  It  foniis  doubtt;  saltH  with  |M>tassiuni 
and  Amninniuin  chlorides,  wblt'h  are  insolnblp  in  water,  but  highly  soluble 
in  alt^olnte  alcohol.  The  double  Htxlium  Halt  hiut  u  clinra^-lerii^tic  reaction 
in  iH'ing  almoftt  insoluble  iu  water  and  alcohol.  In  acid  Mulutioneof  davyum, 
8uIphnrett*Nl  hydroj^'cn  produoea  a  precipitate  of  sulphide  readily  attacked 
by  alkaline  nnlphide?.. 

A  fitilntion  of  the  chlorldi' glvea,  with  potasslo  Hulpliocyanide,  a  reaction 
idontieiil  with  that  of  the  ferric  salts,  a  rli'*'p  tM  {•oUit,  and  in  eontt-ntratcd 
»oli)tion  a  red  preeipitate ;  from  hot  solution  by  slow  coiding  largu  red 
crystals. 

The  pi|nivftlent  wan  at  first  Hiippofied  tn  be  near  ICHl,  but  some  prelimi- 
nary examinations  made  by  M.  Alexejeff  have  shown  that  It  la  probably 
nearl5t>-54.— R.B.] 
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ISIBItTM. 
Atomic  weight,  108.    Symbol,  Ir. 

Whkk  cmdtf  platinum  la  dlHsolvml  in  ititm-murintic  acid,  a  small  qnan- 
tity  of  a  gray,  scaly,  metallic  snlwtanci*  iiHnally  ri-maln«  lN*hind,  having 
altogether  reaiatod  the  action  of  the  acid  :  this  ia  a  native  alloy  of  iridium. 
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and  nflminm,  i^ftllt^  oamiridium  or  tridoamine:  It  is  rDfliiOMl  U)  powder,  mit^ 
with  an  (Hjiial  wi'ight  of  dry  sodium  rhluriil**,  nwi  b<*a|fH|  to  rwinei'i  in  « 
gtriMS  tii)>c),  through  which  a  ntrpam  of  moist  chlorine  fCtis  l«  traiisuiitt«-(l. 
Th«  fnrllicr  I'Xtn'iiuly  of  the  lube  is  eonnei'UMl  *ith  a  rctM*ivpr  contattiini 
solution  of  ammonia.  Thii  gan.  und^r  tht.*ftt<  cirL'umHtAuu«*s,  i»  mpiiU^  it^ 
ftorboil,  iridium  chluridt-  and  osmium  uhlorldn  Ix-ing  prrMlnei'tJ  :  tho  liirw»t-r 
rt-iuaiiut  in  combination  with  tlii'»odium  vbloridi!  ;  Ihi*  lattiT,  1i«-*<  •  •  >  '- 
tile  substance,  is  carrit^  furward  inU)  th««  rt'onivrr,  where  it  b 
hy  th(»  water  iuto  oamic  and  hydrcKrhloric  acids,  whicli  couihitM 
alkali.  Tho  cuutt^nt!*  of  thu  tub*?  wJien  cold  are  trtraliMl  with  waU-x. 
which  thi>  iridium  and  ti<jdiunt  L'liloride  iadu^ilvod  out;  thiM  Is  luixivlnill 
an  cxrutiA  of  Hodiiim  carbonat*}  nud  oviipurated  to  drync-ss.  The  rf«4iduf  b 
if(nilud  ill  a  orueibit?,  boiled  with  wnttT,  and  ilritnl ;  it  theti  consiHta  of  a 
mixtiiro  of  fi^rric  oxido  and  a  L-ombiiintiou  of  iridium  oxide  with  5w<da:  it 
it)  rcKluced  by  hydrogen  at  a  Ui^'h  Ivniperalure,  aiid  trentt'*.!  Buet'ivsirtlj 
with  water  and  strung  hy<lriH'hlorii;  a<<id,  by  whi(!h  the  alkali  and  iht?  irv>a 
aru  removed,  whilu  luetalliu  iridium  in  left  in  a  linely-dlvidLHl  fitate.  Itr 
strong  pressure  and  ex{>oituru  to  a  while  heat,  a  certain  degrw  u(  uouipacw 
Hess  may  be  communicat«Hl  to  the  metal.* 

Iridium  in  a  white  brittle  metal,  fuitiblu  with  great  diffically  befbrv 
oxy-hydrogi-n  hlowpiiM-.  Dnvllle  and  Debray,  by  means  of  tli«ir  powerfu 
oxy-hydro^en  bloiit  furnace,  have  fus^l  it  iHimjdetely  into  a  pure  whil 
mniis,  resembling  polished  steel,  brittle  in  the  C'ld,  bomewhul  maUeabI 
At  a  reti  heat,  and  having  a  deuhity  tH^ual  to  that  of  platinum,  viz.,  21.11 
By  moistening  the  pulverulent  metal  nitli  u  small  quantity  of  wati 
prettHing  it  tightly,  tint  between  filtering  pat>er,  then  very  forcibly  in 
press,  and  calrinirig  it  at  a  whitu  heat  iu  a  forge  lire,  it  may  1h>  obtain* 
iu  the  form  of  a  compact,  very  hard  nmsa,  capablK  of  takiug  a  gt>c>d  ixditl 
but  still  very  porous,  and  of  a  density  not  exiHf«Hng  IG.O.  After  Ktron 
Ignition  it  is  in»olul>le  iu  all  acidn,  but  when  re<Iuced  by  hydrogen  at  lot 
tempcraturcH,  it  oxitiizejt  ahmly  at  a  red  heat,  and  dijis-olves  iu  iiitn>-uiui 
atic  acid.  It  in  usually  reuderud  soluble  by  fusing  it  with  nitre  and  iiausiit 
potoah,  or  by  mixing  it  with  couunou  Ball,  or  l.ieiter,  with  a  mixture 
the  chlorideri  of  potassium  and  tiotlium,  and  igniting  it  iu  a  curreut 
chlorine,  as  above  described. 

Iridium  forms  throe  iteries  of  eomponnda,  namnly,  the  hypoiridloaj 
compounds,  iu  which  it  ia  bivalent,  an  IrClj,  IrO  ;  the   iridious  coi 
jtouuds,  in  which   it  ifl  trivaleut  or  ijuadrivaleut,  e.  j-,  IrClj,  or  Ir,t\ 


Cl.,lr— IrClj 

as  iu  lr('l|,  M),,  etc.  It  ai)iM'ars  to  1 
than  four  atoms  of  a  monMl  eli-nu-nt.f 
wUiuh  it  is  moat  prol>ably  scxvaluut. 


and  thu  iridio  i!om|>ounds,  in  which  it  isaUoquudrivulcnl 
iucapuble  of  unltiug  with   mo 
It  forms  aUo  a  trioxidc,  IrU^, 


Chlorides. — Iridium  appears  to  form  three  rhlorides,  but  only  two 
them — namely,  the  trichloride  and  tetruchlorido^havo  beeu  obtainL-d  li 
dclluitu  form. 


*  Osmlrldlum,  however,  i^nrrnlly  onntnlnR  platinum,  rtithenluni,  und  otht 
metAlH  (if  ftiPinme  (;roui>,  which  nre  not  elTi-rtiiitHy  noparntetl  by  the  nirlhnd  atrovi 
deurlbed.  The  oo[n))leie  tepitrnrion  rif  the  vpvcrtd  metnU  of  ihe  nUtluum  r^oui 
hum  ofltttf  yefiri  form(H)  tlieiu^Jcet  of  •everni  elnlwrnte  inveiitiicjilionR,  Into  whlf<| 
the  limits  of  th)«  work  will  nt)t  iwrmlt  tii  to  enter.  (Si'e  W»tt«*x  l>totlaaary 
Ohcmtetry.  lit  3A:  ir.  Ml,  caot  r.  lol,  I24.) 

t  A  hexohlorlilc,  IH -1^  wAt  *^\i\   by  Herzellui   to  be  nhinioet)  In  cnmblnnttni 
with    poln^ftum    rhlnrlde  by  Tunlnjc    frUlDtmlne  with  nitre,  UUtllHne  thi*  iirixinci 
with    nltro-rDiirliitif   ncid,    nnd    tre^iting    the    reslime    wttli    mirtfeinlvr    jHtrtloi 
of  wiitcr;  but,  AcflonllnK  to  CUufl,  the  ialt  thus  formed  wna  renily  a  riitli«uluni' 
compound,    having    be«a    prcpnrcd    by    BerzcMui    from    Irlduatulue    ouutaloias 
cutticulum. 
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ibCl^  is  not  known  in  tbo  ftepsrate  sUto.  bat  «pp«ar8  to 
«xi«t  in  oertain  doable  snlU,  caUvd  hjfftor/tforiruiiteM. 

Tlie  trirftlnritie,  or  IrtfUoiui  rJilnritie,  IrCl,,  i«  prfpnred  bjr  Btronglj  heating: 
iriiliuw  with  iiitrt?,  wttUug  waUT  ami  tMll)u^h  uilric  mMl  tu  ttaiurfitt*  thu 
alkali,  w.iriuiiit;  tho  mixture,  and  thru  tli»{iiilvin>r  tlin  prt'cipilatiii  hydratt* 
of  tho  uedquioxidc  in  hydrocUlorio  acid  ;  it  furoifi  n  dark  jWlowieib-broKn 
solution.  This  siilMtAtioi  (.tmibines  with  ntbi*r  metallic  chbiridifH,  fnrining 
otnnpoundfl  calbnl  irUIoso-i:ltIoritirg,  vr  cMorirUJiiea,  wliicb  may  im  j>rfpArtHl 
mtj"  Ttsdxioiug  the  corrM« ponding  cbluriridiaititi  witJt  isiilpbiiroug  arid,  bj'Uro- 
f|^«n  sulphidf,  or  {KtlAs-iium  r*>rr<K;vanidr.  Claus  hn.H  obtaintHl  tbo  nmi- 
pouniU  lra,.:JNH,(;i.3U,U.  IrCV3Kll.3H,0,  andIra,.3Naa.l2H/J.  Tbiy 
Arts  ulivt^-grufu  piilvt^rulc-ni  eiilUt,  soluhle  iu  watur. 

Th«  tntrarJdvri'ir-,  or  IriiHr  efJornif,  IrCl,,  is  n1iLain<><l  in  aolation  by  dis- 
aolviug  Vflry  finely  diridDd  iridium,  or  uite  of  itit  uxidt*H,  or  tho  triehluriilo, 
in  uitro-miiriatic  aoid,  and  hfAting  the  litjiiid  to  the  U>iling  point.  On 
itiVraporating  tho  fk)lulion,  it  reniuins  in  thu  foniL  of  a  black,  dtdiqutrsct-ut 
AinorpliouH  luiuttt,  traui^lucoul  with  dark-n.*!!  I'olur  at  Ihu  t^l||C»«  ;  Mdtibk*, 
with  ruddioh-ytiUow  color,  in  watur.  It  unites  with  alkaline  cbluridon, 
forming  cfjmponnds  called  f'rx/iWt/crf't/ej,  or  cMoririti tat eHf  onaUi^uus  in  i.<«jiu- 
ptmitiuu  to  the  rhioroplaliiiattii.  Tin*  fHHwiiiiuiu  mJt,  lr<_'l^/.2NU4('l.lIj(),  Jind 
thu  fftttutmtn  Milt,  IrClt.^Cl,  uru  fi.inni>t,  a^i  dark-brown  cryi>tuUiiK*  pre- 
cipitatefl,  on  mixing  thu  iMjlutiunu  of  the  componcut  chlorideH.  Thv  potas- 
sium Halt  may  also  Ih*  prt^parcrl  by  j>ai4»ing  rJiloriiiu  ovur  a  ginitly  ignited 
and  rtnt-'ly  dlridud  mixture  of  iriiUum  with  potaiMtium  chloride*.  It  is 
aoluhlu  in  tailing  wntvr,  aud  cry»talli£4«  in  black  outohodroiiM,  yi'dding  a 
red  powder.  The  sinlium  W/,  Ir(M^.2XaCl.(>H,tl,  pr**panjd  like  thu  pulas- 
fliuin  salt,  fomu  'Msily  H»lubl«>  black  tablod  and  prisuui,  iaomorpboua  with 
tho  oorrospondlng  platiiiam  italt. 

Iodides. — ^IrJdium  forms  thru*'  iodiibrs,  Irl,,  Irl,,  and  Irl^,  analogous  to 
tho  \:ljluri<lir^,  and  yielding  tiimilar  double  saltii  with  tho  iudidi^  of  the 
alkali-molalB.* 


Ozidefl.— Iridium  forms  four  oxides,  IKI,  lr,0|,  Ir(\,  and  IrO,.  The 
mtmitfidr,  ur  htfftitiriiiimtt  njfiiU^  IrO,  iji  hut  littlu  known.  It  Ih  obtatut^l  by 
prooipltating  un  ;ilkalinc  liypo«hloriridit>*  with  cautttiu  alkali  in  au  atmtja- 
phoruof  uarbtjQ  tlioxide  ;  but  ou  exp(uur«  to  the  air  it  in  quickly  couverte<l 
into  a  highur  oxiilo. 

Tht?  trit'/nwriilr,  or  /riJioiu  nxtiie,  Ir^O,,  wna  formerly  regarded  as  tlio  moHt 
eaaily  fonn.nl  and  nnwt  litablu  nf  the  oxidi>N  of  iridium  ;  but,  act-ordlng  to 
CtnuH,  it  haa  a  gruat  tiMubmcy  to  take  up  oxygen  anil  jia>«it  to  tliM  »UiW  of 
dioxido.  It  may  Iw  pr«paro«l  by  gt-utly  i;;niting  a  niixtur-^  of  polnAsjiim 
chloriridlte  (IrCl^KCl,)  with  fl<Mlium  carlKjitato  in  an  atmnspliero  of  uar- 
bon  diuxido;  ou  treating  th'*  prtKluct  with  wati-r.  the  srHriuioxide  r«- 
ro.tina  in  tho  form  of  a  black  powder  Insoluble  in  andt*.  It  forms  two 
hydrrtt<?s,  Ir.O,.:iH,0,  and  IrjOj.RJijO.  It  unil<*s  with  base8.  forming  «alla 
whieli  !uay  Im*  eallod  irulUn.  A  flolntion  of  a  cliloririiiite  in  cXfjeSH  of  limit- 
water  di'jtoflits,  after  Ktanding  fnr  Hon»«  time  out  of  ctuitact  of  air,  a  dirty 
yellow  prticlpitate  tnmtaining  'tC'ft(J.Ir/>,. 

The  tliox'tilr,  In'ilir  oxiiif ,  IrO,,  Is,  (H-eordlng  In  Clnus,  the  moat  orisUy  pre- 
partil  anil  most  HtnbU*  of  all  the  oxides  of  iridinni,  and  \»  alway«  deposited 
in  tli«  fonn  of  a  bulky,  indigo-i-olored  hydrnte,  IrO, .211,0,  wlun  a  solution 
of  either  of  tho  chlorides  of  iridimn  or  tluir  double  salts  ih  boibHl  with  an 
alkali ;  Vmt  it  always  retain»t  3  or  4  per  eetit.  of  the  alkali.  Tlie  liydrate 
may  ho  ohlaiuml  by  di^^olving  the  bydrated  susquloxidti  In  jwtaah  and 


*  Of  rier,  Uettrr  tite  iadverbinaunfffn  det  IrUUumi.    QotMngcD,  18A7. 
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treAting  the  solntlon  with  an  Aoid.  It  dissolvt^s  in  )fcci«U,  fonning  Mlt- 
tions  which  orti  dark-browu  when  oonoentrated,  reditwh-ytrlluv  wUi 
dilutv. 

Tho  rWoru/tf,  or  /%rtrtt/iV  oxitle,  IrO,,  fa  not  known  in  the  tree  ttitt,  bat 
U  fortntMl  ill  oumbluatiou  with  jxitiMh,  whvu  iridiam  is  fusvd  for  aoiue  tiw 
with  uitn-.  Thi*  rt^§tllting  bUt-kish-^rpfU  mass  dissolves  io  wat«r,  tvnanf 
a  deep  indijco-colored  solution  of  bodla  potofuiiam  ptfriridl&te,  IcaTing  a 
bliu^k  iTVsUiIlino  p*iwder  fon<iisting  of  acid  ptTiridiate.* 

Iri'ltum,  Uko  thu  othtir  pUlinuu  fnt*t&ls,  shows  bat  little  tendencj^to 
form  ox>'gi*n  satis.  Tho  oxidL*s  dinsolrt}  in  acids,  but  no  definite  salts  irt 
obtaiue-d  in  thijt  way.  Thi^  Kulutinn  of  iridic  oxide  iu  sulphuric  acid  tuu 
ft  dark-brown  color,  which  is  not  modific^l  by  potash  in  the  ti&nic  nuinnprM 
tliHtiif  thtt  diohloridv,  neitlu'r  dot^s  it  yi**ld  any  blutf  procipitattr  on  boiUBf* 

Till*  only  deliuito  oxygvu-salts  of  iridium  that  have  bet5U  obtained  m 
double  salts  oontaining  sulphuroas  and  dithionio  acids. 

fTjfiM>^rulom-ji<itasaic  SuipkUr,  Irti02.3IC^03,  ia  obtained  as  a  white  ajW' 
talliiK'  powder,  whon  thu  uiuthcr-liquor  obtAineil  in  pr'^parinj?  jtutasaiVB 
cbluriridito  by  passing  sulphnrotis  uxido  through  a  solution  of  tiie  ohlflii- 
ridat«,  is  evaitoratud  to  a  small  bulk. 

Sulphides. — ThriH>  su1p1iidt>t(  of  iridium  art*  known,  analopona  to  flii 
Brsl  liirt-e  oxidud  abovu  ilt-scribt-d.  Thf  inujuisulphit/f.  and  tiixHlfJtuU  ano^ 
Laiu*Mi  as  brown-black  procipitjitt^s  by  trt-aliii^  tlie  solutions  of  the  trichlo- 
ride and  t«trnchloridti  rt*S]HTtiv<dy  witli  liydro^i.'U  sulphide.  The  mom^ 
mttpkide  is  a  grAyish-black  sulHitnnn}  obtained  by  deoom])osiiig  either 
higher  sulphides  in  a  close  reasel. 

Ammonlaoal  Componnds  of  Iridium. — The  rhtorideg  of 
ninw    and    irifhsotiiummniiiHin,    ir(^\\^V\),  and    Ir[Nllj(\Hj)Cl]y,   iogetl 
with  the  C(irr(^]>«tnilins  sulphates,  art'  pn'i)nr«»d  like  the  platinous  ooi 
pounds  of  analogous  com]>o8itiun,  whioli  tlu-y  also  rosfmble  in  their  p 

parties.     The  nitrtUifchlnniiv,   ''■<Cvii  fsjujci  ^  '*  f«*'"»*-'<'  **y  heating  K\ 

chlorido,  Ir(NHjCI),,  with  strong  nitric  acid.  Iridiodiamtmnmm  chioriih^' 
ri,lr[NH,(NII|)t'l  ],.  iit  obtninud  an  a  viohn  precipitate  by  treating  the 
nitrato  just  m<*ntionHfl  with  hydrnohlnrio  aoid.f 

Th*"  conip<mnd,  lON*Hj.lr,Cl,,  analogous  to  the  rhodium-comixmnd  abore 
di^crilMnl  (p.  450),  but  having,'  no  analogue  in  tho  platinum  acrifs,  is  oH- 
tainod  a«  a  llcsh-colorwl  crystalline  powder  by  prolong>»d  digestion  of  am- 
monium ohiorirldiato  with  warin  aquvous  ammonia.  Tho  corrus ponding 
carbonate,  nitratt^  and  sulphate  have  also  been  prupai*od.| 


Tridio  solutions  (oontaining  the  dioxide  or  tetrachloride)  are  of  a  darl 
brown-ri'd  colnr  ;  iridious  soIntionH  (containing  thcst'squioxid«  or  tricbh 
ride)  have  an  oHvo-pTwn  color.     Tlie  characters  of  an  iridic  solution  ai 
hf»t  observed  with  swlium  chloriridiate,  all  the  other  iridic  compoum 
being  but  slightly  snlnbl*;. 

Iridiu  8<^ilutions  give  with  nmmoninm  or  polnnximn  chlnruh  a  rrystalUnt*  pi 
ripitatti  of  ammnnium  or  iKttA<4«iium  chloriridiate,  which  Is  disttngui.shi 
from  the  corresponding  platinum  precipitate  hy  its  dark  brnwn-nMi  wdni 
and  further  by  its  reiluction  to  soluble  rhloriridite  when  treated  with  soli 
tion  of  hydrotren  sulphide.     This  reaction  serves  for    the  separation 
iridium  from  platinum. 

•  riaus,  Aon.  Ch.  Phurm   Il«.  ?49. 

♦  Skoblikofr.  Ann.i'ti.  Ph»rm.  Ixxwtv.  176. 
I  Ulaus,  BtitrAge  zuT  VfumU  Oir  PtctinmwttttU.    IterpRt.  imm 
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RUTHENIUM. 
Atomic  weight,  ltM.4.    Symbol,  Ra. 

Tmfi  m«tji1,  diacorcred  hy  (Uaus  in  1840,  occurs  in  platinum  ore,  and 
diii'fly  in  usnuriditim,  of  which  thiTL*  are  tiro  varietit« — (ma  Hcaly,  con- 
aiftltiig  aliuiRft  wholly  of  ntiinititi],  iriiiiuiu,  aiid  riitht-niinn  ;  whilr  thi^  othrr, 
whtoh  U  granular,  contains  but  mere  traces  of  oemiuiu  amiI  rutheniam, 
but  i»  wry  rich  in  iriilium  nntt  rhodium.  Tu  tibtaiu  rudteniuin  scaly 
uHiiiiridium  is  hf^attxl  to  bright  riHln*>sti  in  n.  iMirt-elAin  tubf,  Lbniugh  whioh 
a  uurront  of  uir  (froLMi  fr«fUi  carbonic  acid  by  pantjlu^;  throujrh  jKitamh,  aud 
fruni  organic  matter  by  paHKJrii^  througti  oil  of  vilriul),  i«  drnwu  by  inrauK 
of  an  a.-^ptmtor.  Tlio  osmium  and  riitiieuium  art*  thereliy  oxid)Z<xI,  the 
former  U'ln^  oarrttwl  forward  na  ti^troxidt^  ami  c«indi*nBfd  in  cansllo  potash 
Bulution,  whilu  Lhu  ruthenium  oxidu  rumaimt  i^bind,  to|^4.'tlior  with  iri- 
dium ;  anil  by  fusing  this  residue  witli  pota.-^siuin  hydroxide,  treating  Ihfl 
inat*3  with  wnt(*r,  and  loaving  tUo  liquid  in  a  corked  IkiIIIc  for  about  Iwo 
hours  to  clarify,  an  orange-col orcd  solution  of  potast^itim  rutheniat^  is  ob- 
laini'^l,  whirii,  when  nctitrnliEtMt  with  nilrir  acid,  d«>posiL8  vplri^t-black 
rutbrnium  »eHquiuxid*\  and  Xhln,  whou  Wiuthod,  dried,  aud  ignited  in  hy- 
iirM«;»*n,  yifldM  the  metal. 

Itiiihenium,  thus  prepared,  formal  porous  lumpii  Tory  much  like  iridium, 
and  18  mo-icralely  easy  to  pulv»Tiie.  It  is  the  mor*l  refractory  of  all  nietnls 
exf^'pt  osmium.  Deville  ami  Debray  have,  however,  fused  it  by  placing  it 
in  the  Unttciit  part  of  the  nxyhydrngen  flame.  Aftor  fusion  it  )iaa  a  den- 
sity of  11.4;  that  of  the  porous  metal  i»  8.(i. 

Itutheninm  ia  scarcely  attacknl  by  nitromnriatJa  acid.  It  i9,  however, 
inoro  easily  oxidized  than  platinum,  or  even  than  silver.  When  ])ure  it 
is  fOflily  nxidije«l  by  fusion  witli  )»ota^Hium  hydroxide,  still  more  I'.Hnily  on 
addition  of  a  small  quantity  of  nitrate  of  chlorate,  producing  polai>siam 
ratbeniatc,  which  dissolves  in  wmUst  with  orange-yellow  oulur. 

Chlorides.  —  Ruthenium  forma   tbrco  chlorides,   RnCl,,   RaCl|,  and 

Kui  I.. 

The  tlirhlwutr,  BuCl,,  is  pniduced,  together  with  the  tricblorido,  by  ig- 
niting pulverii'Hl  rutheuium  in  a  stream  of  chlorine,  the  trichloride  then 
volatilizing;,  while  the  eblorido  r«'maiua  in  the  form  of  a  blat?k  cryiitalliue 
powfler,  iii.Midnblo  in  water  and  in  all  aeids,  even  nitro-mnriatic  acid,  and 
i»uly  partially  derompiwed  by  alkalies.  A  Holublt*  dlcblortde  is  formed  by 
piLfTiing  tiulphydric  acid  gas  into  a  solutiftti  of  the  tricblorirle,  a  brown 
sulphide  btMng  then  precipitated,  aud  the  solution  acquiring  a  Quo  bine 
color. 

The  trirhJorvin,  or  JttJheuiauti  ckioriile,  RnCI,,  prepared  by  precipitating  a 
solution  of  potassic  rutlieniiite  with  an  acid.  di»<tolving  the  precipitated 
black  oxide  in  liydro«'hlorio  acid,  and  evajjorating,  in  a  yeUow-brown, 
cryytalline,  very  deliqut^coul  mass,  lH»coniing  dark-gr«*tn  and  blue  at  cer- 
tain jMfiutji  when  strongly  lieattKl,  It  disstilvcH  easily  in  water  and  in  alvo- 
bol,  leaving  a  sm.ill  quantity  of  a  yellow  insoluble  salt. 

Tho  or>nccntrated  Solution  of  ruthenious  chloride,  mixeil  witti  concen- 
trated solutions  of  the  rblnrides  of  potiKsium  and  anuuoninm,  yields  the 
double  salts,  RuClj.^Ki;!  and  RnClj. 2X11,0,  in  the  form  of  crystalMn« 
precipitat*'^,  with  violet  Irideeoence,  very  slightly  !<ulublu  In  water,  In- 
soluble in  alctiliol. 

The  trtrai'Uiyriilf,  or  Huthruir  rhlitrult*,  Iturij,  is  known  rtnly  in  its  donfa1« 
salts.    The  poiastiuai  tail,  KuCl,.:^Cl,  ia  prepared  by  mixing  a  solutloa  oC 
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rutlumic  hydrate  In  hydrochloric  acid  with  potassiani  chloride,  and  evi  _ 

ralii))^  to  the  cryHlalliziiig  point.  It  ih  brown,  with  rt>84?-<iol<irf<l  iriii««ceai 
Tory  Koltiblo  in  wator,  but  iiit^olubU*  in  aU'oiiol.  Tliv  uitumnmm  soil,  Ku( 
2NlI^t't,  is  jmrparud  like  Ihu  potiuisiuui  »alt^  which  it  r«K'uibU*fl  clOHvly, 

Oxides. —  Rnthiniium  farmH  flvo  oxideEi,  vU.,  RuO,  RujO,,  RuO, 
and  UiiOj,  the  fijurlh,  liuwevfr,  bvlug  known  only  in  combination. 

Thti  monuriilt,  HuU,  obtained  by  vnlciniug  the  dichbirido  with  sod) 
oarlKinalti  in  a  current  of  ciirlwn  dioxide,  and  washing  the  ri't^iduu  with 
water,  hajf  a  dark-i^ray  tY>lor  and  uiotallia  lustre;  i;^  not  acted  upon  by 
arid:! ;  l)ut  Ih  r"Nluc<.»d  by  hydrogen  at  uniinary  Iwinpi-raturfM, — 'tUv  artrfui- 
oxiilr,  or  Ii.HthrHio*tx4ifid*',  RUjO,,  lA  a  blubth-blai'k  jwiwdnr,  fornK-<L  by  ht-at- 
ing  tbw  mt'tjil  in  thn  air.  Tb*i  onrresfKinding  bydrati?,  UUaO,.3Hj(),  or 
U11II3O,.  iH  obt.iinfi  by  prHrijiitating  ruthenious  chh)rid«  with  an  alkaline 
carlKMiaU!,  aw  a  blackinh-brown  Kubstancv  which  dis8olvc«  with  yi-'llow 
color  in  airidn. — Tin-  lUoTtHf,  or  lluthrmf^  nride^  RnOj,  is  a  black-ldao  pow- 
der^ obtaintMl  by  roasting  the  diHtilplitde.  Rtttht-nic  Hydratt,  RuOg.'lU^O 
or  HuHjtij,  is  obtaint^  a?*  a  gelatinoua  prt'cipitato  by  disjomposing  po  " 
Blum  clUororuthimiatti  with  fUKlium  carlmnalc — Thi*  trinridr,  RnO 
raonly  ealltni  ntthmio  nriti^  is  knnwn  only  aa  a  potasKinni  ealt,  which 
obtainfd  by  igniting  rntht'nium  with  caustic  potash  and  nitre  ;  it  fn 
an  urange-ycilow  solution. — Th«  triroritte,  Ru<\.  is  a  vi^latile  compon 
atiaU>gou8  to  mini ir  tetn>xiil»',  obtain<''l  by  boating  rnilii'iiiuin  with  |K>ta5h 
and  nilru,  in  a  Rilv^'r  orno)l>U'.  disMolving  tho  fnAeil  nmitA  in  wat4>r,  a 
poasing  chlorinn  through  tht^  f^oliitSon  in  a  tnbulatifil  rolort,  conm-otcd 
a  oondtfutilug  ttilw  with  a  ri.'ct'iv(.'r  containing  pfltaith.  Tlitj  l<»tnixid»»  Un 
passes  over  and  a»ndi'n«»'ij  in  the  niM-k  nf  the  retort  and  in  the  t«ho,  UM 
goldon-yellow  cryatailino  crust,  which  nielt^  t>etwt!i<n  M>o  and  04>Q.  It 
heavier  than  oil  of  vitriol,  iliHHn|vi>s  slightiy  in  water,  rt»mlily  in  hyrl 
dilnrio  arid,  forming  a  Holntiini  easily  dt-ooni[>OHcd  by  alcohol,  aulphu 
arid,  and  oilnT  reflucing  agents. 

Sulphidea.^Hydrogen  sulphide,  pn.«w«l  Into  a  solution  of  fUher  of  the 
chloridcii  of  rulhoninoi,  wtually  funns  a  pni-ipitato  contti»tiug  of  rntho- 
nlum  aulphido  and  oxy»ulphMt>  miioHl  witli  frt>«  nnrphnr.  Thif  blu« 
Kolulion  of  tlio  didihtridu  yieldti  a  dark-brown  Bintijuisulphidis  Hn,J^. 
Wbi*n  hydn>gpn  sniphtdn  ifl  paHftevl  for  a  bmg  time  into  a  solution  of  tlin 
triohloridp,  ruthonlum  dt<)ulphid«*,  RuS,,  U  formed,  as  a  brown-yellovr 
precipitate,  becumitig  dark-brown  l»y  calcination. 


low- 
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Ammoniaoal  Ruthenium  Compounds. —  Trframmftni^hifftrtruthrnu 
Cktomh,  4.Mlj.ltu<;i,.;ill/>,  or  Kn[Mi,(MI.)( '|],.:iH,0,  U  fon'unl  by  l^ul 
ing  i\i*3  solution  of  aminonfnm  cblororutb«*nintt*  (Kn{'l^.2NM^<'I)  with  Am- 
monia.    It  foruid  goldeu-yolUiw  obliquo  rbumbic  crystaU.  very  8olub)<*  in 
water,  inaoluble  in  alcohol.     Treated  with  silver  oxide,  it  yielilt!  th< 
rcflpondjng  oxide,  4NH,RuO,  which,  liowever,  in  dtH'ompo<ti<d  hy  evaitoi 
tioD  of  ita    solution,  giving  off  half  ita   Hmmonia.  ami    leaving    tli 
[>ound,  2Nll,.Ru<i.     Th»i  carbonate,    nitrate,    nnd  (intphate,  obtaino<i   Ity 
troatiug   this    last-mcntioucd  oxidu  with  the  corresponding  silver  soli 
form  yellow  cryauls. 


\m- 
.^  in I 


Th*  onrapoundfl  of  ruthenium  may  readily  ho  dIatiugniHhc*!  from  th< 
of  tho  other  platitnini-metaU,  hy  fuiiing  a  few  milUgram.H  of  the  Kul'Htanl 
In  a  platinum  FiM>on.  with  a  large  exLv?:)  of  niire,  leaving  it  to  c<hi1  wIh 
it  ceoMM  to  froth,  and  diDaolring  th«  outdvd  mativ  in  a  little  distiUerl  waU< 
An  orange-yellow  aolation  of  potaaaiuni  rnthuniate  ia  thna  fbmi«d,  whil 
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on  addition  of  a  drop  or  two  of  nitric  acid,  yields  a  bulky,  black  procipi- 
tatu  ;  and  on  adding  hydrochloric  acid  u>  the  liquid,  with  tht*  pn  ci^itute 
Mill  in  il,  »nd  tu'Ating  it  in  a  |H>rcv<Iaiu  crucibl**,  the  oxide  diKMolv^it,  furm- 
ing  a  Hniiitiuu  wliieb  biut  u  line  oranije-yollow  color  wbt-n  «*iiut.'ulraU*d, 
ami  wb«n  iruttltd  witli  h^rogen  snlpfUde^  till  it  bitcoini'S  nearly  black, 
yielfls  a  fillratw  of  a  Bplcndid  8ky-blu«*  color.  Charadorislic  rvactious  art* 
al&o  obtained  with  pottusiuni  autpht>cif(inute,  which  eolDrs  the  liquid  di*ep. 
red.  changing  to  riobH  on  heating,  and  with  Uod  tuMaie,  which  forma  a 
purple-red  precipitatts. 


OSMTUM. 

Atomic  weight,  lUD.:!     Symbol,  Oi. 

TnB  separation  nf  thia  metal   frum   iridium,  ruthtiniom,  and  the  othi 
miHnU  with  whioh  it  in  aasuciated  in  native  osmiridium,  and  in  platinum 
ri>Aidue:t,  dept^ndj  chifUy  on  ite  ruady  oxidation  with  nitric  or  nitm-murialic 
soid,  or  by  ignition  in  air  or  oxygon,  and  Iho  vulutility  uf  the  oxidu  tliUB 
productHl. 

To  prepare  metallio  osmium,  the  solution  obtained  by  oondensing  the 
raimr  of  usmium  tutruxide  iu  potash  (p.  465)  ia  mixed  with  cxtM.'SB  uf 
hydrojhlorio  aoid.  and  digt^ti^nl  with  merenry  in  a  wt-ll-<!U*tKl  bottle  at 
^\  Tha  odmium  is  then  reductMl  by  the  mercury,  and  an  amalgam  i« 
formed,  which,  when  distilbxl  in  a  stream  of  hydmgon  till  all  the  mercury 
and  calomel  are  expelled,  Itjavea  metallic  oamiuiu  in  the  form  of  a  black 
powder  (Ihtrzelios).  The  metal  may  aUu  bt5  ubtaiued  by  iguiluig  aimno- 
nitim  ulilon>-OHmite  with  ftal-auunoniac. 

Tlie  propirtirsi  of  osmium  vary  according  to  its  mtHle  u{  prei>aration. 
In  the  pulvorulont  Htato  it  ia  black,  detititutf?  of  metallic  lustre,  which, 
however,  it  acquires  by  hiirnifthing  ;  in  the  compact  iftate,  aa  obtained  by 
Boriolins's  method  alM)vo  dejfcribed,  it  exhibita  metallic  lustre,  and  ban  a 
density  of  10.  Deville  and  Dobray,  by  igniting  precipitated  osmium  snl- 
pido  iu  a  crucible  of  gaa-coke,  at  the  melting  heat  of  nickel,  obtaimni  it 
in  bluish-blaok,  easily  divisible  lumps.  Wbrn  heated  to  the  melting  |>otnt 
of  rhodium,  it  becomes  more  compact,  and  acquirea  a  density  of  21.:J  to 
21.4.  At  a  still  higher  temperature,  capable  of  nicULng  rulhenium  and 
Iridium,  and  volatiliaing  platiuum,  osmium  likewitwj  volntilires,  but  still 
doea  not  melt ;   iu  fact,  it  h  the  innst  rpfrartory  of  all  mntalfl. 

Osmium  in  the  finely  divided  stale  ]a  hiRbly  combuatibli?,  oonlinning  to 
burn  when  set  on  fire,  till  it  iA  all  volatillt*Ml  aa  tetroxide.  In  tltis  Jitnu-, 
also,  il  i«  easily  oxidizi?*!  by  nitric  or  uitro-muriatio  acid,  being  oonvnrteil 
into  tetroxide.  But,  after  oxiK»Hur*'  to  a  red  heat,  it  becomes  less  oombuB- 
lible,  and  ia  not  oxidized  by  nitric  or  nitro-muriatic  acid.  Osmium  which 
had  bewn  heated  to  the  molting  jwint  of  rhodium,  dr>e«  not  give  ofT  any 
vapor  of  tciroxide  when  hoalf^d  in  the  air  to  the  molting  point  of  aine,  but 
takea  Ore  at  higher  temperatnrea. 

OBmltim  Chloridea. — Osminm  forma  three  chlorides,  analogous  to 
thnse  nf  iridium  and  rutht^ninm.  When  il  ia  heated  in  dry  cblnrine  gas, 
there  is  foruitni,  tlnrt  a  blm-  black  aublinmto  of  the  dirbloride,  then  a  red 
Sublimate  nt  the  tetrachlnride.  Tliv  JttUorittt,  or  ht/pn-ofmiotis  rhlttriiUy  dit*- 
soWt>fl  in  water  with  dark  violet  bine  color.  It  id  likewise  forra<Hi  by  llie 
avtion  of  reducing  ajjpnU*  on  <Mlher  nf  the  liigher  ehlnridt»»,  into  whiuh.  on 
the  other  hand,  it  is  eaaily  converted  by  oxidation.  The  addition  of  potas- 
39 


468 


PLATIVUM    MKTALft. 


tkum  AJoride 


adonUe  salt. 
caDUiDad  in   the  soli 


Otoamrri  br  Uvaling  th«  •k^wJotiA*  witk   k/dradkli 


one  acid. 


It 


doabU  salts  with  alkalin*  chloridot.  The  ptimmiwm  m^,  OaCl,.3KCl.a 
k  pffodaeed,  togvtli«r  with  poUasiDm  oblotvamate.  when  a  nujctan?  <ft 
T<rii«d  Qcmiou  and  poiaaaiam  dilorido  is  ffnitod  m  chlorioe  gaa  ;  it  U 
dark  r«4l-bn>wn  frrstala. 

Th«  UirKicklorut^,  or  Omuc  eUaride-y  OiCIv  i»  the  red  oompoand  whicb 
stitates  the  priudpal  part  of  the  prgduot  obtained  hj  tgiuting  oeiniim 
chlorine  gac.  It  discolrca  with  jellov  oolov  in  water  aud  alcohol,  an 
<l«cum|K«ed  qoickljr  in  dilute  solatioD,  more  ftlowljr  in  presence  of  by 
chloric  &cid  or  metiLliic  chIorid««,  yielding  a  blacic  procipitateof  oemicoE 
and  a  aoluliOD  of  osmiom  l«troxid«  in  bjrdrochiurie  acid. 

Ounic  chloride  auitea  witb  the  chloridt^  of  ibe  alkali-metals,  form 
salU  aometimea  called  osmiochloridea,  or  cblurosmateB.  Fj 
the  ftolntiona  of  these  salts,  Afdroyem  $ulpk»de  and  ammonium  tuipkitit  klo 
prtxipitate  a  .velluw-bruwu  sulphide,  insoluble  in  alkaliuu  sulphi^ 
tilrtr  nitrate  formg  an  olive-green;  sUmmm*  rMtoritfv,  a  brown  prccipit 
7'annic  acid,  un  heating,  produces  a  blue  color,  but  no  pnvipitau- ;  fk 
num/rrroci/anuie^  first  a  green,  then  a  Wu»  color ;  potassium  iodide^  a  i 
purple-red  color.  I^jttuh  gives  a  black,  auamoMta  a  brown  prccipi( 
hIomIj*  in  tho  cx>ld,  inunediatelj  on  boiling.  Metallic  cine  and  tettium 
iMote  throw  down  metallic  oemiuin. 

Sodium  otmiochloride,  OsCl^J^'aCl,  prepared  bj  heating  a  miztnr< 
osmium  sulphide  and  Aixliuui  chluridu  in  a  current  of  chlorine,  cryslall 
in  oraiigif-colorL>d  rhombic  prisms,  an  inch  hjng,  easily  itoluble  in  Wi 
and  in  alcohol.  The  poiasstum  and  amwonium  iti/ri,  of  analogous  camp 
tion,  arc  obtained  as  red-bruwu  crybtalluitf  precipitates  on  adding  : 
ammoniac  or  potassium  chloride  to  lh«  sitlutinn  of  the  sodium  salt. 

: 

Oxides.— Oeminm  forma  dve  oxides  anslngons  to  thnae  of  mthenli 
The  RKHKuru/Ct  or hyp^-oemifms or ide,  0»0,  is  obtained  by  igniting  hrpo-osmi 
sulphite  in  a  stream  of  carbonic  acid  gas;  aUo.  as  a  blue-black  hydn 
)iy  heating  the  same  salt  with  strong  potash  solution  in  a  closed  veC 
liypo-oamious  atdphite^  OsSOg,  orOsO.SOy,  is  a  black-blue  t^alt,  produced 
mixing  tho  aqneoua  solution  of  osmium  tctroxidr  with  sulphurous  ajj 
The  sef*/uiozidr,  or  omiitms  oride^  *^M'a'  ^^  obtained  by  beating  either  of 
double  units  of  the  trichloride  with  smlium  cartx)uate  in  a  stream  of  < 
bonio  acid  gas.  It  is  a  black  powder,  insoluble  in  acids.  The  hydr 
obtained  by  precipitation,  has  a  dirty  brown-red  oolor,  is  soluble  in  aoj 
but  does  not  yield  pure  salts. 

Tlip  dinxidt,  or  0$mie  oxide,  OitO^  is  obtained  as  a  black  insolnble  pow^ 
by  heating  potassium  oemiochloride  with  wHlium  carltoiiate  in  a  slreazij 
carbonic  acid  gna,  or  in  coppfr-red  nu-tfllltr  nhining  lumps,  by  heating 
t<arri*8ponding  hydrate.  Onmic  htfdraif,  Oi^t>3.2H,0,  is  obtained  by  preol 
tnting  a  snlution  of  {M^tassinm  OMiiiineliloridf  with  potash,  at  the  boil 
heat,  or  in  f;r<!ater  purity  by  mixing  a  solution  of  potaasio  otjuiite,  K 
OsO,,  with  dilute  nitric  acid. 

The  trinxidr,  <>t«0,,  is  not  known  In  the  free  slate,  bnt  combines  iV 
alkali«-s,  forming  sslts  called  OHmites,  which  are  produced  by  the  set 
nf  n<<li)ciiig  a^^'iit'*  on  the  t«'trfixide  in  presence  of  alkalies.  Tho  folagi 
judt,  K,0.()HOg.21!,i»,  is  a  rost'-colonNi  crystalline  powder. 

The  Mroxidp,  Oi**'^,  rtiniinniily  cnll«I  fsmit:  nnd,  ih   the  volatile,  sti 
nno'llliiK  rnni|HiiiiMl,  furiiu^fl  wlien  oMiniuiii  or  ('ithnr  of  its   lower  oxidi 
heiit«Nl  ill  the  air,  or  treated  with  nitric  ur  nitromuriatic  acid.     It 
prepnrud  by  li«ating  osmium  in  a  current  of  oxygen  gas,  and  coudeusi 
the  cool  part  of  the  apparatus  in  colorless,  transparent  crystals.     It 
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tw^lov  10(P,  and  Ik)!1s  at  a  t4*mperature  a  little  aW)?!*  its  melting  point. 
IiK  vapor  baa  an  intolerably  pungL>nt  odor,  attacks  the  eycii  stron^^Iy  and 
paiufulU',  and  is  excfT<slvrIy  pfiinonous.  Oniuinm  tetroxid«  is  dtM^olved 
filowljr,  but  in  oon^idt^rabli'  quantity  by  wattT,  Ibrmiu^  nn  acid  solution. 
It  is  a  powerful  oxidizing  agents  lUi-ulorizing  indiKo-t^olulioii,  fii'jmrating 
iodini*  from  potiutflium  iodide,  converting  aluihol  into  alilebyde  and  acetic 
aoidf  vtti.  It  di8»otvi*8  in  alkalies,  forming  yellow-red  solutions,  which  aro 
inodoroas  whvn  coM,  but  when  beat«fi,  gire  utT  th«  tetroxide  and  freti  oxjr* 
gen,  leaving  a  residue  uf  alkaline  osiuit«. 

SnlphldAS. — <>«mium  hnmn  in  anlphnr  vapor.  Five  anlpltidea  of  o«- 
miuin  are  said  to  t-xiiit,  analogous  to  the  oxides,  the  first  four  being  prt>- 
ducwl  by  dt?i'»iiuposiU)^  the  c<jrrii*ponding  ehloridcs  with  hydrogen  sulphide 
and  th«  tetra,iulphid4i  by  piis^ing  that  gas  into  a  solution  of  tbu  tetroxide. 
Tb«  last  is  a  sulphur  aeitl,  perfectly  soluble  iu  water,  wheroaa  the  others 
are  sulphur  bases,  slightly  soluble  iu  water,  and  forming  deep  yellow 
solutions. 

Ammoniacal  Ostnltim  Compounde. — A  cold  solution  of  potassiam 
ocuiite,  iuix<?d  with  ujU-auammiai;,  yielda  a  yellow  crystalline  prwipitate, 
oounitiliiig,  according  to  Claua,  of  fiytlraled  tuiMutHManium  t-A/yni/e,  Os(NIl3Cl)j. 
An  aqaeous  solution  of  the  tetroxide  tre-aled  with  ammonia  yields  a  brown- 

blaok  powder,  consisting  of  NjU^OsO,,  or  0Z;0b<^JJJ{*>04-  H^. 

OsMiAitic  Aci»,  li.ps,N,Oj. — Tlie  potassium  salt  of  this  bihasic  acid, 
K,Oa|N|0|,  111  produced  by  the  netinii  of  ammonia  on  a  hot  solution  of  os- 
mium tetroxide  In  excels  of  potash  :— 

COsO^  +  SNilj  -f  6KH0  =  3K,0s,N.A  -|-  15n,0  -1-  N,, 

It  separates  as  a  vMlow  i?rystnlline  powder,  and  its  solution,  treated  with 
silver  nitrate,  yields  a  pr<»i'ipitate  of  silver  osmiamate,  AgjOsjNjO^,  from 
wbifh  the  sqneons  arid  may  bn  prepared  by  diKXimpoaition  with  hydro- 
chloric arid.  It  is  a  strong*  acid,  decomposing  not  only  the  carbonalM, 
biU  nlao  tht?  chlorid-^s.  of  potassium  and  sodinm.  The  osmiamates  of  the 
aIIcRli-met»l»  and  alkaline  earth-mctals  are  solablu  iu  water;  the  lead, 
mercury,  and  silver  salts  are  insotnblo. 


All  neminm  compounda,  when  heated  with  excess  of  nitric  add,  give  off 
the  nnplcasant  odor  of  iwminm  tetroxide.  By  ignition  in  hydrogen  gaa, 
they  are  reduf^e*!  to  mt'tnllic  <wminm.  ■wliich,  as  well  as  the  lower  oxide, 
emits  the  snnir  ndnr  wlir>n  henlnl  in  contact  with  tlir  nir.  Tlie  reactions 
of  osmium  salts  in  solution  have  already  been  deecril>e<l. 
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PART  IIL 


CHEMISTRY  OF  CARBON  COMPOUNDS 

OR 
ORGANIC   CHEMISTRY- 


INTRODUCTION, 

Tub  term  "Orgnnio  rhcmislry"  orij^lnally  denoted  the  chemiitrr 

comjMHimU  fr)rimHl  in   tlui   tKnliim  of  ptnuls  aii<l  auiiiials.     The  ]>itu1 
uharautunj  uf'tliH  oumpotinda   tliiiu  forutMl,  uml   lUt*  failure  of  lUo  earl 
atiuiupts  Ui  prtMJiictj  tliom   ity  nrtillcial  nifaiiit,  loil  to  tlm  ernini.-ouB   i 
that  thmr  foriitAtinn  woa  dii«  to  A  lu^'titeriuus  jHtwur,  cnlU-d  '*  vital  fori 
supposed  to  rvdidt*  in  the  living  orgauiHni,  ami  to  f;ort*rn  all  tb(*  chan 
and  procvii»t4  taking  plaio  within  it.      In  acconlanre  with    this  i<lrn, 
chomictry  of  organic  cumi>ound8,  iiiL'ludiug  ihusc  whitrh  were  Ibruit^l 
artificial  prt>oeHE}i^  from  thu   prixhtits  of  Vfgolable  ami  aniiuAl  life, 
erected  into  a  upocial  branch  of  uhimiical  aoittnce. 

Later  reaearohcti  have,  Luwuvit^  mIiowu  that  a  largu  nuubcr  of 
pounds,  fcirioerly  regariled  aa  prwluciUe  only  uu>iur  the  influence  of 
fto-callfd  vital  forc«,  may  be  formed  cither  by  direct  uonibinalion  of 
elements,  or  by  uliemicul  tr&iiiiformatiou  of  iuurgoiiic  CMiii[Ktundii. 

The  Unit  Hti^p  in  the  formattun  of  organio  cuiiiiKjunds  from  their  eleme 
was  matte  Uy  WOhler,  who  showeJ,  in  Ib^i,  that  urea,  the  oharacteriii 
constituent  of  urine,  can  be  produced  by  mcjleeular  transformatiaa  of 
mcniinm  cyanate.     Tliia  rxperiinent,  rit*weil  in  connix-tion  with  the  fi 
established  about  twidve  yean*  aftenrarda,  that  cyanogen  (CN)  turn 
formed  by  direct  oouibinalion  of  ita  elemeiitH,  b)  conclntiive  of  the 
bility  of  forminjf  a  product  of  the  living  organism  from  inorganic  materi 
More  recently  it  hoi*  lK»en  shown  thai  elhine,  or  acetylene,  r,llj.  can 
pro^tuctNl  by  thtf  dir«Tt  mmbination  of  carUm  and  hydrogen;  that  t 
compound  can  be  ma^le  to  take  up  two  additional  alomK  of  hydrogen 
form  etheue,  CjH, ;  and   that    thiii   latter  eomiKitind  can  Ih«  converted  i 
alcohol,  (.'jH/l,  a  body  formerly  supposed  to  Ih»  producible  only  by  the  fu 
xnentatiuii  of  sugar;  and  from  this  a  Iarf:e  numlter  of  other  cumpnum 
can   Iw  priNluct'd   by  the  action  of  various  reaf^enta.     The  resenruhcfl 
Btrrlholel.  KoIIk*.  Wnrti,  and  other  diatin)mi«he«l  ehemistii,  have  led  to  t] 
dweovery  of  a   lar^je  numlN>r  of  other  easea  of  the  formation   of  orgAO 
coiuiMWiuiU,  often  of  jfreal  ("ojnjdeKJty,  fn*m  aubfttane4*8  of  purely  miner 
origin,  and   ultimately  from  the   el»*nienlH   them-^elvea.      The  ilivitiirin  I 
c-nniiMmnda  into  two  dihtinct  branches,  inor^'anio  and  organic — formMl  m 
cording  to  di»linel  lawn,  the  former  lieiof;  artillcially  pnKiucibh-  by  dir« 
cotubination   of  their  eleni»»nt<i,  the  latter  only  under  th«  influfiire  of 
■apposed  vitAl  force — must  therefore  bo  abandoned.    There  i».  inde«d.  bl 
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one  science  of  f^liemiiitry,  of  which  the  Htudj  of  the  oemponnds  CAlled  or- 
ganic forms  a  pari, 

Orj^anio  c-heuiwlry  is  in  fact  the  cheinistrj  of  rarlton-compounds,  and,  in 
a  sirlcily  ttystematiii  arraiigi'meut,  thesroompoundh  should  be  dMicribt^d  in 
oouaectioa  with  tht?  t'li'inent  carbon  itsrlf.  Hut  thf  cnin[>i>uu(U  into  which 
carlmn  enters  are  so  niinK^rous,  their  constitution  and  the  transformutinne 
which  they  under^^u  under  the  iullut*ucu  of  )it>at  and  of  ehurnioal  reagents 
art?,  in  uian.v  instances,  so  oiiroplicated.  that  it  is  found  iiest.  for  llw  pur- 
pot«ea  of  in^iruction,  to  defer  their  consideration  till  the  other  eleuient»  and 
their  compoiindH  have  bei*n  studied. 

It  is  important,  in  ttiis  ptaca,  to  mark  the  distinction  twtween  organic 
compotindH  aud  org:anizod  bodies.  Organic  bodies,  audi  as  marsh 
gas,  etheue,  bt_>nzene,  alcohol,  sngar,  mr>rphine,  otc^  arv  deUiiiti*  chvmical 
Domponuds,  many  of  which,  as  already  oiisrrvivl,  may  lie  formed  hy  artl* 
flci&l  niethixls  ;  ttio«ie  which  are  solid  can,  for  the  most  part,  be  oryst&llUed ; 
those  which  aru  liquid  exhibit  roniitant  bi^iltug  points.  OrKftuized  bodies, 
on  Iho  contrary,  always  consist  of  mixtures  of  several  definite  compounds. 
Tht-'y  Dover  cryMtalli/e.  but  exhibit  a  fibrous  or  cellular  structure,  and 
cannot  be  rMluetMl  to  the  liquid  or  gasLM)us  state  without  complett*  dnnm- 
positton.  Lastly,  they  are  organs,  or  parts  of  organs,  which  ore  essentially 
prodouts  of  vitality,  and  there  is  not  the  slightest  j>roepect  of  their  ever 
bein^  produced  by  artificial  means. 

The  study  of  the  composition  and  chemical  retationa  of  organized  bodies 
belongs  to  a  special  dfpartnu'nl  uf  th^  Roi<mce  called  "  Physiological  Chem- 
istry," which  bears  the  same  relation  to  Orgoniu  Chemistry  that  Chemical 
tieology  bears  to  iMiiicralogy. 


DECOMPOSITIONS  AND  TRANSFORMATIONS  OF  ORGANIC 
C0Mi»0UND3. 


Organic  bodies  are,  generally  speaking,  distinguished  by  the  facility 
with  wliich  th**y  decompose  uuder  the  iiiilui'ncw  of  heat  or  of  clicoiical  re- 
agents; the  mor«  complex  the  body,  the  more  easily  does  it  undergo 
diH'om  posit  ion  or  tranrifemiation. 

1.  Action  of  HtAit, — Organic  Itodies  of  simple  oonstitntion  and  of  some 
]H*nuanenoe,  but  not  capable  of  subUiulng  unchanged,  like  many  of  the 
organic  acids,  yield,  whfu  exjKMtMl  to  a  high  but  regulated  temperatnre, 
Li  a  retort,  new  oompoumls,  [H^rfectly  definite  aud  often  crystal  11  sable, 
which  partake,  to  a  certain  extent,  of  the  properties  of  the  original  sub- 
stance. Carlxtn  dioxirle  and  water  am  often  eliminated  undfr  these  cir- 
cumstaneea.  If  th«  heat  be  suddenly  raised  to  redness,  the  regularity  of 
the  decvniprjsiliou  vauislies,  whih:  tlie  produL'ts  become  more  uncertain 
and  more  numerous;  carUm  dioxide  and  watery  vapor  are  saccee<led  by 
inflammable  gas<^,  as  carl>on  monoxide  an<l  hyilrtxrarbons  ;  oily  matter 
and  tar  distil  over,  and  increase  in  quantity  nntil  the  elose  of  the  opera- 
tion, when  the  retort  is  found  to  contain,  in  most  eases,  a  residue  of  char- 
coal.    Such  is  drtf  or  dtxtructive  distiUatinn. 

If  the  organic  snbstance  eontnins  nitr<»g»'n.  and  it  is  not  of  a  kind  capa- 
ble of  taking  a  new  and  permnnent  form  at  a  mo<lerate  degree  of  heat, 
then  that  nitrogen  is  in  most  instances  partly  disengag'-d  in  th**  shape  of 
ammonia,  or  sutistauces  analogous  to  it,  partly  left  in  combination  with 
th(*  carlMjnaeei>ud  matter  in  thu  tlistillatory  vt<8sel.  The  products  of  dry 
distillation  thus  l>eco>ne  still  more  ttniiipHrnlrd. 
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pitim  olilnH<l«  rend^m  it  more  stAble,  by  fomii  Me  saJt.    Tht  ai 

(Morale,  fhiC)|i  Iiah  not  \m!*-u    liioUttxl,  bat  i»    ■  .in    the  mltum 

obtaUifd  bv  trfiitiii},;  tbtf  sifiqiiioxidv  with  hvuntt^ciiuiic  acid.  H  fnV 
iluiibb*  flali4  Hith  allcMliiKj  cbloriUi^.  Tli«;ioroci^Mi  ju//,  OvCV^CClJEA 
U  prmluc*Ml,  togt'lhor  with  ]Kita»!)ium  chlorosmate,  wli^n  a  mixlofv «f  fi^ 
ToruiMj  cmrniuni  Aiiil  iHttaAiiluin  chioride  ia  ignite)  tn  cfaioriue  gaa ;  U  Imb 
dark  r*d-br<)wn  cr/iit«Ift. 

Tlift  tflmchiortdi;  or  0*«ic  chftrriiff,  OoCl^,  is  the  r«d  com;  h  »» 

vtiluU*!!  lli'i  priiu:li>al  part  of  the  product  obtaiiietl  iiy  %g\,. 
chlorino  gtw.     U  ili»»olvf«  with  ycUow  color  in  watur  and  aici>Lt4, 
din<(Mii|Mitii.Ht  qui<kl,v  in  diliiti*  solution,  moru  t-lowly  in  pr«»tfjicc  of 
chlorlt)  acid  uruu'tiillic  cliluridi«,  yicbliuga  blaik  precipitate  of 
mill  ft  solution  of  usiuium  totroxidu  in  hydrochloric  acid. 

UMUiit!  ithluridtt  uiiit4ra  with  the  chlorides  of  the  alkali-net&U,  Ibraiiai 
valto  HuuK.'liineB  callud  OAmiochlorides,  or  clilurosmalvs.    Vnm 
tha  «oluti»nri  of  th^iio  salts,  hydrogen  tut/ihuie  and  amMonivm  siHfifn'tSc  iV^vlj 
prt*(l|iltAto   a  yolluw-bruwu   uulphidr,  insoluble  in   alkaline 
ititrttr  iiitruU  forrng   an   olivy-gn'on  ;  xtantuiiu  chioride,  a  brf>wn 
Tannic  acid^  on  huating,  prodac«s  a  blue  color,  but  no  pr>  ;m(u- 

mumfvnvraanidty  first  a  greiltii,  lht<u  a  hlu«  color  ;  pfffturiu  i  de«p 

ptirplc^<riMr  color.  Ihtash  gives  a  black,  atoMoma  a  br^mij  ^tirL-ijittllP, 
slowly  in  tho  uold,  itumudiuicly  oa  boiling.  MetalUo  zinc  and  »odmm  J^r* 
MHJ/D  throw  dowu  mutallic  o«iuluni. 

Sotiium   numiorfiiuridf',  ()HCI,.2NaCl,  prepari-d    by  heating   a   mixturv^ 
osiniiiiii  nulphidu  and  B<.wJium  chloride  iu  a  L'urretit  of  chlorine,  crystall 
111  orKng««>eolorud  rhombic  priHinit,  au   inch  long,  easily  euluble  in  ws 
&nd  ill  aloohol.     Tho  ftotassmm  and  uitim'mium  taiU,  of  nnajogous  com 
lion,  am  obtainM    as    rod-brown    cryHtalliiiu  prectpitatos  on  adding 
ftUi>tio))ia«i  or  potusHium  oldorldo  to  the  solution  of  th»  sodium  salt. 

OjddAl.-OHmiiim  forms  flro  oxides  analogous  to  those  of  mthcninm. 
Thii  tuvHOJcidf,  or  hi/jw-oxmiouM  oxide,  <>rO,  is  obtained  by  igniting  bypo-otntloi 
Niiluhito  In  n  ittrvam  of  mrlxmio  acid  gas;  alno,  sa  a  blue-black  bydral 
by  litiAtltiK   thv  same  nnit  with  strong  potash  Bolutfon  in  a  cloaed  ri. 
Hiffio-t*MmiMiM  nuifthitr,  OaSOg,  or  Oti<).S<>,,  is  a  black-blot?  salt,  produced 
mixing  tho  aqunous  solution  of  osmium  totroxidc  with  sulphurous  acic 
Tho  unufUt'iTtdr,  nr  unnvrnK  oj-iV/c,  ObjOj,  ih  obtained  by  healing  either  of  ll 
rlnitbli'  iinllii  of  llin  tri<'h1nrii1i<  with  Roditnn  rnrbonnt'^  in  a  «trf*am  of 
lioitir  noiil  gas.     It  in  a  black  powdrr,  insoluble  iu  acids.     The  h^intt 
ohtnlritHl  by  prorlpitation,  has  a  dirty  brown-red  color,  is  soluble  in 
but  dui*N  not  ytrld  pnt-(«  Halls. 

Thu  difiridf,  or  Otmie  oxidf,  OnO,,  is  obtninfd  as  a  black  hisolable  powdt 
by  liKAtlng  potnsninni  osmio<^hlorid«T  with  nndinm  cartMinAtf>  in  a  strram 
rarUmln  nt'ld  ga*.  nr  in  OfiplHir-rtfl  nictnlUo  shining  lumps,  byhrating  tl 
('■•l-ropotidlng  iiydrnto.  Ormir  fiffdrntr,  (>«(),. 2H,4>,  ts  obtniutKl  by  precipl 
litlltig  a  nohitliiii  of  potnnNluro  Oftniiochlorid)'  with  pota»li,  at  the  huilin| 
hi*At,  or  In  ^i<'At"r  purity  by  mixing  a  solution  of  potassio  oendte,  K|0. 
l»il)„  with  ihhittt  nllrir  arid. 

Thn  timridf,  (»n(i.,  jt  not  known  in  the  frco  state,  but  combines  wit 
I  Alknll^Si  T'lnnliii?  Knlu  onIU>d  oitmites,  which  art'  prtKlueed  by  (htj  actiol 

I  of  rnlm  I'  <i  thv  tt'troxide  in  presence  of  alkalies.     Tim 

vdt,  K,<>.<  is  a  nwi*-i<fdor**d  erysiAlline  powder. 

Till'  trli'-»i',  ' '  "4,  iMmmonly  i*all*'d   hwh/i-  nnd,  is    the  volatile,  stron] 
snii'lllng  Miminiuhtl,  fnrme*!  when  oMniinnt  or  I'ither  of  it»  lower  oxidt« 
himtod  III  !li«  sir,  or  iniit<ii  with  nltrii*  or  ni(ro-murt.\liu  a«  iii.     ll  may 
pri'piirr*!  by  hoAtin^  oiniiiMm  in  a  tumnl  of  oxygen  gas,  aiid  wndenses 
Ihe  ooot  part  of  the  ap|>AratuB  in  rolorlfss,  transparent  cryslala.     It 
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Fermentation  and  p»utrt*fa<'li(tn  aro  always  accompaninl  by  the  dvrelop- 
nifUt  of  certaiu  liriii^  or^auifeius  of  tin*  fun^uui^  i'Iaak  ;  but  wlu'thi-r  tliu 
growth  of  thefie  U  a  cauxM?  or  a  udjhihjUi'Iuh  t>f  tlu!  clu-micxil  i'UiLiigt<  in  a 
point  not  yet  di^cided.  We  shall  return  to  tliia  sut>j«H*l  in  spvakiiig  of  thi) 
fcniu'ntalion  of  e>tij;ar. 

3.  Anitfti  Iff  Vhlorinf,  Bromine,  atui  /<*/('«<■.— Chlorine  and  hrohtint^  i«x«'rl 
prcH:isfly  similar  iictiuns  ou  irr^aMJc  builk)9i ;  Uial  uf  ulUuHntt  b  the  muru 
energr>ttv  nf  thf  tiro.     Tbn  rfadinti*)  cxtnrtii^t  : 

«.  la  Bimple  ailditiou  of  uhlorint*  or  broiuino  to  the  organic  molcoulo; 

€.  V-  .- 

C^n^i)^  -f  Br,  =»  C.H.Br.n 
Fumitrio  Dlbromoiucouilo 

acid,  aoiU. 

0.  In  D'tnoTal  of  hydrogen  without  Bulwtitution  : 

Cjll/)  +  CI,  =  2Hri  4-  fjH^O 
Aloobol.  Aldehyde. 

y.     In  suhatitutioQ  of  chlorluo  or  bmmitie  for  h/drogun : 

C,H,0,  -h  fl,  =  UCl  +  C,l!,CIO 
Aeetio  OilurAceiU 

a«ld.  nciil. 

c,n,o,  4-  3a^  =  snci  -f-  c,iui,rt, 

Ac«tko  Triehloracrlia 

acid.  acid. 

Thtf  eabstitation-prodnoU  thus  fortne<l  nnderpo  transfomiaiions  closely 
analogoaa  tu  thocM*  of  the  original  compounds,  under  the  iulluenct*  of  nimi- 
Lar  reagents :  but  tht*y  ar«  always  more  acid,  or  less  boftyhiui,  in  pru|Mirttou 
to  the  quantity  of  eblorino  or  brf>min«f  sulimtitutitd  for  hydrop*ii.  Thus 
aniline^  r,H,N,  which  in  a  btrong  ba-se,  may  1ms  couvfrl^.**!,  by  pror^'Htto  to 
hn  hereafter  d<»crib*^,  into  the  chlorinated  eumiiouuds.  C^H^ON,  ('«ll^(.*ip(, 
and  CfU,L'l,\,  tli-*  firuX  and  i^tM^tnil  of  which  ore  le&tf  linsic  than  aniline 
iUtdf,  whil*-  xh*'  third  dr^v  not  «li»w  any  t<>ndenev  to  form  aalta  with  acid*. 

}.  In  pnAvt>oe  of  vkter  they  remorc  the  hjrdrogen  of  tliat  liquid,  and 
set  fr««  the  oxygens  besfeo«,  dilorine-water  and  brouiine-water  aet  u 
powerful  oxidiniBi^  a$>;ut«. 

ifnimt  tea/  al*o  a«t  in  tlus  Hianiicr  m  «n  oxidizing  M^enX :  and  it  iodi*- 
Xxtmrn  altacbea  Ktadf  dlroctl/  to  on^MliA  moleculeii ;  but  it  n««rer  acts  dirif :ilj 
hf  sabiiUvtkV'     lodt**  ■«*'-  ■■    '.     xa  may.  hnwerrr,  W  ohuinoil 

inaooMeaMS  fcjr  traatlt  nr(  idoridn  of  iodine,  the  ohlorine 

tlMtt  nnorlac  b^tin^va,  aud  t»^  »--^ii*--  i^^ui^  it«  |>la<%. 

4.  AiOim  mf  y^rie  JhtL—Jh)/k  acid  ac4a  rery  poverfoU/  Mi  organic  inb- 
stoneea.     Tbe  actMi  tea/  W  of  thrve  lun4a : 

a.  OinA  f—htaffcwi,  ■•  witli  orpuue  tm»m  ;  «^.  / 

f',ll^    +     !SO,H    V    C.H,5.?CO,H 
aXitatc 


A  Osldatfatt.    t^to  awAa  «r  ndSoB  ia  mM  Umtj^taXif  oha«rT«d  wlUi  Um 
9^  g«lMlitiHi*o  «r  ailrrl  (SO^  lor  fa/drq^ea;  c^w 

IflfiiifcwMir 
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CHEMISTRY  OP  OARBOX  COMPOUXDS 

OR 

ORGANIC  CHEMISTRY. 


INTUODITCTION. 

Tmr  torra   ''Organic  Chcmistrjf"  orijfiiially  denoted  the  cbemistrr  n^ 
c-<nuiM)Uiidit  foriueil    in    th^    iMnliea   of  pUul.n   und   auinuiU.      Tiiu  pci'ulij 
L'harnoU'rfi  uf'tliH  ooropiruiids   tliiiB  furuiod.  nnd   thtf  failurt*  or  the  t*«rti 
atluiupttf  to  pnxlucu  theui  hy  nrlillciiit  nieaiia,  U'd   to  tlu*  i^rrciniH^us   iili 
that  tiii'ir  formation  was   duD  lo  n  mystiTioiis  power,  culli'd  "vital  fur* 
Puppos*Hi  lo  rcsido  in  tin?  livhifr  orguiiiMm,  aiul  to  gnvftn  all  the  ohanji 
and  priMjfHaL'S  tuking  jtloco  within  it.     In  atcorilanof  with   this  i«h*a,  il 
chumiBtry  of  nrganiu  couipuundii,  iuuludiug  ihodi*  which  vhtv  foruii^ 
artificial  procL'saiss  from  tho   prcKiuLt»  uf  vi't^i'tublt)  and  auiiuiil  life,  wi 
oreuUd  iutu  a  hiwoinl  branch  of  chtnuical  scienue. 

Lator  n-s«arclujs  havo,  lioweviT,  shown  that  a  large  number  of 
poandtt,  fftnut'tly  rvgardod  an  prtxiucihlo  only  uudur  thi?  intlut'nw  of  ll 
soKsalltfd  vilJiI  forct»,  may  Iw  forni«d  <*ltht;r  by  direct  couibinutiou  of  th* 
elementa,  or  by  chemical  transfunuation  of  iiiurgnnic  coiupoundb. 

The  firvt  Ht<*p  iu  the  furmatiuu  of  organic  mu4>ounds  Iri^ui  tlitAr  t;1t<U]<>t 
waa  made  by  Wbhler,  who  Hhowi*d,  in  1828,  that  urua.  iho  chariMTt(.*ri!«1 
oousttiuvnt  of  urine,  <'an  he  produced  by  nitdtwular  traiiafi>rmatinu  of 
raonium  oyanate.     Thiii   exporiiuent,  viewed  in  connection  with    the   f;i 
t'slabli.sheti  about  twelvo  years  afterwards,  that  cyanogen  (C>')  can 
formed  by  dirt-rl  ooiubiuatiou  of  ItH  eleinout«,  is  otmclustve  of  the  p« 
billty  of  formiii;;;  a  prodnol  nf  the  living  organifnn  from  inorganic  material 
More  rwently  U  has  been  shown  that  eihine,  or  acetylene,  CjHj,  can 
pnviueed  by  tho  iHreul  eninbinatinn  of  carN^n  and    hydrogen  ;   that   thj 
rom^mnnd  i-an   be   made  to  take  np  twn  additional  ntonis  of  bydntgen 
form  ethene,  C,H^;  and  tltat  thiti  Utter  compound  can  In?  converted  int 
alcohol,  r,H,<),  a  Iwdy  fdrmerly  HupiMi!*ed  In  l>o  producible  only  hv  the  ft., 
mentation  of  sugar;  an<l  from  this  a  large  nnin1>er  of  other  crtnipniuK 
can   be  prtnluced   by  the  action  of  varioua  reagent».     The  researches 
B*>rtholet,  Koltw,  Wurtz,  and  other  difltin^uished  clieniiftta,  have  Ifl  to  th 
d  18 00 very  of  a  large  number  of  other  cast's  of  the  formation  of  orgai 
compounds,  ofl«n  of  grent  complexity,  fr^»m  ituliMtancm  of  purely  niim^ri 
origin,  and  ultimat^dy  from  the  etcntentit  themsclrefl.      The  division 
oompimiids  Into  lwi»  dititinet  brnjiehe^,  inorganic  and  organic — fonni^l  ui 
cording  to  distinet  Uws,  the  former  1>fing  artificially  pn^tdiUMbtc  hv  din»^ 
combination  of  their  elements,  th«  lalitT  only  under  th*'  inllncrire  nf 
Bupposi^d  vital  force — niuat  therefore  be  nliaiidoned.    There  Is,  ind**f<i],  bul 
(  4iin ) 
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Bcienoe  of  chemUtry,  of  which  the  studjr  of  the  eonipouiidB  oAlled  or- 
lic  forms  a  pArt. 

Organic  chemistry  is  in  fact  the  chemiBtry  of  oarbon-compooDds,  and,  in 
strictly  systeuatic  arrunf^t'Dit'iit,  tltcsocumpoutida  ettiould  Iw  dt'i>criL>ud  ui 
ooniioction  with  tht>  eluiur'iit  carbun  itsflf.  But  tht*  compounds  Into  which 
ojirlmn  tfnt4*r8  aru  su  numuruus,  their  CDUulitiitluii  and  thi^  tranaformntiuna 
which  they  undergo  under  the  inllnenutjof  heat  and  of  oheiuiual  reagents 
arf%  in  many  instancca,  so  oompliciated.  that  it  is  fuund  best,  for  th^  pur- 
putfus  of  instruction,  to  defer  their  connideration  till  the  othur  vlemeuta  and 
their  compounds  hnv«  t>een  studied. 

It  is  important,  in  this  place,  to  mark  the  distinction  betweim  organic 
compounds  and  or);anized  l>odio8.  Organic  bodies,  such  as  uiarah 
gas,  ethene,  bt>nzcne,  alcohol,  sugar,  morphine,  etc.,  are  deflnile  chemical 
oompoundn,  many  of  which,  as  already  obHervcd,  may  lie  forme*!  by  arti- 
flclal  niMhods  ;  thofle  which  nrettolid  can,  for  the  mot«t  part,  be  cryittalliied; 
those  which  are  liquid  exhibit  constant  l>oiling  points.  Organized  bodiee, 
on  the  C4mtrary,  always  contiiHt  of  nuxtures  of  aercral  definite  tx^mpoatids. 
They  never  cryrttallize,  but  exhibit  a  fibrous  or  cellular  structure,  and 
cannot  be  reduced  to  the  liquid  or  gaseous  stato  without  complete  dooom- 
poattitm.  Lastly,  they  are  organs,  or  parts  of  organs,  which  are  essentially 
pmduets  of  vitality,  and  there  Is  not  the  slighteal  prospect  of  their  over 
fijeing  produce*!  by  artitleial  moans. 

The  study  of  the  omjiosilion  and  ohemiral  relations  of  organized  bodies 
belongs  to  a  si>i>cial  department  of  the  sci>3nce  called  **  Physiological  Chem- 
istry,'* which  bears  the  name  relation  to  Orgonio  Chemistry  thai  Chemical 
Geology  boors  to  Mineralogy. 
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with  which  they  deoompose  under  the  influence  of  boat  or  of  chemicjil  re- 
agetitii-,    the  more  complex    tliu   budy,   the   more    easily  does   it   undergo 
_^^ocompo»itian  or  transformaXiun. 

^■^  1.  Action  of  lUat. — Organic  Iwdics  of  simple  constitution  and  of  some 

^^fwmanence,  but  not  capable  of  subliming  unehangt-d,  like  many  of  the 

organic  acids,  yield,  when  oxposinl  to  a  high  but  regulated  toinperature, 

in  a  retort,  new  compounds,  p«'rfectly  deflnite  and  often  cryslaltizable, 

tbich  partake,  to  a  C4'rtnin  extent,  of  the  properties  of  the  original  aub- 

toe.     Carbon  dioxide  and  water  are  often  eliminated  under  these  oir- 

irastancus.     If  the  hent  l>e  suddenly  raUed  ti>  redoetis,  the  regularity  nf 

decomposition  vanishes,  while  the  prixlucts  beoome  more  Ducerlaiii 

id  more  numeruuH  ;  carlron  dioxide  and  watery  vapor  are  saooeeded  Ity 

iHamuiable  g.ui'ft,  as  carbon  monoxide  and   hydrocarbons  ;' oily  matter 

id  tar  distil  over,  and  increase  in  quantity  until  the  close  uf  the  o|x!ra- 

in,  when  the  ret»»rt  is  found  to  contain,  in  most  cases,  a  residae  of  char- 

il.      Such  is  r/ry  or  tUjtrurtirf.  tiuttiiintttm. 

If  the  organic  subittanoe  wntain-i  nitrogen,  and  It  is  not  of  a  kinil  onpa- 

le  of  talking  a  new   and   permanent  forui  at  a  mofleraU*   degree  of  heat, 

■n  that  nitrogfn  is  in  most  instances  partly  disengiig'**!  in  the  s^hape  of 

amrauuia,  or  sulfstauces  analogous   to  it,  jiartly  left  in  eombin.atlon  with 

the  cnrhonaciTaii  matter  in  the  distillatory  v<«sel.     The  products  of 

distillation  thus  become  still  more  onmplicated. 


DEOOMPOBITTOlfS   AlfU    tJtAffSrORMATtOXS 


A  much  crmtor  Jrgnw  of  r*»gnlaritjr  in  nlMerr*^!  in  th*»  effi-rt?.  of 
llxucl  orgiiiiii^  mutltMs,  when  tlteac  ar«  preriuusly  mixed  with  an  ttX<^4 
strong;  atknlinf  hti»*u  am  )>ntAsli  or  June.  In  *m.*lj  f'jLeti.>s  an  acid.  Ui*  tut 
of  wliirli  \6  '>1]|..>|K'  lU'pi'ri'lent  li|x>ii  tlio  t<>iiipf'r.itiire  a|>plit*<i.  u  iirralt 
luiil  rouiiiiim  iu  uuiua  with  tho  luiH*',  th>*  ri'^itluul  ^-It'iiw'nt  or  «lf 
iTficapiiig  in  aomu  votatilti  form.  Thu»  U'liz^ur  acid  diMilliHl  wiib 
Uydratv,  at  a  dull  rod  heal,  yielfls  oalcium  e&rbunatt'  nml  ben^cun 
dbrt<  »uil  itAuslio  potash,  livatod  to  a  wry  iu(xJi*ralH  tenipcrature,  rii^d  tm 
iiydro^oii,  aud  a  bruwn.  smuowhat  indetiuitt)  HiilMtaniv  r-;dled  V/nik«i^; 
with  a  high.-r  dc«r»'t'  of  h«at,  oxaliL-  acid  apiHN-irs  in  U»v  i>]»cv  of  the  utr 
Aittl,  at  tilt*  lem|K-ratiit-u  of  if^iitioUf  carbon  dioxidu,  li>*dmgeii  bein^ 
uthor  ftriNluct. 

2.  Aciiun  of  Ortffjrtt. — Oxyjjcn,  nitljor  froK  or  in  thp  naMrrnt  «ta»o, 
which  latt«*r  comliliun  it  i:i  uioitt  active,  luay  act  on  orgauic  compooadsl 
four  dilfcrxnt  ways  : — 

a.  By  Hiuiplti  aildiltt>u,  as 

Alilchyde.  Acetic  acid. 

6.  by  ttimply  removing  hydrogen : 

c,n.a  +  o  =  H,o  +  c,n,o 

Alcohol,  AUfohyde. 

y.  By  removing  hydrogpn  and  taking  its  place,  2  atoms  of  hrdrogcn 
being  replaced  by  on«  of  nxygon  ,  r.  tj. : 

C^ILO  +  Of  »  iijO  +  ^i^S*, 
AIouKqI.  Aoctlc  acid. 

t.  By  roTDoring  both  carbon  and  hydrogen.     In  this  ntanuer  oomplfOl 

organic  bodies  cttntaining  larg*?  numbers  of  carbon  and  hy<lrngt«n  atrnu 
are  rwluL-ftl  to  others  of  simpler  t-oiuititution.  aud  nltiuuttely  thu  r&rlott 
and  hytlrogen  arc  wholly  converted  into  carbon  dioxide  at)d  water, 
trogun,  ehlorine,  bromine,  and  iodine,  if  present,  are  at  the  s.ttne  ti 
di(f«*ngn^iMl,  for  tlie  most  part  in  the  free  state,  and  ttiilphur  is  oxidizid. 
MoUt  urganio  suhstance-s,  e,spt:oially  tho»e  containing  nitrogen,  uodvi 
when  exptwed  lo  the  air,  a  slow  prcHrtKis  of  oxidation,  by  which  th«  organi 
matter  i.s  gra^lually  burned  aud  destroyed  witliout  tfensibl«  eleratlon 
temperatun^:  this  procetiii  is  called  />«(-<jv,  or  Errmamuxisi,  rioaely  e 
nw!lcd  willi  lliis  ehango  are  thoKe  cnlkil  ttrmrntation  nud  l^trfjttviivn,  «i 
aisting  in  n  new  arrangement  of  the  element?*  of  the  I'omiioiind  ('irten  wi 
a^fiiiuitnlion  of  the  elements  of  water),  and  the  consequent  foruuition 
now  products.  The  change  is  called  pftlrrjactiun^  wh«'n  it  ia  aeeowpani 
by  an  olfenHiTO  odor  ;  ftrmmUUinn,  when  noHiieh  oiior  ia  evolvnl,  and  esj 
eially  if  tho  change  rei^ultK  in  the  formation  of  nseful  prmluctji .  thu« 
din^omiHMttinn  of  a  rlead  bo<ly,  or  of  blood  or  urine,  is  piitrtrfaotion 
that  of  grap*'-jnice  or  mall-wort,  whirh  yields  ah-ultnl,  is  femientat 
I'ntreraotion  and  fermentation  are  not  process*^  of  uxidation  ;  neverthi 
tend,  the  presence  of  oxygen  appears  to  bo  imlispen^Able  to  lhi*ir  cutQ' 
menoement ;  but  the  change,  when  once  b<>gnn,  procuotis  without  the  aid 
of  any  other  suhtttanc^  ext4*rna1  to  the  decomposing  I>iwly,  unli»sB  it 
water  or  its  element-*.  Kvery  cawe  of  putrefaetiuii  thus  In-ginB  with  deca: 
and  If  the  decay,  or  it«  cause,  namoly,  the  alworptum  of  oxygen,  Iw  p 
vent(d,  no  putrefaction  occurs.  Thu  most  putrc^enble  fiuhMt&ne<^,  a«  mJlIt 
highly  axotizo<l  vegetaUK*.  and  animal  Ih^h  int»ndi»d  for  food,  may  1m 
preHerv(*d  indefinitely,  by  incUwure  in  metallit!  caa<ts  from  which  Ihi 
had  U'on  foMpifiirlff  removei)  and  exebubMl, 
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To  collect  the  water  produced  in  the  expffriioent,  a  small  light  tubo  uf 
the  form  i'epr««enttf(i  in  tig.  itt'2,  or  a  U-IuImt,  as  in  fig.  lt>.^,  fllleil  with  fmg- 
ments  of  spongy  cali'itun  chloride,  Is  attached  by  a  jMrrforatwl  wirk,  Ihor- 
ouglily  dried,  to  the  opou  vxlremitj  uf  the  cumbuBtiun-LuLw.     Thu  carbon 

Fig.  lei. 


.^d£M^^M:i^Md) 


loxid^ii*  abuorbed  by  a  solution  of  canatic  potash,  of  spoclflo  gravity  1.27, 

'hich  ifl  containe<l  in  aRtnall  glass  apparatns  on  the  principle  of  a  Woulfu'a 

bottle,  shown  iu  fig.  1(}3.     The  oonneotian  botween  the  latter  and  the  cal- 

Flg.  lus. 


riff  103. 


cfnm-ohlorldo  tnbe  is  complctod  by  a  little  tabe  of  caontchono,  secured 
with  silk  ourd.     The  wUolo  ia  ahown  iu  fig.  104,  aa  arrungod  for  aau. 

Flff.  IM. 


Drawing  of  the  whole  arrangemeDK 


The  ti^htTi(*M  of  the  junctions  may  }>«•  ft.<*r>»rtainf»d  by  slightly  rarefying 
the  includt^  air  by  sacking  a  few  bubbicrt  fnjm  the  interior  through  the 
liquid,  using  tb«  dry  Ii]t»,  ur,  btftter,  a  littlo  Ih-nt  tube  with  a.  pfrforatfHl 
cork  ;  if  the  difference  of  lere*!  in  the  liquid  in  the  two  limba  of  the  p^)t,'i.*}i 
apparatus  be  preserved  for  several  rainntcs,  tlio  joints  are  perfoct.  Jied- 
hot  charcoal  la  now  placed  an>und  the  anterior  jwrtion  of  tlu*  eomlmjftion- 
tnbe,  containing  the  pur«i  oxide  of  coppiT ;  and  when  this  is  r^d-hot,  tlie 
fire  is  Hlowly  extend(*d  towards  thR  farlhur  extremity  by  Hhifling  the  raov- 
abl«  screen  repre»enl»-Kl  in  the  drawing.  The  experiment  mnst  be  so  emi- 
duetM,  that  a  uniform  Rln'am  of  onri>on  dioxide  shnil  ent'*r  the  potash- 
Apparatufl  by  bobbles  which  may  be  easily'  counteri ;  wh«n  no  nitrogen  is 
present,  these  bubbles  are,  towards  the  termination  ^rimt:T\t^ 
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aluovt  oompli'tcly  alworbod  by  the  alkaline  liqaid^  the  lilUo  residue  of  ait 
alone  escaping.     In  tbw  caae  n{  au  oiuliitnl  body,  on  the  contr4ix.v,  l«ub| 
of  nitrogen  gas  pans  throagh  tht>  [Mita.sli-rtolutkiij  during  the  wIioIh  p 

^Vheo  the  tabu  has  beon  cuui)d(<tiily  hoattnl  from  tiud  to  end,  an4 
mon-  fffia  is  disiMigagtrJ,  hut,  mi  iho  othtr  band,  absorption  beR^ins  to] 
evident,  the  ooals  ari>  removud  frum  thu  fnrtheHt  rxtrciait y  of  tin;  cdhiI 
tion-tube,  and  the  jM^int  of  the  lattvr  broken  otT.     A  liltlu  air  is  dn 
throagh  the  wholi^  apparatnti,  by  vrhiuh  the  remaining  carbon  dioxide 
watery  vapor  are  eeuured.     Thu  parta  are,  lastly,  detached,  and  the 
oiura<chloridc  tube  and  potash-apparatus  re-vrrighed. 

The  mode  of  heating  the  combu8tion-tub4<  with  red-hot  charcoal  is 
original  process,  and  ia  still  employed  wHith  gas  in  iu>t  available. 
since  the  use  of  coal  gas  has  bt'en   uniVHrnally  aduptrd  in  labnratoi 
many  oontrivonecs  have  been  suggested,  by  meaua  of  which  this  ol 
nient  fuel  may  be  employed  aUo  inorganic  analysts.     An  apparati 
this  kind*  ia  the  one  rfprvsented  In  tig.  lt>5,  in  which  the  cumbustion' 


Is  heated  by  a  Bcriea  of  p<'rforated  clay-burnors.     These  clay-hnk  m-t. 
flxed  on  pipes  provided  with  stopcocks,  so  that  the  gas  may  be  liglUcd 


Fig.  IM. 


Fig.  IftT 


conling  to  tin;  i.  ,u::   aa;utj(  of  Llin  ejkae.     The  stopcocks  being  approi 
alely  adjusted,  Lho  gas  burns  on  the  Burfaoe  of  the  bumera  with  a  smc 
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lae  flami*,  which  rendcra  them  in  a  short  tim«  liicaiidt>8c«iit.  Th« 
cv;n&truvtiuii  of  thin  furnoL-t'  ia  rvailily  intt-'IligiUe  by  a  g:lnni^e  at  Hguu-a 
ItiH  nuit  1H7,  which  i<x)iihii  Uif  liiiriTunl  parin  of  tUu  apparatus  in  flvciinn, 
6g.  lt>6  rcpres^uting  a  lAr>;ii  furnacv  with  Hve  rows,  and  fig.  1(57  a  BUiallur 
furnace  with  thnt-  rows  of  elay-burners. 

Gaa-famacHS  of  Htmpler  fuiiMi ruction,  in  which  the  oombuatlon-tube  is 
hi'at^l  by  a  row  of  Uunsfn  lmriifr$,  are  nUo  much  us«h1.  Such  a  fumatM 
is  that  of  vou  Babo,  rfpri':jenttHl  in  fiR.  liii». 

Tlif*  following  account  of  a  real  expfriiiirtit  will  servo  to  ilUiHtratci  lh« 
caluulation  of  tho  reault  obtained  in  the  combustion  of  crystallized  Bugar  : 


^^  caiuii 

H  Water 2.72 

^"       7.31  pr.  rartton  dioxtrh!  ^  1.994  gr.  i»nrljon  :  and  2.7.'i  gr.  water  ^ 
gr.  hydrogen  ;  or  in  llHt  parts  of  augur,* 

CarlKin 4l.J)8 

l!yiin.p'n 6.43 

Oxygen,  by  difference 01.30 


Quantity  of  Ku^ar  employed 
Potash-apparatus  wi.>ighed  aflvr  expi'riiuent 
'*  "        before  experiment 

Carbon  dioxide  .        .        . 

Caldtiin-ohlorlde  tube  Rfti»r  expprtniont     . 
'*  before  uxpLTiment    . 


4. 7 SO  graius, 

7ei.ia 

773.  fi2 

7.31 

22t;.»'3 


0.3050 


Flc.  Its- 


100.000 
When  the  orgnnic  iin1»stanoe  cannot  be  mixod  with  tin*  oopprr  oxid#»  in 

lh«  manner  df^rril>tt<l,  tlio  process  muMl  In>  ntixlilied.     If,  fur  examplr,  a 

TolaLilo  liquid  is  to  lM*exauiineil,  It  is  int'hwed  in 

a  little  glass  bulb  with  a  narrow  ntviu,  which  is 

Wfightid  before  and  after  the  inlrodurlion  of  the 

Iii|uid,  the  point    bi'iug   lu'rnii-timlly  ii>*alt<d.     A 

little  fopp^r  oxide  is   put   iiiln   tho  conibnution- 

tnl»**,  thru  the  bulb,  with  its  stem  broken  at  a,  a 

illf-ftoratr'h  having   luM^n   previously  made  ;   and, 

liustly,  the  tul»e  is  Oiled  with  the  oold  and  dry 

oopfwr  oxid«.     It  is  arrang***!  iu  the  furnace,  tlio 

calcium-chloride  tulw  and  p<iiaAh  apparatus  ad- 
justed, and   th(!n  sonm  (>  or  8  Inches  of  oxidt- 

having  bHoii  lu*iiti*d  to  ri'dnwa,  tho  liquid  in  the 

bulb  is,  liv  tho  approximation  of  a  lint  txml,  vx- 

pt'iled,  and  slowly  c<inviTt«ni  Into  vajKir,  whieh, 

in    parsing   over    the    hot    oxide,    is    cnuqilfifly 

burned.     The  experiment  is  then  t^'rnunntiHl  iu  the  nsual  manner.    Fatty 

and  waxy  sul)8tanc<>s,  and  volatile  aolld  bodies,  as  camphor,  are  placed  in 

litlh*  boats  of  glaM.4  or  pintinnm. 

Copper  oxide  whfeh  has  been  nsed,  may  bo  eaaily  restored  by  moisten- 
ing with   nitrio  arid,  and   igniting   lo  r^-ilness  ;   tt  be^'diues,  in  fact,  rnther 

Improved  than  othi?rwise,  as,  after  frequent  cmplnyinent,  its  duublty  is 

►  The  thenret  leal  eompaaltlnn  of  sugar,  CisH^Oa,  reckoned  to  100  p»rlH,  gives— 

CMftion 42.11 

HyiltoKvn i>43 

OxyKCD &I.4I1 
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increiued,  and  Its  troublt*AOine  h^rg^roftonpio  powpn  diminifllml.  For  «i 
stances  which  arc  very  diffirult  of  uonibuBtioii,  from  the  laf^*»  proporii 
of  curlxiii  Ihvy  uuntaiu,  unil  fi)r  uohjj^hiuiuIj*  into  which  eliloriue  (.'Uttrm 
A  cuii^titiiiMU,  fusi^l  And  |H>wdi'rL-d  lead  cLmmuto  may  }*v  substitii(4-d 
the  L'ojijwr  oxide,  aa  it  freely  ^iv*^  up  ojcy^en  to  cirinbristibk*  inntter^,  ai 
oven  ovolrra,  when  strongly  lieat'Ml,  a  little  of  that  gas,  which  thua  insui 
the  perfect  combustion  of  the  organic  body, 

Lifad  cltromate  is,  howevor,  troubleflonie  to  prepare,  and  always  desti 
-  tho  glass  lul>es.  A  more  <K)nv»iii(>lit  methtxl  of  Infliirinf^  theooiiipU*u?  ixii 
bustion  of  sulxttanct's  which  hum  with  difitcully  in  loOniHh  theuunibtii(tK 
in  a  Htrcam  of  oxygen.  This  may  be  elfecttNl  cither  by  placing  a  mat 
quantity  of  fuiioj  jxttas.siuia  clilorato  at  the  closed  end  of  the  combustion' 
tuliu,  or  hy  etmiiuctin^  thu  tul*e  uitli  a  ^aH-holiler  contaiuinx  oxygvn  gas. 
The  latter  method  in  to  he  preferred,  as  it  enablea  the  operator  to  reg^ulat« 
the  ptrenm  of  gas  at  his  pleasuri*,  whereas  the  Ignition  of  potassium  chlo- 
rate is  apt  to  gi%-e  rise  to  a  rnpid  evolution  of  gas,  which  may  force  a  por- 
tion of  lii|iiid  out  of  tho  potash-huUis  and  render  the  analysis  wurthlr^s. 

A  ft>rni  of  apparatu.H  for  supplying  a  stream  of  oxygen  is  representtMl 
flguro  IGfl.      The  ci>ml>u»tinn-tulM>   la  open  at    tmth  endfl.   and    the    oi 
farthcRt  from  the  potaBlt-biiUiS    and  caU-ium-chloride  IlUm  ifi  coDnecti 
wiUi  two  gaii-holders,  one  filled  with  air,  the  other  with  oxygen  gaa,    T] 


Tif.  109. 


communit-ntioii   i^   iu-.M.-   i>\   im.iii-.  oi   ..    r-tnl>e  provided  with  a  s( 
so  that  either  gati-holder  may  be  conm.'cted  with  the  combustion-tuU] 
the  utli«r  shut  off  at  the  same  time.     The  air  and  gxygen,  before  entMri 
th«  (y)mbustioa-labu,  are  made  to  p;Lj3  tlirough  two  L*-tabt«,  one  oontaini 
lumps  of  pumice  soaki'd  in  sulphuric  acid  in  dry  the  gas,  the  other  oont 
ing  lurnp^  of  catistie  fK>tnsli  to  free  it  from  carbonic  acid. 

The  anubuation-tube  may  1»ti  healed  either  with  gas  or  with 
(the  figure  repretienls  a  Balni's  gn.'t  apparutu^),  and  the  mixiurv  mmj 
diHjMwe'l  iu  th(-'  tub**  in  thi*  way  aljove  deHcrilM-d— iir  l»etter,  in  th«  cam 
dilficulily  oombu.stible  IhmIii'S — tlte  siiUitnuce  may  be  x>Uood  by  itaclf  i 
fimall  tio.'tt  of  pUtiiuim  ur  {K>rL-elain.  Iu  this  case,  the  ci.>nibu»tion-labe 
first  tilled  to  two-thirds  of  its  length  with  copper  oxide,  which  hpikI  not 
previously  ignited,  the  remaining  third,  noariMt  to  the  gas-holder,  bet 
left  free  Ut  n'ceive  the  boat.  It  is  then  laid  in  the  furnace,  and  conn 
in  the  manner  just  descrilied  with  the  gas-hoWer  containing  atmoaphf* 
air;  the  copp«T  oxide  ii»  }uated  to  redn):fi«ri;  and  a  stream  of  dry 
paaswi  through  the  tube  so  ns  to  ri-uinvf  every  trace  of  mniKlnro, 
tutte  is  th«m  left  to  eool ;  the  liout  eontuiniiig  the  ttnlMitatice  is  ititrodn 
a  plug  of  recently  ignitinl  a.slN>sii(«  I. nit.-  in-.n  tT-viniialy  ttilrodue<>4| 
pri'vent  the  (.M»p|M'r  oxide  from  '*«n  » ilh  it  ;  tbo  chIciu 

chloride  tulm  and  potash-bulljs  arr  usual  manner;  and 

tube  is  ooiui«ctdd  with  the  gas-holder  cuuLauiiug  oxygvo.     The  a>p; 
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oxide  fa  now  onco  tnoiv  hoAUnI  to  ri^dnniH,  and  an  sfNin  as  it  Is  thoroughly 
ii;ait4*(J,  hi-ui  is  vt-ry  ttjiutiniDilj^  Appli(<<l  to  Ihv  part  nf  lUu  tiilwf  cuiUaiuiiig 
ihii  IkiaI,  II  ftlow  Hlnwin  of  ux^'j^l-ii   lH.'iiig  jxuhiiI  thntii^h   th«>  ]i|>[tar«tiis, 

~  ivat  tu  prMvcnl  iiny  tmckwartl  pmutUf^u  uf  the  gariett.  but  un\  Xo  cause 
free  ox/j;«ii  to  pUftp  thniugb  tlu*  nulutitm  or  iMtuih.  If  the  cxidv  of 
''popper  exhiUla  &  retl  iMihir,  iudiealing  ri.tlui-tion.  IIil*  heating  of  theBul>- 
fltanov  in  tho  boat  Iuu^t  U*  di»(.xiutiuueU  till  th«  txippvr  tit  r«vixi<lixi<d. 
When  At  ItiUgth  ih>:T%.'  i»  nothing  li* ft  of  the  organic  audslaucv  but  Mark 
sharcnaJ,  tb«  httat  iuajt  \tv  incrvaaed  and  the  ^trfam  of  oxygtMi  ace«*lfrati*fj. 
In  thi«  manner  \hv>  i'«imhu»titti)  la  iukmi  coiupU'ti**!,  anti  vrht'ii  th**  buhbh>s 
of  gavappi'ar  tu  paait  thruugb  tb«  potash  without  al>sorptioii,  thr  priK-*>H9 
ia  cuutiiiuotl  ill  the  •tame  manner  for  u  fvw  luinulm  ktiigcr,  aiul  tttn  polMHh 
balbs  ami  cahium-L-hluritle  tubn  am  th«>n  ilftachiHl,  after  air  has  beun 
paased  through  th**  apparatus  for  a  little  timu  to  dinplaue  the  oxygen. 
Lastly,  the  utreaiu  of  tiir  i«  ivnitiniicil  for  a  «uf9^Jent  time  to  effect  the  com- 
plete reoxldatlou  of  the  cu]tptrr,  whioh  ia  theu  ready,  without  further 
preparatioD,  for  anothtir  ux|>eriuieiit. 

After  the  tuU<^  has  rrxiliHl,  the  boat  ia  taken  out  and  re-wi>ighed.  If  any 
InorgAnio  matt^'r  remaiQfi  in  it  (aa  In  tho  case  of  a  itali)  the  quantity  of 
ibis  ta  at  once  aacvrtaiued,  if  the  weight  of  the  boat  ita«lf  is  proviooaly 
known. 

■  As  llie'  ntreatn  of  hot  gaa  ih  likely  to  carry  vajwr  of  water  with  it  In 
paasiug  lhroii;ii;li  Iho  {iotaiih-bulL>s,  wh*'iic<-  Iin^ii  oI  w>>j^ht  would  i<ii!4ue,  a 
■Pi>ond  eaktum-eliloridi!  tul>4^  in  AUfK-he<l  to  the  {MnlAHh-hulbg.  nfl  Hhown  in 
the  (igiirft,  to  arrxl  any  watt'r-vui»or  IhuH  carried  over.  Thia  lube  is 
Weigheil,  together  with  the  pota.sh-bull'11,  before  and  /ifter  the  exiH*riment. 

The  method  )uHt  dedL-ril)ed  is  capalde  of  giving  T*ry  exact  reitult«  ;  it 
Inaures  the  complete  eoiuhtiKtion  of  the  carlwn,  and  oliviatei*  nil  danger  of 
an  exoe«s  of  hydrogen  nriKing  from  moisture  in  the  copper  oxide.  It  likfv 
wisvsam  the  truublo  of  Igniting  thia  oxide  before  the  experiment  and 
afterwards  trefklih^'  it  with  nilrio  acid.  But  to  insure  a  good  rtmnlt  e»po- 
ciul  <-ur>*mit-4i  )>•>  l-tkeu  not  to  hent  the  anlMlaiiee  In  the  boat  tooauddenly  ; 
otherwise  couibuatiblt;  gaHe«  will  itv  givtiu  otT  fauter  thau  they  can  bv  burnt, 
and  the  analyfti«  will  \m  worihliHiA. 

AnatyitiH  of  Atntixrtt  SutjMtonrrg. — The  pmenoB  of  nitrogen  in  an  organlo 
compound  ia  eaaily  a^certninod  by  lieatlitg  a  amall  portion  with  aolid 
potaaaiom  liydrate  in  a  t4«t-tnbe  :  Ihw  nitrogen,  if  prentMit,  ia  oonrerted 
into  ammonia,  which  may  Ik>  recognized  by  its  odor  and  alkaline  reaction. 

lu  determining  llie  carbon  and  hydrogen  in  aucb  Ixnties,  by  combustion 
with  copper  oxide,  as  alxtve  deHcribed,  a  longer  tuK*  than  uHual  muHt  bo 
employed,  and  4  or  (5  iiirhea  of  its  anterior  jmrlion  tilled  with  tTopp«*r- 
turnings  rendennl  jM-rft^tly  metallic  iiy  ignition  in  hydrogen.  Thia  serves 
to  dt'^impoj**)  any  nitrogen  oxides  formed  in  the  process  of  combufction, 
which,  if  suffered  to  p:iKS  off  undeciiuix^ed,  would  be  abaorlted  by  the 
potash  and  vitiate  the  determination  of  the  carbon. 

The  nitrogen  may  In;  ei*limntt*d  either  by  wmverting  it  into  ammonia, 
by  igniting  the  sulmtance  with  an  alkaline  hydrate,  as  aUive  montiunod, 
or  by  evolving  it  tn  the  frinj  «late  and  measuring  its  volume. 

!,  My  rmrcrxion  into  Ammonia:  Will  and  Varrentrajtp'H  method. — An  in- 
timate mixture  is  mode  of  1  part  caustic  f«oda  and  2  or  3  parts  quicklime, 
by  sinking  lime  of  go«xl  qn-iUty  with  the  proper  pmpiirtlon  of  strong 
cauHtie  pnd.T.  drying  the  mixture  in  an  iron  ve8f*Ml,  and  then  heating  it  to 
redness  in  an  earthen  crnciMn.  The  ignited  maHS  ia  rubbod  to  powder  in 
A  warm  mortar,  and  carefully  preserved  from  the  air.  The  lime  is  useful 
in  many  ways  ;  il  diminishes  the  tend*MRy  of  the  alkali  to  deliquescOj 
faciliut(«  mixture  with  the  organio  aubatanc**,  and  prevents  fusion 
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liquefactton.  A  proper  qu&nlily  of  the  aubatnnce  to  be  analyaectf 
frum  5  ly  10  grains,  i-jilricd  and  aciniraloly  weighed  out :  tln«  is  niL 
11  wurm  fMiru'lttiii  iiiorliir  with  enough  of  Iht;  ttinln-Uuie  to  till  two-! 
of  an  oriliniip.vuorabuHtiuu-tijlxt,  !ht«  morlar  Wins  riiieuHiwith  a  littli! 
of  IUh  alkdliiu-  mixtiire,  and,  liustly,  with  a  emnll  quantity  of  powdcn!«l 
j{hiBi*,  wliieh  eorapleti'ly  r'Mnort«  «vi?rything  adherent  to  its  surfaoo;  the 
lube  \s  then  fiUed  to  within  an  inch  of  the  ojwn  end  with  the  linie-miv 
ture,  and  arranged  in  the  chaulfer  in  th«  usual  maouor.  TUt*  mtiuumu 
ia  ooll(K:tod  in  a  little  apparatus  of  thrcu  bulba  (lig.  170),  ooutaiuiDg 

Fiff.  no. 


^ 


rately  arronp  hydrochlnrio  acid,  attached  by  a  cork  to  the  oombi 
tulNi.  Matters  bein^j;  thus  adjust^*!,  &rv  i&  apjdiifd  to  the  tube, 
with  th«  tnterirvr  extn^niity.  Wlien  it  la  ignite-d  throu>rhnut  its  whola 
length,  and  when  no  gnu  iH^ues  from  the  apparatus,  the  jmint  uf  thu  tulie 
ia  tirokeii,  and  a  litllo  air  drawn  Ihruu^^h  the  whole.  Thu  aeid  l>i|uid  js 
then  emptied  into  a  capftulH,  tht*  hullis  ringed  into  the  saino,  firjit  with  a 
little  altxdiol,  and  iheii  repoatetily  with  distilled  water  ;  an  exc<*fl  uf  pnr*« 
phttinio  chLoridu  la  addttl ;  and  the  whole  evaporated  to  dryness  in  a 
water-hiith.  The  dry  musa,  when  uoM.  is  treated  with  a  mixture  of  alco- 
hol and  ether,  which  dlsaulves  out  the  0U|n'rtlu<inB  plHtinum  ehloride,  but 
leaves  untouelied  the  yellow  <Tyt4talline  ammonitim  platinochlorido.  Tba 
latter  is  c-olk'oled  upon  a  BUiall  weighed  liller,  watihed  with  the  same  mix- 
ture of  ali-ohul  nud  ether,  dried  at  Ui{>0,  and  weighed  ;  100  parts  ix^rre- 
spond  to  fi.272  parts  of  nitrof^t-n.  Or,  the  salt  with  ita  filter  may  be  very 
carefully  i^'uited,  the  filter  burniNl  in  a  platinum  enuible,  and  the  uitro- 
g^n  rec.knrieil  from  the  weight  <jf  the  ^^Min^y  tnetal,  lOU  parts  of  that 
Btuucc  being  equivalent  to  14.18  porta  of  uitrogeu.  Tbe  furmtjr  plau 
be  preferred  in  most  caaen. 

Hodiest  rery  ri<di  in  nitrogt^n,  as  urea,  mnsit  b*^  mixed  with  about  an 
equal  <|uantily  of  pure  sugar,  to  furniiih  unamdeiiaable  gas,  and  thna 
diminish  the  viuleuoe  of  the  ahtturptiMU  which  otherwise  occurs  ;  and  the 
samo  preeautinn  uinM  Ih*  taken,  for  a  dilferent  reaik>u,  with  iho&a  whiuh 
contain  little  or  uo  hydrogen. 

A  modilioation  of  this  prooeaa  has  been  snggesteil  by  Pellgot,  which  is 
very  conveniettt  if  a  large  number  of  uitrogen-detorminatiouB  is  to 
motle.  Hy  this  plan,  the  aiumunia,  instead  uf  being  received  iu  hy( 
chloric  acid,  is  conducted  into  a  known  volume  (|  to  1  cubic  iaeh)  ^_ 
staiiilard  Aulution  of  sulphuric  acid  contained  in  the  ordinary  uitnigPV- 
bulba.  After  the  cumbui^tion  ik  Hnifthed,  the  acid  containing  the  ammonia 
ia  poured  out  into  a  beulcer,  colored  with  a  drop  of  tincture  of  litmus,  and 
then  neutralizeil  with  a  standard  solution  of  sij«la  in  water,  or  uf  lime  in 
BUgar-water,  the  point  of  ueutralJiatlon  U-tx.ming  pero'plihle  by  the  ^iiidden 
ap|iearanct*  of  a  blue  tint.  The  lime-solution  is  conveniently  pounM  out 
from  an  alkslimcter.  The  volume  of  lime-«olution  necessary  to  nenlralixo 
the  Riiine  auiount  of  acid  that  is  used  for  condensing  the  ammonia,  having 
Ix-en  asrt'rlained  hy  a  preliminary  experiment,  it  ia  evidMut  that  thn  di(- 
fereuce  of  the  quautitiM  uacd  in  the  two  expcrimvula  given  Die  ami 
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eoUeoted  In  th«  xcid  during  tbe  oombufttion.  Tb(>  amount  of  nitrogen  may 
thus  be  ealculattfd.  If,  for  iiMtanw,  au  acid  iw  iircpurwl,  tuniAiiiiug  20 
grains  of  ]jur«  bydrogou  sutpLiatti  (tf^JJ  in  lUUO  grain-Dit^<aMur<'A,  then 
ii*X>  ({raiu-meuhUTfs  of  lbi»  a<.nl — tlio  qiijinliljir  mtriHlucfd  into  tbu  biilba 
^will  ivirreiipoiKl  with  i.3&  grniun  nf  aiuinnniu,  or  1.14  grains  of  nilru^'iMi. 
Tbt!  alkaline  Botiuion  i»  ao  graduated  ihai  liMKt  ^rain-nuusureii  will  exacily 
nvatralize  ibu  200  Knuu-m<*aHiir(*t(  of  tbe  stitudurd  uciii.  If  we  now  find 
tbat  tbt^  acid,  partl^r  saturutt^J  witb  tbt-  amiiiotiia  disengaged  iluring  tb» 
combustion  of  a  nitrogunoiu  sufaetance,  ruquiree  only  700  grain- ue^uurL** 

2tK)  X  300 
of  the  alkaline  solution,  it  U  evident  tbat  — r^j^^ — «a(>OgTain-mc'«aur(« 

wiTe  Haturatod  hy  tbe  ammonia,  and  Iho  quantity  of  nitrogm  is  obtaim^d 

1.14  X  tin 
by  the  proportion — 200  :  1.14»G0  :  x,  wberoforo  j« —^^j.       80.342 

rain  of  nitrogen. 


I 


»tb 


2.  By  mrafurtmmt  as  free  Xitrogen. — Whon  the  nitrogon  exIsU  In  tbe 
ganic  siilttttancf  in  tbt-  form  of  an  oxide,  as  in  nitrolx-natenu,  t'^HjCXO,), 

yl  nitrite,  C,Hj(NO)t>,  etc.,  tbe  i)rec**ding  nielbod  caunut  lie  euij)loyLHi, 
cauHu  tboMe  nitru^en  oxidett  ar»  not  completely  txinverted  into  ammniiin 

heating  with   alkaline   hydratea  :    it   failn  also  in    the  caiio  of  ciTtain 
0  ItatfeA.     In  sui-h  ua»ea  the  nitrogen  must  bu  uvolved   In  t)ie  freti 
by  heathijf  the  urgauic  Imdy  with  co))per  oxide;  audita  volume  de- 
ed   by  colI<H^!ting  it  over   mercury  in  a  gra^lttattni  jar.     Then*  are 

era]  ways  of  etTerting  tliia  :   the  one  most  fre<[uently  employed  in  that 

Dumas,  aa  Himplifietl  by  MelKena. 

A  tuU?  of  Bob'iuian  glo-ss,  28  inches  long,  is  securely  sealed  at  one  end ; 
to  IhiD  enuu>;h  dry  acid  aiNlium  oarUmate  is  put  to  occupy  G  inches.  A 
Ue  pure  copper  oxide  ia  next  introduced,  and  afterwards  the  mixture 
oxide  and  organic  sabslnnoes,  tbe  weight  of  the  latter,  betweeu  4.5 
d  9  grains,  in  a  dry  state,  having  heeu   correctly  determined.     The 

Fig.  171. 


remaindrr  of  the  ttilw,  amounting  to  nearly  one-half  of  its  length,  Is 
then  filled  np  with  pure  crjpper  oxide  and  sXHTngy  metal,  and  a  round 
eork.  perforntwl  by  a  piece  of  narrow  IuIh',  i«  stsiiurply  a<laptcd  to  its 
m«mtb.  This  tube  in  connected  by  uican'i  of  a  cnoutulioue  juint  with  a 
Mit  delivery-tulH>,  a,  an«l  the  iH^mbuHtion-iube  i;4  arranged  in  the  fnrnaee. 
imt  is  now  nppliiKl  to  tbe  further  entl  of  tbe  tnbe,  so  bm  to  decoinitose  a 
rtinn  of  the  acid  sodium  carl>nnn(e,  the  remaintler  nf  th.i  cnrlfnate,  as 
dl  as  of  the  other  part  of  the  tul»e,  being  prntet-ttKl  from  the  heat  by  a 
rien,  n.  Tlie  current  of  carlxm  dioxide  thus  produced  in  intendul  to 
)el  all  tlie  air  from  tbe  ajiparatuH.  In  order  to  ascertain  that  this 
|f«ct,  on  which  the  sue e«s  nf  tin"  whole  operation  dejR'nda,  is  acoom- 

4t»» 
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pHBhcnl,  till*  tli'lirory-tulM!  \a  (lei)reHHuil  oiider  tbe  Ivvvl  of  a  ni(*rcQi 
Iroti^li,  anil  the*  gtw,  which  in  evulvod,  coIIocUhI  in  a  tcj»t-tiib<>  filli-<l  wi 
conccntrftit^i  pol&.sh-9otuUon.  If  the  gas  bo  pcrft-ctly  ftl«t»rtH«l,  vt,  if 
the  ioiruiluctiou  <jf  s  consicivrnble  <iiianlity,  only  a  minuU?  bubt>l«.<  b**  I> 
t)i<>  air  maj  Im^  dtruiHlon'tl  oa  f xpt'lltsl.  The  next  stt^p  in  tu  fill  a  grvlufti 
(;lads  jar  twu-thirds  Milh  unTcury  and  oiu>-third  wilU  a  Htruug  aolatiuii 
|x>(nt»h,  aiid  lo  invert  it  over  the  ilrltvery-tulM',  as  reprt-ai.^nti'*!  in  fijj.  IT! 

This  iliau',  liLiat  is  appUeil  to  iht*  tulH),  eommi-ituin^  at  ib«.*  fmnt 
ami  gradualty  pr<H:ee(liug  to  fciiv  L-Uieit^il  extrt-mily^  wbich  »liU  n>ntai 
sonn*  nudRci'>in{kK}i'4t  arid  sodium  carhonato.     This,  when  the  bent  at  len^ 
machea  It,  yiLdds  up  carlion  dioxide,  which  chai>e«  forward  tlic  citrof 
ItngiTin^  in  tliv  tulic.     The  uoi'buu  dioxide  generated  during  tli«  u«>tub' 
lion  is  wholly  al>Horl>ed  by  the  jxHiish  in  the  jar,  and  nothing  is  li*ft 
tho  nitrogen.     When  theopi'ration  iri  at  uu  end*  the  jar,  with  it4t  cc>ntvnl 
is  tranMf.'m-d  to  a  vessel  of  watir,  and  the  volume  of  the  uittxigen   r* 
olT.     Thia  ia   properly  corn'cttHl    for   tern  pern  lure,  pressure,  atid  aqueni 
vapor,  and  its  WL'l*:Iit  di-terniined  by  cahulation.     When  the  n[M<rali 
hM  tteen  very  Bucut's^ful,  and  all  precautluu:!  minutely  obHervnl,  the  re»i 
iitill  leaves  an  ernir  in  exwsH,  aniounling  to  (K3  or  i>.S  per  cent.,  due 
the  residual  air  of  the  apparatun,  or  that  oondeusi'd  in  the  pori«  of 
cupper  oxiile. 

A  moditiention  of  th«  proocss,  by  wbich  thiu  error  ia  considerably 
tsbed,  hrts  hi-en  devised  by  Dr.  Maxwell  Simpson.* 

The  uiethiKl  just  defcoribtvi  is  applicable  to  the  estimation  of  nitrogen 
the  oxides  and  oxygen-aci-ls  of  mtrog.Mi,  in  mrtallic  nitrates  and  nitrite 
and,  in  fact,  to  the  analysis  of  all  nitrr>genous  bodies  whatever. 

AnaijftiU  of  Cfttorinatni  Comfiounth, — In  the  euse  of  a  volatile  liquid 
taining  ehlorine,  lh»  combustion  with  copper  oxide  must  bf  Teryeareful 
oonductcil,  and  2  or  3  Inches  of  the  antt-rior  portion  of  the  tul»e  kept 
•enough  Ui  prevent  volutilixatiou  of  the   copper  chloride  into  the  caldui 
chloride  tul>e.     Lead  chromate  ia  much  better  for  the  purpose. 

The  ohlorino  in  duterniine<l  by  plueing  a  nmall  weighed  bulb  of  liquM  hi' 
h  oohibn!«tion-tnbe,  which  is  afterwardji  filKtl  with  fragmentjii  of  pure 
quieklime.  The  lime  is  brought  to  a  red  heat,  and  the  vapor  of  the  liquid 
driven  over  it,  when  the  chlorine  displaces  oxygen  from  the  lime,  anftfijl 
gives  riac  to  calcium  chloride.  When  rold,  the  eontrtitf*  of  the  tube  1^9^ 
diHHolved  iu  dilute  nitric  add,  the  liquid  ia  tiltered,  and  the  chlorine  pre- 
cipitated by  silver  nitrate. 

iiroHiinr.  and  iodine  ari;  e.stimAtod  in  A  similar  manner. 

Analtfti*  of  On/uiiic  CinnfuMimh  contuinmtj  Sniphur. — When  a  body  of  tl 
nature  i.i  hiirm^l  with  ccip}K*r  oxiile,  a  :!iuiAll  tube  cnntaining  lead  oxH 
muy  bo  interposed  between  tho  raliium-chluride   tube  and  the  potash  ai 

iiarntus,  to  retain  any  Hulphuroim  acid  that  may  N*  formed.     It  is  \h*\U 
lowever,  to  use  lead  chrouuite  in  such  cnae^.     The  pnjportion  of  sulphur 
in  determinerl  by  oxidising  a  kntmn  weight  of  the  eulntance  with  tttrimg 
nitric  tieid,  or   by  fusion  in  a  silviT   v»*s»i«l    with   tnn  or  twelve   time» 
WL'ight  of  pure  ]M»taaslum  hydrate  and  half  sxa  much  nitre.     The  snip 
u  thus  rfmvert«.i  into  sulphuric  aciil,  the  quantity  of  which  can  be  del 
mined  by  disHulving  the  fu»c.l  mniis  iu  waiter,  a<*iiinlating  with  nitrie 
ami  A<lding  n  biirium  Halt,     i^Mj,horti4  is,  in   like  manner,  oxidixi'd 
phosphoric  acid,  tho  quantity  of  which  may  be  dtftermiued  by  preoi] 
tiou  oa  ammouio-maguwian  phoophato. 

An  easier  mctho^l  of  estimating  nnlpliur,  phofphonia,  chlorine,  etc, 
organio  compounds,  eonsintrf  in  heating  the  fiulMinnci*  with  nitric  aeid, 
aiwcifio  gravity  about  1.2,  in  a  sealvd  tube.     S»iiphnT  ia  thereby,  iu  uear| 
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I  Cuw,  oniiipK*t«ljf  converltid  into  sulphuric  acid,  &nd  mny  be  ptvcipi* 
tAted  hy  cliloriflM  of  liariam  ;  fthoMp^mu  and  arMentc  &t«  convt^rtod  into 
pb^Mphorie  and  nrwonio  »?idB,  and  may  be  precipitated  ii«  nuimonio-magne- 
bium  salts  ;  rAAn-mr  is  partly  oxidiztnl,  partly  separatird  in  thf  fre*  stAlv, 
but  may  Im*  <.*<>mpl<*l)'ly  couv-i*rti^4l  into  byilrochloric  add  by  ineann  nf  a  di- 
lutn  solution  of  Kulpburous  ai'id  ur  sulpbitif  uf  K<-Mliuiu,  and  tlien  proclpi- 
tjit<.'«l  by  nitral**  of  siivt-r;  hmminr  and  itk/inr- n-Ta  cijmpb'tely  scjmrnted  xu 
Ibn  frvo  slat*.*,  and  may  ht*  <*Mimatfil  in  like  luanntT ;  lastly,  twjaU  aru 
cunvi*rlt{<l  into  oxidt^  ur  nitrates,  and  may  bo  vstimated  by  the  ordinary 
ini'tbods  of  mineral  aualysis. 

Tbis  metbod  of  oxidation  by  nitric  acid  in  noab-d  tubvs,  ia  likewiso  ap- 
plicjibbi  to  many  inurganic  oumjKtund.^,  ibo  Hiilpbideit  of  arai^uio,  for  ex- 

AiUpU*. 


EMPIRICAL  AND  MOLECULAR  FORMULA. 

A  rh«;mical  formula  i.-*  t<»niu'«l  emftiriml  wbt?n  it  mrrcly  giveft  Ibe  simplost 
poaaible  tixpreiuion  of  tbu  L-umjtogition  u(  ibu  subslaucu  to  wbicb  it  refent 
A  moitemiar  formula,  on  the  cuntrary,  vxprvtwett  tbe  alHuluto  uumVMT  of 
alomn  of  each  of  ita  elomtinta  Hupinmed  to  bt>  contained  in  the  mobnzult',  an 
well  as  the  morr*  numerical  rdationa  existing  Uitweon  tbum.  The  ompi- 
rical  formula  is  at  onco  dcduct^l  from  the  anajyaia  of  Ibu  substaiiue,  ruck- 
led to  lIH)  partii. 

The  cue  of  sugar,  alremly  cited,  may  bu  taken  as  ao  example.  This 
Lbstanoe  gires  by  aualysiii — 

Carbon 41.98 

Hy.lrogon «.43 

tJxygen M.fi9 

100.00 

If  nacb  of  thf>5e  qnantitioB  l>o  divided  by  tbo  atomic  Wfigbt  of  the  eof^ 
iponding  ebmient,  tb>'  quulit'iitM  will  4*xpri>st)  the  rflatitjii:^  exititin^  be- 
r»_*on  the  numlmra  ()f  attmm  o(  the  tbn*e  elfm«nLti:  tbesu  are  afterwards 
dncfd  to  their  ttinipU'ut  <>xpre^siou.     Tbts  is  tbe  only  part  of  tb«  calcu- 

fctiun  at^■n>lt^i  with  any  dilBoulty.  If  the  numt)erB  were  ri>;i(Uy  corre»rt, 
would  only  bu  nuooiwary  to  divide  each  by  thu  greatest  dividor  common 
the  wb<de:  but  »»  tliuy  are  only  approximative,  souivlbing  u  of  uecev- 

Ety  left  to  the  judjaiieiit  o(  tbo  experimenter, 
in  the  case  of  hujjar,  we  have— 

41.98  64.3  fil.r.O 

-j2    =3.50;    -J--6.43:    -^=3.42, 

350  atoms  carbon,  (M3  atoms  nf  hydrogen,  and  342  atoms  oxyf^n.    Now 

is  erident,  in  the  first  place,  that  tin*  hydrogen  and  oxyj^en  are  present 

learly  in  the  prdjHtrtiong  to  form  water,  or  twieo  ns  uniiy  atom^  of  tbo 

ui'T  »»  of  the  Irtltrr.     Agsin,   tbe  atnms  of  cArtM^ii  nnd  bydrtigoii  are 

irly  in  the  proportion  of  12  :  22,  ko  that  tbe  formula  r,,H„(),,  appears 

:«!y  to  Iw  oitrre**t.     It  i^  now  eaity  to  st.-e  how  far  this  \n  admiusiblf,  by 

Tkniiing  it  Imtk  to  UK)  parts,  comparing  thf  result  with  the  numbers 

iTc-n  by  the  actual  analysis^  and  olwnrvlni,'  whether  tlie  dilferenre  falls 

Lrly,  in  direA^lion  and  amnont,  within  the  ItinitM  of  error  of  nbnt  may  Ijo 

«e«i  a  [jjfxwl  exiw^riment,  vix.,  two  or  thr (tilths  pi-r  ci-nt.  tirfirititri/  in 

carbon,  and  not  more  than  une-tenth  or  two-lcnibs  per  cent,  excest  in 
hydrogen : — 
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Carbon  . 
Uydrogon 
Oxygua  , 


I 


.     12  X  12=  144 

1  X  22  =    23 

,     IC  X  U===176 

342 
342  :  144  =  100  :  42.11 

342  :  '12^  =  UH1  :    0.43 
342  :  17ii  s  UH)  :  &i.4(> 

To  dptormine  the  molecular  formula,  Bevoral  considerations   most 
Iftkin  into  ai-4x>unt,  naxut'ljr*  the  Qouibiniug  or  saluraiiiig  power  of  the 
pound,  if  it  ifl  acid  ur  baulo;  tlio  nunilifr  of  atoiuff  of  any  one  of  its 
itieutit  (>i<.'Ui*raUy  Iiydmg«n)  wbicti  niAy  bo  replaci^d  by  othtr  ••i«?nn' 
till'  luw  of  oven  nuiubi*rs,  which  riHiuiri'S  that  the  sum  of  tlio  nuo]b<^r• 
atunui  of  all   tbo  [u'risfiad  elomonUt  (hydrogen,  nitro^<.*n,   cliluriiie, 
coiil-ninmt  in  tlif  coiiijKiund  Hliall  Xni  divi»iblo  by  2;  and  the  va{M>rHltrn 
of  the  c<^in|wund  (if  it  U*  vulalile  without  dvcomptjjiilioii)  whtWi,  in  nor 
xnally  cunslituted  compounds,  is  always  half  tbt»  mnli-fular  wci;,'ht  (p.  1 

Th(f  molecular  formula  may  either  ooinoido  with  the  empirical  form 
or  it  may  bo  a  multiple  of  tho  lattvr.  Thus,  the  compoHitiou  of  cicertc 
is  0]cprcti8e<l  by  th«  furniula  CH/),  whtnh  exhibtta  tho  simplest  rolai 
of  thti  three  elemHnls;  but  if  we  want  to  express  tho  quantities  of  th 
in  atomH,  requirtMl  to  inak^*  up  a  mtdecule  of  AC**tio  a^id,  we  havu  to  a 
the  foniinta  Cl^H/),:  fi>r  4inly  onu-fourlh  of  thti  hydrogi>n  in  this  aoi 
replat-TJiblo  by  melals  U*  fiiria  HalU,  CjH^Ko,,  for  fxainplw:  and  its  vn 
dim»ity,  vompari?d  with  hydrngcn,  is  noarly  30,  which  ia  half  tht-  wvight  of 
th*Mnoleoul.',<'3ll/»5  =  2xl2-f  4x1-1-2x1'*.  Again» thet'mpiricalform 
of  bimzone  ia  ClI ;  but  this  contains  an  uuuven  uumlwr  of  hydrugeu-ato: 
moreover,  if  it  uxprcsaed  tJiu  weight  of  tho  molt^culo  of  bcxueno,  the  va 

12+1 
density  of  thai  compound  should  bo  — n —  *=  6.6,  whereas  experi 

ahowa  that  it  ia  six  timpa  as  great,  or  equal  Lo39:  henco  thomol 
fornmla  of  bcnzenu  is  Cgll^. 

Organic  arids  and  saU-radirlt'S  liaro  their  molernlar  Wi?!ighta  moat 
qncntly  determined  by  an  analysis  of  their  lead  and  silver  salts,  by  Imi 
log  these  latter,  with  suitable  pre<:aution3,  in  a  thin  porcelain  capdn] 
And  noting  the  weight  of  the  l^ad  oxide  or  mi*tall<c  sih'er  left  behind,     if 
the  lead  nxido  he  mixed  with  globules  of  reductnl  nif  tnl,  the  quantity  c^ 
the  latter  must  be  aseertaimnl  by  dissolving  away  the  oxide  with  at      ~ 
aeid.     Or  the  lead  salt  may  Iw  eonvorted  into  sulphate,  and  the  sili 
comf>ound  iuto  chloride,  and  both  metals  thus  estimated.     An  org« 
basi',  on  Ihe  contrary,  has  its  molecular  weight  fixed  by  observation  of 
quantity'  of  a  mineral  acid  or  organic  ssU-rotlicle,  required  to  form  with 
a  tH>inponnd  having  tb«  characters  of  neutrality. 

The  rational  and  constitutional  formulie  of  organio  compounds  will 
oous)dert*d  further  on. 

it  in  8ear(u.dy  nee*«!iary  to  ohserr-w  that  the  methods  jost  desoribvd 
determining  ihe  empfrieal  and  molecular  formula  of  an  nrganio  onmpound 
from  the  results  of  its  aniilyniN,  together  with  its  physical  properties  Ukl 
ehemiual  roaotiona,  aro  v^ually  applicable  to  iuorgauic  Lotapounds. 


ty  rtf 

icet(^H 

tilv^H 

itht^ 
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CLABSIPICATION  OF  ORGANIC  COMPOUNDS.— ORGANIC  SERfES. 


Tlio  clMflific&tion  of  organic  oompoundB  in  baaed  upon  the  quantivalencfl 
or  alouiidtj  of  carbon.  Thu  eleni4*nt  is  a  tetrail.  iH^iuK  cnpalilf  of  uniting 
with  at  must  four  utouu  uf  liydrogfii  t>r  other  miinntoiLticflemenlH.  Methane 
»}r  iiiaTAb  gOH.  CU,,  is  therefore  a  Ba,lurKled  lty<lr(>tjarttou,  not  capable  of 
uniting  (iirei-'tly  with  chlorine,  bromiut*,  or  other  niouail  elements,  but 
uiil^'  iif  exchanging  a  part  or  llie  whulu  of  itH  hydrogen  fur  an  ei^uivalent 
iliiADtity  of  another  uioiiad  element.  It  may,  however,  ftfc  already  vxplained 
(p.  -37),  take  up  any  number  of  dyad  elt*ine»tfl  or  rndicl<%,  b<>catiK<;  such 
a  radiirle  introduced  inti>  any  group  of  nl^rnns  vhatever,  nealralizcs  one 
unit  of  tNjuivalenoy,  and  ad<la  another,  leaving  therefore  the  combining 
tnpacity  or  eiiuivaleuce  of  tlie  group  just  the  name  as  iM^fore.  Ai-tvtrdingly, 
the  hydrocarbon,  CIl,.  may  take  up  any  number  of  molecules  of  the  biva- 
Irnt  r&diuie,  ClI^,  thereby  giving  ri«e  to  the  seiiea  of  Maturated  hydro- 
carbons, 


CU,, 


CH, 


CIL 


C4H„ 


c.n^+,. 


A  »*^rieii  of  componn<ifl,  the  terms  of  which  differ  from  one  another  by 
lU^f  is  called  a  homologous  series.  There  art-  many  ^uch  Herles  In»- 
idea  that  of  the  hyiiroearbons  juht  mentioned;  thus  methyl  chloridei 
IJI/'I,  giv«a,  by  coiiliuued  adJitiou  of  t'H„  the  Buries  of  chloride*, 

cn,a,      CjiijCi,      c,H,ri,      rji,a  .  .  .  cji^+.U; 

fmm  methyl  alcohol,  CH^O,  ia  derived  in  like  mauuur  the  surieB  of 
lolojfouu  alcuhulu, 

cii.o,      c,!i.o,      c,n,o,      c,n„o  .  .  .  c.n^+,o, 

terms  of  the  same  homologous  aeries  resemble  one  another  in  many 

ta,  exhibiting  gimilur  trani^formationH  under  tlie  action  of  given  re- 

1,  and  a  regular  grft'ljilinn  of  pi-o(»erlieti  from  the  lowest  to  the  highest ; 

of  the  hydrocarbona,  t'nHj.+j,  the  h»weHt  terms  Cll,.  (',11,,  and  C^H^, 

gasemis  at  onlinary  tera|M;raturea,  the  highest  eoiitainiiig  20  or  more 

krbon  alouia,  are  ttoli.l,  while  the   intermediate)  compounds  are  liqniiJs, 

ecomiiig  mere  and  more  viscid  and  less  volatile,  as  they  contain  a  greater 

lumber  of  i^rbon  atoms,  and  exhibiting  aoonstunt  riiceof  alxint  2<>^C.  (Sti^ 

K.)  in  their  Utiling  iH^ints  for  «aeh  uldilion  of  t'llj  to  the  mole<-ule. 

The  saturntetl  hydrocarbons  (.'^11^4,,  may,  under  various  eircumstancea, 
ileprived  of  two  atoms,  or  one  molecule,  of  hydrogen,  thereby  producing 
new  homologous  series, 


cn, 


c.u. 


r         ^1^4,         CaH,. 

lejte  are  nnsatnrat*'d  m'>!eciil«*,  having  two  units  of  «|uivaU'ncT«nPom- 
(I,  and  therefore  aeting  as  l.ivnh-nt  raflielea,  capable  of  taking  up  2 
ims  of  chlorine,  bromine,  or  other  univalent  radioles,  and  1  atom  of 
tygen  or  other  hivab'dt  radicle. 

The  first  term  of  this  Insl  series  cannot  give  up  2  atonu  of  hydroguji 

'ithout  l>cing  rediiwd  to  tlio  atom  of  carbon  ;  bnl  the  remaining  terms 

eooh  give  up  2  atoms  of  hydrogen,  and  thus  give  rise  to  the  aeries, 

CjH,,      c,n.,      c,n,  .  .  .  c„n,„_„ 

of  which  is  a  (luadrivalent  radicle. 


Andf  in  like  uiAuuer,  by  8uo<*t«^iv(!  alnttraotiun  of  H^  a  number  of  h( 
logoua  serien  tnnj  bo  fonni^d,  whose  general  U^rma  &re 

The  indirulual  seri**.'*,  its  tar  as  Cg,  are  t'ivt-n  in  the  following  table, 
geLhcr  with  lUu  uftiueti  prupunud  (at  them  hy  Dr.  Uu&uaun  :* 


Methane 

EthAiio 

Propnue 
O.H.„ 


Me  (be  no 
Elhroe 
Prop«Qe 


Ethine 
Projiine 


PfOpOBB 


QuarlAne  QuArteae  Quartlne  Uimrtone  QiKtrtune 

CjH„      c.ii„      c,n.       r,».      cji. 

Qulntftoe    Qulnteoe  Qulntlnt}  Clulutoae  C^ulntUDe 


Sextnue      Sentcue 


S«xtuoe    Sc&(uDe 


C.H, 

c.a. 


c,n. 


Bach  rertical  cultimn  of  (liis  table  forms  a  hQinolugoai  aories,  in  whin 
tho  t4>riiis  ditTer  by  CU^,  and  each  horixontal  litie  an  isologoua  s«rlel 
in  which  till'  BUix'ea.iivi!  tcruis  Uilfur  by  H,.     Tim  iNxltes  of  tlie^H*  last 
are  dtwiguati'il  n»  the  mmiiH'Arlion,  dicarUm  group,  etc. 

Thi«  formula  In  tho  prcooding  table  rcprcHi'Di  hydrocarbons,  all  of  whii 
are  callable  of  existing  in   the  Kuparato  state,  and  many  of  wliich  Ixal 
U.'on  actually  obtaintni.     They  are  all  derirwd  fmm  nnturnted  iuoli*culc«, 
C„H,„+,,  by  alistraction  of  one  or  more  pairs  of  hyJrogi>n -atoms. 

But  a  sttturnte<l  hydrucarbon,  ('II4,  fur  example,  may  give  up  1,  2,  3,  or* 
any  numlH^r  of  Ityrlrogcn-atuiufi   in   t*xohang«>   for  nihcr  eli'iiiMttts ;    tb 
luansh  gas,  C1I|,  subjected  to  thi^  action  uf  oUloriuo  under  varluud  oirot 
Atanoea,  jrielda  the  suhstitution-produotfl, 

cUjCi,      cu,a„      cHCi„      ca« 

wMch  may  be  regarded  aa  compoandB  of  chlorine  with  the  radiolety 
(CH,)'.         (CH^",         (CU^'-",        O^ 

and  in  like  manner  each  hydrocarbon  of  the  Borios,  C^H^-f  ^  maj  yield 

a  aaries  of  radiolea  of  tho  fonux, 

(C.H„+ 1)'.      (C.H^".      (C.I!»._,)'",      (C.n^-^H,  etc., 

each  of  vhich  has  an  iMiuivalent  valiio,  or  nnmbining  power,  eorrt>«i|Ktnilin| 
with  Mr>  numlxT  of  hydrugeu-atum*  abtitraetod  from   lUu  original   hyilni 
oarbon.     Those  of  even  eqiiivflleniv  (contain  even  iiiiiiihtTM  of  liytlnigi'U. 
Atoms,  and  aru  identical  in  oorapovition  with  thotte  in  the  al>uvo  table 
but  those  iif  uneven  in]uivalence  contain  odd  numbers  of  hydrogen -atuiua^l 
and  are  iiic^apable  of  existing  in  the  aeparate  atate,  except,  perhaps, 

double  moWltle;!  (p.  237)> 

TheM  hyiii-ocarbon  radicles  of  uneven  «qnivAb*nce  are  de«ignat«<d  bj 
namea  ending  in  yi,  those  of  the  niiivalent  radii-les  t>eing  fornicvl  fr 
molhauu,  etliane.  etc.,  by  olianging  the  terminnliun  an*  into  tft:  thuae 
the  trivalent  radicles  by  oliaitging  the  final  «  in  thu  naim'S  of  the  blvaleni 

•  Proeeedlaga  of  the  Roj-nl  Society,  *t.  ST.    K»*mc«  wllh  Orefk  prrflNen  are. 
howrvcr,  more  erDernlly  used: '.  9h  pentane,  hcxiine,  aoO  lirptAiic,  rntlier  Itta^] 
qulotAoe,  lextaoe,  and  septaae. 
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radidefl,  metlivno,  etc.,  into  j/t;  and  aimilnrly  for  tUo  ruil. 
Iht;  whol«  (tcriea  will  thorMforw  be  as  followa  : — 


TllQ  lUUUtM  uf 


Mcilieoe 


CH,        (CH,)' 
M«thADe  JUettiyl 


EUiitutf      Ktliyl       Ktlieue 

Prupane    Propyl    Prupcue 
tie. 


(C»)'" 
MctJieayl 

KtLcfiyl 

Propeiiyl 


Ethioe 

Prapltie 
etc. 


KUiluyl 

Propluyl   Prupoue  Propopyl 
etc. 


FiHim  theso  hjrdro(^rl)on-rA/iicles,  callod  nlmliol-radiclr^,  lHH!auB«  the/ 
auUT  into  iho  compodiiion  of  aU^hoU,  ot)i**rH  of  iltu  aamu  dt^grt^c'  of  iH^uiva- 
leiictJ  may  l»  derivod  by  portinl  Mr  l*)l:il  rt'i^tlatwrut-nt  of  the  hytlrwRcn  bj 
other  plements,  or  compound  rodu'les.  Thus  from  propyl,  C^Uf,  mity  be 
dvrivtid  th»  (uUowiug  uuivalent  raUiclea: 


CJI4CI 

Cbtoroprupyl. 


Tolracliloro-  Oxypropyl.    Irtchlor- 
prupyl.  okfjiroiiyl. 


C,H,(CN)' 

Uyanojirupyl. 


C.H,(NO,)         CJW(NH,)0         C,H-(Cn,)         0,1^(0,11,), 

NUropropyl,     Au)l(luxyprui>yl.    Meihyf-iiropyi.     Dleiliyl-propyl, 


I  From  the  radicb's  nUtve  im-ntiontM,  all  well-tUffiiieil  nrganio  ixmipnumls 
ay  l>uKtipiKM4i>rl  to  he  fimni.il  tiy  r< )iii I li nation  aiuI  Mi)>?4tiliilioii,  carh  ra<li(.*l«t 
itcriug  into  combination  just  like  an  elumvatary  Ixxly  of  thti  sainu  degree 
quantivalpncp. 
Organio  oompoands  may  thoB  be  arranged  In  the  foUowinf^  classi's  :— 
1.    UydrooarboDs  containing  even  numbers  of  hydrogen 
atom*.— These  arethe  componndtt  tabulated  on  page  47H  ;  thr-y  nre  Hoiiie- 
timea  regarded  au  hydridtrs  of  radicluA  containing  DnuvcD  numlH'ra  of 
hydrogen  atomB,  c.y., 

Methane,  Cfl,  s=  rilj.TI     Mi'lhyl  hydride. 

Haloid  Ethers. — Couiponoda  of  bydrocarbona  with  halogen  ete- 


r,n,Br,  r^Hj, 

Et)K'D«  bruiuiile.    Propeuyl  Iodide. 


cn,n 

Methyl  chlarlde. 

3.    Compounds  of  hvdrocarlHins  with  nilryl,  NOj  (the  radicle  of  nitrlo 
Jld,  NO^OU),  c.y., 

cHj.No,  c,n,.(Nn,), 

Nltro-aivtti«ae.  Dlaltro-inethcue, 

Amines  and  Ti  i  t  r  i  1  s  , — Compounds  of  alcxihoUradiclefl  with  ami- 
;wn  (Nil,),  imidogon  (NU)",  and  nitrogen  (N"')  :  «.y., 


CjHj.NH, 
Etbylamlne. 

Elh«De^intnine. 


(c,n5),.NU 

Diethyls  mine. 

(CJI,),(NH), 
Diet  htfoe-«llA.  mine. 


fc,n,),N 

TrIethyUtnlofl. 

Trlethenedlnmlne. 


The*e  bodies  are  mostly  ofLaaic  character,  and  capable  of  farming  sal 

llh  arid»,  like  ammonia,  H,N,  fmm  whicli   they  may,  in  fact,  be  derived 

snl>stitutiun  of  aluohol-radicU^  for  part  or  tlie  whole  uf  the  liydroj^i-n. 

ill  Hhieh  the  hydrogen  \»  wholly  thuii  re)>lncoil   are  ealU*d  nitrils; 

among  Ihcso  special  meiiti"ii  nmpt  Ik*  made  of  a  group  (^u.-sisijug  of 

;«n  combined  with  a  trivalunt  hydrtKiarbon-radirli',  such 


(rH)N 

Metlienyl 

altrll. 


Et|i«>iiyl 

mtru. 


(CJijN 

Pro pen yl 

altrll. 


4t$0 
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Tht^e  nitrib  bftve  no  bttslo  prnpi-rtioa,  bat  ute  all    tioutrat.  r^crpt 
flrwl,  whu-h  U  a  oiunobajiic  »cid,  c«p«t>U  nf  cxcbaDfring  its  hydm^^^n 
mutaU,  ami  thU  character  majr  be  reganlod  as  a  ouutpuund  of  livtlic^i 
with  iho  eqnjvaltiui    radicle  cyanc^^u  — C=r^  ;   U  ii   accoriUugl/  tu 
b/ilrcgen  cyauide.   ur   h  viirocjr  auir   arid,  and  the  oiltcv- &il 
liocnologoas  with  ii  are  the  ullien  of  tUis  acid  ;  tbuB  : 

Mtlbynyl  nithl,  (CU)N  s=  CN.H.  Hydrogen  cv.inide, 
Etbouyl  nitril,  ((-■,II,)X  s  CKXH^  Mt-tbyl  c>-aiiid«, 
Propcnyl  nitril,  (C^U^jN    ^^  C>*.C,Uj,  Ktbyl  eynnide. 

By  the  combination  of  aminos  with  the  chloride,  hydroxi'^-^ 
alcohol  radirLcvi,  L-otDiK>uiids  artr  formtHl  coQlAiuiu^  p*>ntAd  m 
having  the  ctintposition  of  ammoniam  soltjs,  in  which  th«  hydr<'^. 
or  len  ropiaced  by  alcohol  radicle*  ;  thua  : 

N<r,nj)H,ri,  KthylammoDiam  chloride, 
K(t.'jHj),ll,('I,  Difthjlaminoiiium  chloride, 
'^(*-'3''i>jlU-l,  Tricthylamiiioniiiiii  chloridn, 
^(*^"i*'i)4*'^  Tolri'thylaminiiniuni  chloride, 
N(C,Hj),(JH,  Tetrethylainmoniuin  hydroxide. 

Tliis  lojit  compound  aixl  its  analogues,  containing  methyl,  amyl,  etc. 
p«iwerfiil  alkalk-s,  ohtainahle,  by  evaporation  of  their  a^utH^tUfeVdutioii, 
whilti  dcliqutaccnt  cry&mlliuc  ma£8e«  resembling  uauttttc  potaab. 

ADalogoan  to  the  axuinm  are  the  pbosphines,  arfliuea,  at»i  «] 
binea,^.*/., 


Dtethyl'phoaphiofi. 


Triclttyr-artloe. 


(C,H,)8b 
Trictbyl-atlblne. 


AlcoholR. — G^mpoanda  of  hydrocarbons  with  hydroxyl :  «.y. 


Etbyl-aJcohoL 


Ethrni*  ilrohoL 
(Glycol ). 


Propeoyl  nicohol 
lOI>oermp;. 


6,  Tlie  replacemont  of  the  hylroxylic  Iiydrogon  In  an  ulcohul  by  hr< 
€?arlx>n-radii^le8    (nlc«»hol-riulii'le*).    or    oxygenated    liydiitcnrbun    radiol 
(acid  radicles),  girea  riao  respecUvtfly  lo  oxygen-ethers  iiod 
pound  «tbers,  9.3*, 


Elbyl  oxide. 


C,H4.0.C,U,0 

Ethyl  Koetnte. 


C.H,.O.CH- 
Stbyl-methjrl 

oxide 


C,H,0 
Elheae  oxida, 


Ethene  iDono-ao«tat&         Ethcoe  dl-acctala 


I 

I 

I 


7.  Sulphur  and  Selenium  Alrohols  and  Ethers. — Compounda  ■ 
ana1ot^>iis  to  thi*  oxygen  alcoholti  and  ether»-^the  oxygen  being  rnplaoe^^H 
by  niilphur  or  selenium.  The  sulphur  and  eeleniuiD  aluohnU  are  callej^H 
meroaptans. 

H.  Compounds  of  hydrocarbon  radicles  with  Tarioas  eleinenta,  met-aUio 
and  nou-mot&llir  :  «.  ^., 


NaCjH, 

Sodium  ethida. 


Zn(c,no, 

Zlaoelhldr. 


8n(CHs), 

Stannto  methlda, 


Trlethyllc  bortdc. 
Thus«  coutaining  metaU  are  called 


SKCHOt 

Tertefl.yUo 
•iliekde. 


'<»llio  Compuu 
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9.  AldohjdPB.— Compounds  intormediiitfi  between  alooboU  and ocidii. 
Liu  : 

c,n,o  c,n,(»  CjH/*, 

Ac«tlo 
aldehyde. 


£th*yl 
alcohol. 


add. 


10.  Kotoncff  . — Bodies  derived  from  alduhydefi  hy  tho  replacement  of  1 
of  h^drugon  b/  an  nloobol-radicli* ;  «.  ^.^ 

Acetone,  C,H.O  =  C,H,(CH,)0. 
Organic  Acids. — Compounds  of  oxygenated  radiclos  with  hydroxjrl ; 


r,H,o.Hn 

Aoetic  Acid. 


(C,HA).(HO), 
Sucolnio  acid. 


(c,H30,).(no), 

Citric  Add. 


The  hydrogen  in  the  rrulinlna  of  those  acMs  may  be  more  or  less  replaced 
by  chbirtue,  br«»ininf,  iiitryl,  amidogon,  etc.  :  thus  from  tfcnzoic  add, 
l^UjO.UH,  are  derivwl : 


C,H,C10.0H 

Chloroltrniolo 


C,H,(N0,)O.0H 
Nitrobeoaolo  add. 


C.H,(NH5),0.0U 

IHamltlubcnzjle 


Adil. 


11.  Acid  HalideB,  also  called  Chlor-anhydrides,  Broman-' 
hydrides,  etc. — Compounds  of  oxyg*>nate<i  railickti  (ftoid  ra«litl<*j')  with 
halogcn-oleinent.«i.  and  derived  from  the  acld^  by  aulistitutlun  uf  thoufl 
el«flMDt8  for  the  bydruxyl ;  f.  ^., 


C.HjOXl 
Acetyl  ohlorido. 


SuccioyL  chlurldr.         <7Itryl  olilorlJe. 


12.    Aoid   Oxides,    sometimes  ctkHtid  Anh^rmu  AciiU  ot  Amkydritie*; 

(c,n,0),o  cji^Oj.o  r.='"r:io 


k 


Acetic  oxide. 


Sucdnlo  add. 


C,H,0| 

Acetl-bcuxoUt 

OKlUe. 


13.  Amides. — Compounds  analogous  to  the  amlm^,  but  containing 
d-rndlck's  instead  nf  alcchol-radirlcs :  tho»6  which  contain  bivalent 
icles  combined  vrith  imid<.igen,  Nil,  are  called  imides  ;   «.  y., 


Acetamidc,  C,ll/J.Nn, 
Dittcetamide.  {(•,IIjO),.NU 
Saccinitnide,  C^U/Jj.NU 


TriBUccinamide,  (C,ll40g),N, 
Citramidti,(C,"i^*i)^ 


Bach  of  the  classes  of  carbon   compounds    abovtj   enumerated   may 
divid».-d  into  boiii(ilo>;oiis  ami   isologous  serieti,  tlinngh  in  uirntl  t-aitcs  these 
scries  are  for  from  being  coui[>leto. 

KurtljMr,  organic  cuiupi>und»<  may  l»e  divided  into  two  great  groups, 
cnllod  th<;  Fatty  .ind  .^rnnialic  grnups,  oarli  int-hidiiig  bydrocnrbons, 
alcohoU,  acids,  bast's,  etc.,  those  of  the  first  group  Iwing  durived  from 
methane ,  CII^,  and  those  of  the  M.M-ond  from  benzene,  t',!!,.  The 
rrcspondiiig  compounds  in  thc^o  two  groups  arc  disliugulHhcd  Irom  one 
lother  by  well-marked  tiharacteni,  supiHised  to  dejwnd  upon  the  arrangu- 
lnt>nt  of  the  carbon-atonm  in  tlxdr  tnnlt^ules. 

The  preceding  classest  nH>st  of  which  have  their  analogut^s  amongst 
organic  coropounda.  inclu'le  nenrly  all  nrtifidally  pri-pnn'il  organio 
ili»«,  anil  the  majority  of  lUoae  producud  in  the  living  organism.  There 
Btill,  however,  many  compounds  formed  in  the  liodies  of  plants  and 
Imals.  the  chemical  relations  of  which  are  not  yet  sufllciontly  well  mad« 
41 
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oat  to  raable  lu  to  daiil^r  them  irith  «er1aint}r<  Sach  U  thft  csve  vtth 
m&n/  TegeUbto  oiU  and  fwitts,  with  mosi  of  the  alkaU'iiU  or  basic  ititn» 
g«xiiz«d  cooipoun<U  found  in  plaAts,  ftuch  ms  morptune,  quinine,  fltrjdi- 
ninc.  etc,  and  M^riral  definite  nuDpoanda  formed  in  thr  aiiiuu.] 
u  albumin,  fibrin,  oaMin,  and  geUUiu 

Rarioitai  Ftfrmmi^  of  Oryame  Ciwyiiwii. — It  most  be  distinctly 
d«ntood  thAt  the  fonuobe  above  givrn  are  not  the  only  ones  li_v  it  hirh 
OPiutitution  of  the  Mreral  claasea  of  organic  «>mpnuiidj$    luaT   bv  rei 
Milted*     Batlonal  fonnaUe  an  inteoded  to  n-pr'-^eot  the  mode  of  format 
and  deoompoeitionof  oompoumis,  and  the  rt'liuiun  which  allied  oom(»n[ 
be*r  to  one  another :  hencv,  if  a  compound  can,  under  varying  cii 
fttanoea*  split  up  into  dilTerent  atomic  i^ruups  or  radicles,  or  if  it 
formed    in  various  ways   by  th«   mnibination  of  Bucb    rmlivles    diffei 
rational  fortuuI«  must  Ih.'  asslgued  to  it.     This  point  hji3   bevu  ali 
noticed  in  cunnrvtiun  with  t\w  constitution  of  mt^tallio  salts,  and 
(rated  •wfrt-rially  in  the  case  of  tb«>  stilphal^ii  (p.  2^;"•),    but  organic 
poonds,  which,  for  the  most  part,  coutain  larger  nuinK-rs  <if  ntotu±«, 
are  thorvfore  cap:ible  of  divUion  into  a  greater  Qum)M-'r  of  groups,  n 
much  more  abundant  illustratiun  of  the  same  principle.     Take,  /or 
ample,  act*lic  acid,  lh«  molecular  formula  of  which  is  CsU,0|.      This  mar 
be  resolved  into  the  following  rational  formuhe: — 

1.  CylliO,.!!. — ^This   formula,  anAlogous  to  that  of  hydrochloric 
C1*Ut  indicates  that  a  uoUvulv  of  acvtiu  a<.^id  van  give  up  onu  atom  of 
drogen  in  i-xchaugo  for  a  univalent  metal  or  alcohol -radicle,  forming, 
example,  sodium  acetate.  I'glljOi.Na,  eth.vl  acinato,  CjlljO.CjH^,  ^tc;  that 
two  molecules  of  the  aciil  uuiy  give  up  two  hyilrogen  atoms  i'' 
for  A  biv.al«"ntmetaloralecihn|. radicle,  forming  barium  acetate,  ■ 
ethene  aceUte.  (C,U,0^y.(C,U«),  etc. ;  in  other  worda,  that  a. 
a  monobasic  acid  (p.  2h5). 

2.  CslUO.HO. — This  formula,  analogona  to  that  of  water,  U.HO,  ii 
oates  such  roactions  as  the  formation  of  acetic  acid  from  acetio  chloride 
the  action  of  wator : — 

c^H.o.a  -h  H.no  =  iici  f  c,H,o.ito- 

3.  CjHjO.n.O. — ^Thisformala.alaocomparablewilhlhatof water,  II.H.4 
indirati:^  the  eonvoraiou  of  acetio  acid  into  aoetio  chloride,  by  the  aotitm* 

phufepliuruii  peutachloride  :^ 

c,H,o.H.o  +  pci,.a,  =  c,n,o.CT  -j-  aa  -|-  pa,0; 

aUo,  the   formation  of  thiaoetlo  acid,  Cgli|O.U.S,  by  the  action  of  pho^ 
phorus  penta;»ul|)hido  ou  acctie  aoid  :— 

6(C,H,0.H.O)  -f  P,S,  =  5(C:,H,0.H.S)  -f  P.Oj. 

4.  (C,H,)'".UO.O. — Thift  repreSMita  the  formation  of  acetic  acid 
elhvnyl  uilril,  ((V1,)'"N,  by  heating  with  caustic  alkalies: — 

(C,U.)N  +  [JIJj^  }  =  Ntt,  +  (C,n^.O.HO . 


Etbenyl 

mtru. 


Water. 


5.  (CO.CH^.HO.— This  formula,  in  which  the  radlole  acetyl,  C,H,0, 
roKilvcd  into  carbonyl,  (CO)",  and  methyl,  repreoenta  : — 

a.  The  decomposition  of  acetio  auiil  by  electrolyaia.  in  which  hyd] 
ia  evolved  at  the  potitive  pole,  while  carbon  dioxide  and  ethane, 
appear  at  the  negative  : — 

2(C0.CH,.H'''  *    "^  -f-  acOr 
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B.  The  production  of  methanu  (ro&rah-gas)  hy  heating  poUHinm  aoe- 
'tate  with  excw*!!  or  jMitA^siiiin  liydruxi<!u  (p.  10&). 

CO.cn,.K(J     4-     HKO     =     CII,     4-     (CO)".(KO),. 
PotfttBium  Boctftte.    Polaulum      Mrth&oe.  Pota»«iuiu 

hydroxide.  akrbonftte. 

y.  The  productinn  of  acetone  and  b&rium  corboDato  hy  the  dry  dutills- 
tiou  of  barium  ac«tat«: — 

(CO.CH,VBaO,  =  (CO)(Cn,),  +   (CO).BAn„ 
Barlun  ftoetato.  Aoeione.  ifnrlum 

oarhonate. 

Now,  on  comparing  thwp  seroral  rational  formnln,  it  will  be  Been  that 
thejr  are  all  indudod  under  the  ooniititutional  formula, 


in  which  the  molecule  is  reaoh'vd  into  its  oomponpnt  atoms,  and  these 
aU^uia  are  gronped,  aa  far  iw  pmsfblo,  according  to  their  different  equiva- 
leiioes,  or  combining  capacitiM.  These  oonstitotional  fnrmuln  are  the 
neareat  approadi  to  tlie  represeutatiun  uf  the  true  conBtitution  of  %  com- 
pound that  our  knowledge  of  its  reatrtinna  enables  us  lo  give;  but  tliH 
8tudt*nl  cannot  too  oarefuUj  bear  in  mind  that  l\\cy  ore  not  inlonded  to 
represent  tlie  actual  arrangeiuent  of  the  atoms  in  spare,  but  only,  na  it 
wttre,  tht:ir  rt-Utire  mixlo  uf  combluation,  sbouin^  which  aU>ntH  are  com- 
bined together  direclly,  and  which  only  indirectly,  that  is.  through  the 
medium  of  others.  Thus,  in  the  formula  of  act^lio  acid,  it  is  seen  that 
three  of  the  hydrogen  atoms  are  united  directly  with  tlui  carbon,  while  the 
fourth  is  united  to  it  only  through  the  medium  of  oxygen  ;  that  one  uf  the 
two  oxygen  atnra.4  ii  combined  willi  carUm  alomt,  tiie  olbur  both  witli  car- 
bon and  with  hydrogen:  and  that  one  of  the  cart>on  atouu  ia  eumbin«*d 
with  the  other  cnrUm  atom  iiikI  with  hydn>gen  ;  the  secund  with  carinn 
and.  with  oxygen.  Ahunduut  illuHtration  of  tlu-se  priiicipleti  will  be 
afforded  by  the  apecial  dcnuriptiona  of  urgauio  compounds  in  tlic  following 
pag«. 

Isomeriani. — Two  compounds  are  aaid  to  Iw  iaomerir,  when  thoy  have 
the  8Amc  empirical  formula  or  jx.Tcentage  composili<m,  hut  exhibit  different 
pr«>pertie8.  A  few  examples  uf  i.sumeriam  are  met  witli  amongHl  inorganic 
oomi>ouuds  ;  but  they  are  much  mure  numeroutt  amongst  organic  or  carbon 
curupoundM. 

lH<mii-ric  iHxlies  may  be  divide^l  into  two  principal  groups,  namely  : — 
A. — Thi>«o  which  have  the  same  molecular  weight;  and  these  are  sub- 
ided  into:— 

.  Isomeric  bodies,  Btriotly  so  calle<l,  namely,  thoae  which  exhibit 
lalogouH  dncom positions  and  tranwformations  when  heat#*l,  or  subjected 
to  the  ailion  of  the  same  reagents,  and  differ  only  in  physical  propijrtiea. 
Such  is  the  ca«o  with  the  volatile  oils  of  turpentine,  lemons,  junii>er,  etc., 
all  of  which  have  tin*  ei»mp*»Hiti"n  f',rtll,«,  rf*««mble  each  othrr  cloaely  in 
their  rheinirn)  rcflctions,  and  are  diKtinguishe^l  chielly  by  their  <Klor  and 
their  netion  on  polarized  liyht. 

0.  Metamerio  bodies,  whieh,  with  the  same  percentage  oompoei- 
^tion  and  molecular  weight,  exhibit  didsimllar  tranaforraations  nnder  simi- 
|Hir  oircumstancus.     Thus  the  moleuular  formula,  C;,tl,0,,  represenU  three 
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different  iKHltai,  nil  exliibitiiig  dilTorent  luodoft  of  deoompositiun 
intiiKMice  of  cauKtio  alkaht^,  vii. : — 

(1)  PropJMntti  acid,  C'^lI^O.Oil,  wliich  is  converted  by  c&ustio  potadi,it 
ordinarj  tT'uipvrtiturra,  inio  poUmsiuiu  propiunate,  C'^ll^U.OK. 

(2)  Mi'ttiyl  a(H*UU>,  ^'^HjO.oi'Hj,  a  iimitral  liquid   not  act*-^  upon 
potuh  at  ctiminoii  Uuupi^ralurcit,  l>ui  yicldiug,  when  li«?ated  with  it, 
sium  ncvtftty  and  uiuthyl  altxdiul : — 

C^HjO.OCll,  4-  KOH  =  C,H,O.OK  +  CH,.OH. 

(3)  Kthyl  formats,  CHO.OC,!!,,  coiiverte<i  in  lik«  manner,   by  he* 
with  potiwh.  into  pola.ssiniu  forinaU',  CHO.OK.  and  ethyl  alcoliol,  C,Uj.' 

Thenu  tliffo  *H.iiJiiKiiindii  may  be  r«»pre«tfUled   by  the   fullowiii;;  iMUfitil 
tioniLl  fi>riiiiil:ti,  Uif  do(lt*d  linif«  marking  thi;  divisiuu  iulu  riulicli 
oaled  by  titu  ratiuual  formulae  above  ^ivvu  : — 


o=c— 0— CH„ 


0=C— <1— t' — CH, 


u 


PropSobifl  Mill.  Methyl  Acetate.  Ethyl  forinnte. 

Another  kind  ofinetaTnoriBm  Ib  extiibitM  by  the  normal  and  iB<>-alonh( 
and  tlivir  derivaiivi-s,  ihi*  »triU'lureof  which  will  bt-  fxplnin«.Hl  h«<n>aft 

B. — Ciunixjiindft  which  haw  thi'  same  p^Tw^nlago  conij>ositiou,  but  di 
In  nutli'C'ular  wiMj^ht ;  such  bodies  are  wtUwl  polymerlo.  The  m* 
striking  HxanipU  of  polyintri^m  is  ••xhibited  by  the  hydrocarK»n«  C,H 
all  of  whii'h  arr  ninltipK-»  id  (hi-  lowfHt,  nanifly,  nu'thcne.  CH,.  Anutl 
exauiplo  iH  atr<ird)>il  by  n<rtain  natural  volatilo  oils,  whicli  or*'  pnlyiutti 
with  nil  of  tnrpriitiiw,  l',aH|(|.  and  have  the  furmnl*.  T^Hj.,  C^H^. 
All  i>olymi'ric  o««)ii]K^inids  exhiliit  r<*j;ular  <:radatinnRof  boiling  pi>int.  ra| 
deiiHily,  anil  uther  p}iyt>ical  uharacter*),  fruin  the  lowL*4t  to  the  liigbt 
Some  are  idieniifally  isomeric,  cxlnbiting  analogous  Iran^fnrntatinn.s  nm 
similar  circunwlanres,  while  otlnTs  are  metoinerio,  exhibiting  di: 
reaclioiia  under  given  oircamatanoea. 


PHYSICAL  PROPERTIES  OF  CARBON-COMPOrNDS. 

1.  Deoaity  and  Specific  Volume  — It  has  been  already  |>oinl4^ 
(p.  228)  that— with  a  iVw  app.irent  exceptions  dupeudiiig  on  dtK-oni] 
lion  or  dis-HK-ialiou  at  hixh  teiii|>oralure5i — llie  deiisitieft  of  all  cumpnonds 
In  the  gaseous  state  are  projiortional  Ut  ihiMr  moleonlar  weights  ;  rurlher_ 
that,  taking  hydrogen  as  the  unit,  both  of  density  and  of  atondo  wel;;! 
tho  density  of  any  compound  gas  or  rapor  is  equal  to  half  il*  molcci 
weiglit ;  and  eonsequenlW  that  tin-  spi-cine  volume  of  any  mmpound 
or  Vrtpr.r — ihat  in  to  say,  the  (|Uutiem  of  it*  molucular  weight  by  its  di 
— is  i.tinal  to  2. 

In  the  liipiid  and  solid  states  the  relations  bHlwetui  density  and  tooh 
cular  weight  are   lesH  simple  ;    nevt^rtlieless  sumo  very  reinarkabln   l&i 
have  been  mode  out.  depending,  in  the  caao  of  solid  bodies,  chiefly 
isomorphism  (p.  23U). 

In  the  rase  of  c>arb<>n  compounds,  it  is  prineipally  with  referenoe  to  tl 
liquid  state  that  general  rtdatinns  Ix'tween  donsily,  mulevular  wri^'ht, 
Btoniir  (>onHtilution  have  been  diiiixtvtired. 
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T)ie  speoiflo  voiujues  of  Uqaida  are  oomparablM  onljr  at  thu«e  tcinpisra- 
turcii  for  which  tlit'ir  vajH>r-toDsions  ore  iHjual,  Art  at  the  boUiug  poiutA. 
If  the  niitlt'i-ulnr  wrijt^hts  ar-*  l-uiu{ku-h<1  iritli  tho  (It'iiHitiuB  at  Hqiial  tuuipi)- 
ratiin^,  no  nrgular  rflatiiMin  can  im  jwroriveil ;  but  when  the  bauiu  com- 
parUoD  is  ma«lo  at  the  boiling  puiutft  of  the  rusiKotive  liqaids,  acveral 
remarkable  lawk  bc>com«>  apparent.  The  denHtty  of  a  liquid  at  its  boiling 
point  (uinnot  Iw*  asi^'itained  by  direot  experiment,  but  when  tho  dt>nflity 
at  any  une  ptMnt,  say  at  Jd.TiO  C,  baa  hwfa  dpti,'rauned,  and  the  rate  of  ex- 
pansion ii)  alHo  known,  the  dtMuiitr  at  tbtt  boiling  point  may  be  calculated. 

Th4-  moat  iinijoruint  of  thi'50  relationB  ari>  the  tollowlng: — 

1.  lu  houu>l%'Oiu  sorie*  a  dLtTurvuuti  of  CH,  in  Uie  composition  auswera 
to  a  diifereaoe  of  2:£  in  the  ftpeoifiu  volumt* ;  thus  : 

DifTcreoee. 

22 

22 

22 

23 

Hence  It  follows  that  tho  group  CH,  haa  the  specifii'!  V4>lume  22. 

2.  The  aulntitution  of  I  atom  uf  carlion  for  2  at'iniH  nf  hydrogra  makes 
no  alteration  in  tho  sp^rcific  volume  of  a  liquid  oimjiound  : 

Mol.  Wt.    Spectflfl  Volume. 
Ootane,  C;H,,  114  187 

CyiDene,  C^a^u  134  187 


Formic  acid, 

CHA 

Molceul 
Wctgbt 

46 

*r     Spcclflo 
\  oJ  u  me. 

42 

Acetic  acid, 

C,H,0, 

60 

64 

Propionic  aoid 
Butyric  add, 
Valfrrii!  a<!id, 

74 

88 
102 

66 
108 
130 

[or 


ran 


Btbvlio  Pther,  C.II.oO  74  106.8 

Phi-nol,  C,H,0  84  lOfi.8 

Now,  since  the  sppcific  volume  of  CB,  is  22,  and  that  of  1  carbon-atom 
the  sam*^  oa  that  of  2  hydrogi^n-Atnnui,  it  follows  that  the  spocilio  volumu 

atomic  volume)  of  carbon   is  11  and  that  of  hydrogen   O.A. 
Calculating  in  a  similar  manner  thu  siH'cific  volume  of    oxygen    In 

ouii  earlxm-cnmpnnndit,  it  is  found  thnt  this  f'lcment  has  two  spfciflc 
atomir  volumes,  according  as  it  is  nnitt^l  by  boih  its  units  of  affinity 
one  carbon-ntoiu,  an  in  tliif  group  < '^< ),  in  whirh  cane  its  specific  volume 

12.2 :  or  to  two  different  atoms,  in  methyl  alooUul,  O^^C  * ,  and  methyl 

er,   O^T^jj"  ,  in  which  case  tUe  specific  rolnmo  is  7.8.     In  acetic  acid, 

CH, 

I  ,  the  0-atom  wbfch  is  connected  with  a  carbon-atom  alone 

:(J— O— H 

the  specific  volume  12.2,  whilt*  that  joined  to  lioth  H  and  H  has  the 
>cific  volumes  7.8.    If  this  oonifiound  t>e  riiprcsented  as  acelyl-hydroxide, 

'  u  (  ^>  or     '    \|  f  ^>  Ihat  is  to  say,  as  water  in  which  1  atom  of  by- 

'ogen  is  replaced  by  the  radicle  acetyl,  CjHjO.  we  may  say  thnt  tlip  spe- 
volnme  of  the  intra-radical  oxygen  is   12.2,  and   that  of  tht*  exlra- 
oxygpn  7.8 

specific  volume  of  dyad    sulphur    varies  in  a  similar  manner, 

28.6  or  23  ACiNjrdingly  an  the  sulphur-atom  is  united  to  oin.''  atom  of 

ler  element   by  both  its  combining  unita,  or  to  two  i^epartttu  atoms, 

in  thiocarl>onio  *cld,  ^  I S„  or  ff^C-^^^H  •    ^^'^re    the    sulphor 

41^ 
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aU^m  united  with  thu  C  nU'Uv  lias   thv  speoific  vnlumr  2@.ti.  and  tlie  tvt 
otlit'ra,  each  of  which  is  uonnrcted  both  with  C  luid   H.  havi;  the  tycnit 


vol 


23 


Th«  apecifio  Tolamc>  of  nitrogen  in  tb<)  amines,  «.  ^.,  H^C — ^NR,  (iw- 
thyl  ainin**),  it):2.3;  in  cyanoji^eu-compouutla,  17;  and  in  nitroxrl,  ICB 
17.4.  Tht' HiH*cific  ruluin*v  of  tho  haloid  e1otnf*nts  are  the  satD*]^ 
all  their  tviiiijMiuiiilA,  vijt.,  CI  ^  22.8  ;  Br  ^  27.8  ;  I  =  37.5. 

Fruui  thf«i<  data  the  ftpcoiflu  volumea  of  compoands   nm^  be  calonlj 
with  vt^Ty  noftr  appn^arh  I"  Iht*  values  directly  obtained   hy  dtridiri|; 
molecular  wrig;hlii  hy  the  iipecifio  graritiea.     A  comparison  of  the  obM-i 
and   oalcnlattid   voluea  of  a  few  oompoonda   is  given   in  the    foil 
Ubie :— 


k 


Subitanec 


Water  .  .  . 
Mi'tliyl  al(X>hul 
Ethyl  akx^hul  . 
Acelit'  ueid 
AoeU>i)«  .  . 
Butyric  acid  . 
Kthyl  aoetatti . 
Mt.Tcaptau .  . 
Anilinr .  .  . 
Klhvl  cyanide 
Ethyl  ii'itrHtH  . 
Chloroform 
Ethyl  bromide 
EUiyl  iodide    . 


rariDul&- 


11,0 

CUj.O.H 

L'jH^.U.II 

04U/I.OI1 
c,u,o.<).cA 

Cjll.S.H 
C.H^.NH, 
C,H,.CN 
C,H».U.NO, 
.  CIICl, 
C,H,Br 
C,H.I 


SpMifla  Volume*  at  the  BoUins  Polst 


Calculated. 


U-|-4x'i. 

2x114- lix:■ 
2xll^-lx.'• 
sxii-ftix* 

4X114- t*X5 

4X114- !?xr. 

2xll4-*JX'') 
tiXll4-7xft 
Sxll  +  SxA 

2xii4-.ix:» 

11     6x5 

2xii4-5xr. 

2x11  +  ^X5 


54-  7.8 

.54-  7.8 

.54-  7.8 

.54.  7.84-12.2 

.5+  12.2 

.&4-  7.64-12.2 

.54-  7.84-12.2 

.54-23 

.54.  2.3 

.54-17 

.r,4.17.44-3x7-8 

4-  3.2     2X8 
.54-27.8 
.54-37.5 


=    76.2 


Melting  Point  and  Boiling  Point. — .St>lid  carbon-oompoan'U  arc  fur 
thu  imitit  part  cii}>ablc  nC  ni^-Itiiig  witlitmt  dt>c<iitipoiiition,  and  exhibit  fixed 
mL*Uing  |H>iuts.     Mmiy  of  ihuHt<  vrhit;h  aru  liquid  at  ordinary  tviiipfraturea 
boil  and  volutiliie  withuut  dt't'oiupcknition  under  the  ordinnry  atuu»8phe 
prt^iisure,  nuil   their  boiling  tempi'rntures   are  constant  aiider  any  ^i 
preAsur*;.     Many  otbors,  no  the  i:oMtrar3',  when  heated  undt-r  the  urdiii 
prenMure,  decompose  before  they  boil,  but  aoma  of  these  ar<!  found  to 
without  deoonipoaitiou  under  pressures  more  or  less  reiluced. 

Uenerally  8p<.'aking,  the  U>iliti^  point  of  a  compound  is  higher  as 
oonslitutiun  i.4  more  oiinplex.  This  i^  &iH*n  (1>  in  polymerio  com- 
pounds: for  example,  fonulo  aldehyde,  CH,0,  is  a  Ran  :  but  acetic  aoi^^ 
C,H,0»  is  n  liquid  boilinR  at  llbOC.  (244.4C>  F.)  ;  lactic  acid,  C.H.O,,  bo^H 
at  2lH>k^.  (3920  p.).  but  at  the  same  time  dei^ompoites  to  a  great  exteO^H 
and  Krai>e  sii|;:ar.  *\H,,t>,,  is  ni>t  volatile  at  all,  but  undergoes  completvd**  ' 
composition  wlieu  strou^'ly  healed. 

2.  In  theituo«t«b:iiv«  termsof  a  homol«i([ou8  aeries  ,  the  Imiline  pot 
risiug  »ucco»ijivxily  fur  every  ftddiU*>"  ^(  *-'Uy:     In  »*«»»«*  f^^wea  this  inurej 


ir«» 

1 
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|g  Ytfry  n^tgulmr  ;  thi«  lo  the  serira  of  normal  aU-ohols,*  C,H^+,0,  tlieanc- 
ceasive  members,  up  to  the  &-carbon  ulcobol,  <tiifrr  in  lioUiiig  point  by 
nearly  1»^  C.  {'M.'JP  F.)t  an«i  i"  tl*«  nwrmal  fall/  aciUt*,  C.II^O,,  the  dif- 
ferenctf  from  tli«  0*nx>nd  tu  th«  sixth  tenii  is  vvry  nearljr  m«-^,  but  afterwarda 
becomes  less  ;  ju  shown  bj  tbu  following  tmblv  : — 

AloohoU,  C\Hi„+/l. 


Eth>lic. 

C,H-0 

7^.40  c.  (173.10P.) 

Propyl  io, 

C.H.0 

970  c.  (20G.0OF.) 

Butylic, 

C,H„0 

lltPC   (240.8  F.) 

Penlylie. 

c,ii„o 

1370  c.  (278.<PF.) 

H«xylic, 

CeH„0 

156  GO  C.  (313.&0  F.) 

Heptylic, 

C:H,.0 

1770  c.  (350.00  F.) 

Ootyliti, 

C,H„0 

10O-1J12OC.  (374-337.00  P.) 

Nonylie, 

c,u„o 

2000  a  (302OF.) 

Adds 

0„H„0» 

Acotifl, 

C,H,0, 

ngor.  (244.40P.) 

Propioniit, 

r,n,o, 

140.00  C.  (2850  F.) 

Butvric, 

C.I1,0, 

1G3.20  C.  (325.90  p.) 

Valeric, 

c»ii,„o, 

184.50C.  (3M.10F.) 

Caproie, 

C.il.A 

2AM.r»0C.  (408.20  F.) 

Ounant  hylic 

,  r,n„o 

223-2240('.  (434.i;-l35.:SJ  F.) 

Ratio, 

C.II„0, 

2:$2-2340C.  (44:>.G-l53.-jOK.> 

Pelargonic, 

c.n„o. 

253-^54*^  C  (487.4-489.20  j?.) 

In  other  cases,  tho  difleronc«vi  betwopn  tlio  builiii^  points  of  the  snceeu 
eivo  memlKTs  of  a  series  dt'crcaso  by  a  regular  amount  up  to  a  c-<irt.\in 
term,  beyond  whit-li  thi-y  bfonnv  constAut.  TIais,  in  tht*  normal  paraffius, 
C^U^-^,  thu  dilfercnces  decrcaM  rt*»ularly  by  aUml  4-*  ('.  (7.20  F.)  till  a 
constant  diiference  of  19^  C.  (34.20  F.)  is  attained  ;  thus — 


Butane, 

Pentane, 

Hexane, 

Hoptane, 

Ootane, 

Dodtfcane, 

Ucxdcoane, 


C,H„ 
CjH,4 

c.n,. 

C.JU 


BoillDff  point, 

10 

3tO 

700 

9tK> 

124;> 

202^ 

2710 


Diffbreoee, 

370 
320 

250 

4xl»o 
4xH>o 


^ 


In  the  haloid  Hhers  and  acetic  ethers  of  tho  aloohol-railicles,  C^^Hf^^.., 
tho  differences  of  boiling  point  doorcase  by  about  '^^  as  shown  In  the  fol- 
lowing tablu  : — 


Radicles. 


Met hTl,  OH, 
Elhyl,  Crfj 
Pr.ii.yl,  C,U, 
Uutyl.  C\H, 
Poniyl,  OsH„ 
llcxyl,  t;,Hi, 
Oo»yl.'    cJhI; 


Chlorides, 


BmmlileB, 


12J^.  M.fi°F.  aw. 

40  4^      116  5^        7H 

T7(r»    ni  7®    100  4» 


SM^      >se» 


in 


lOS^F. 


Iodides. 


40^0. 

10  J' 

taB.e^ 

KM" 


10  PP. 

lei.fl-^ 

214  (P 

ao6so 

9M  |o 


Arct^tps, 
C.He.-h.C.lX,0, 


74FV. 
1020 
ISA  10 

1C8.;» 
iOT^ 


iw.rF. 

?6T.a«» 

404  «> 


•  Xorm%l  esrtton-eompoands  sre  tho«fl  In  whl«h  »ill  the  Mrbon-ntomswre  linked 
tn^vther  in  n  «tn|fle  ctialn,  «.  if.,  auruint  butji  alcolioi,  OH^— *-3W*— *-'Hi— *^lli*^H. 
(Sue  UV080CAttBOa»l  AbCiMlULS,  rt«.) 
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Metamcric   curoiiuuu tl y   contaiiiiii^   Biioilarly  constituLMl    radii 
boil  lur  thd  inudt  \tturl  ut  Dearl/  i}4UAi  tvmporaturps,  e.  t/.^ 


Formula,  C,H„0^        Bolllnf  Point. 
But.vl  (iwUitf,       134.5'>C,  256.1-^?, 
Pwt»yl  pruprion- 

ale,  122.40       252.30 

Ethyl  biityrato,    121.«P       25(l.ti^3 


FormulA,  ('^U^^f^y,        BoiUnf  Poial. 
Plenty  I  awtnUt,     14**.  4^  0.  2tf9.loI 
Butyl  propion- 

&ltt,  146.0O       2»4.0> 

Propyl  bulyrate,  143.4^       29U.P 


Thosft,  on  thii  nthor  hftnrl,  whioh  dontnin  ditferontly  onnstitulcd  ri&djdll 
Iwil  (it  (UlToriMU  tt'mpt'riilur*'S,  liw   tNuling  point  being  lower  ft*  Ihi;  t.t 
fiouml  has  a  moru  complex  mustitution,  or,  in  other  wonls,  mb  it  cont 
a  grvAtor  number  And  varinty  of  rodiolefi:  In  the  batyl  jdoobols,  for 
ajnplu : — 

Bolllof^  poinL 
C,H,.OH  11(PC.  240-90  F. 

C,H,(C!IOrOH  108O        22G.40 

(CIJ0((:,U4)CH.OH      960       203O 
C(CIl,>j,.()U  »a»        197.<P 


Normal  butyl  Alcohol, 
Isobutyl  alcobol, 
S<MN)n(lary  i-utyl  alcohol, 
Tertiary  butyl* alcohol, 


Subtraction  of  hydrogen  generally  raiae«  the  boiling  pointy  «-^-. 

Huptano,  C-II,,  Hcptcae,  C,H,j  Ueptin**,  CM.. 

990C.  (210.2^ P.)  lOtPC.  (2120 F.)  107OC,  (224.tJOF.) 

Hydrocarbons  always  boil  at  lower  temperaturos  than  their  eubstitatic 
dorivativL*s,  the  bolliug  p<»int  rising  in  proportion  as  a  groat^r  amoiunt 
hydr()gi>n  is  di^plocLnl. 

aT 

M 

I E 


£ 


f  Ethvl  chloride,  CjHjCl 
I'lPC.  (SU.G^F.) 
Ethvi  alcohol,  C^H^.OH 

78.4^0.  (173.10  1'.) 

Aootic  acid,  ('.H^O.DU 

U80C.  (S44.40F.) 

Chlorobenwno,  Dichloro^wnzr-ne, 

t.HftCn  C,H,t'l, 

1353  c,  (2750  F.)       1720  C.  (IMl.CO  F.) 


Etheno  ohlorido,  aH.CI- 

82.5^0.  (180.r»OK.) 
Bthene  alcohol,  C|H,(OIl). 

11)7.50  C.  (.1^7.5^  P.) 
Chloraoetic  acid,  C,H,C10.0H 
ISfiO  C.  (3bd.80  F.) 

Trichlorobei 
210O  C,  (410O 


Amidobciuene,  C-HjCNH-}  Diamidobeniene,  C,H,<NH_), 

182°  C.  <259.tiO  P.)  2870  C.  (M8.60  P.) 


OPTICAL  PROPERTraS. 


Refractive  Power.— Tn  the  chapter  on  Lioht  (p.  84)  It  has  been  ^ 
pl,iiui3tl  thai  ihf  index  of  refraction  of  any  trnnaparent  substance,  that 
to  sav,  the  ratio  of  tba  nine  of  the  angle  of  incidence  to  the  aine  of  " 
angle* of  refraction,  is  a  wufitanl  quantity,  bo  long  as  the  density  of 
Bubstanoe  remains  constant : — 


■in  > 


With  Tariation  of  density  (^0.  ""'^  tluTcfori'  nlso  with  rariation  of  Ut 
perature,  the  index  of  refraction  likewise  paries:  but  iL  has  b«eu  founi 


^m 
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hy  exmut  obserration  made  on  a  lar^e  numtwr  of  sabstauoes  at  diiToruut 
temperatures,  that  the  ^uanlit^ 


^flfflS^ 


d 


ihespeoiflo  rofractire  energy,  U  ooiiHtant  for  all  tenpcrft- 
tart*A ;  and  tliiH  (juantity  uiutiplitnl  hy  Ihtf  uiolccular  weight  of  the  sub- 
stances, giv08  the  mulucular  refractivv  euvrgy  or  refracttou- 
etj  ui  r  aluut . 

Till!  rulalioua  U<*tweeu  L'humieal  coiu|M)8iLion  ami  rnfractivo  ent^rgy  have 
been  ijtadiud  uUielly  iu  UkIIus  uf  the  fatly  group  (iut'thane-derivatiVL>ii}, 
and  tbtj  following  g«*Doral  laws  have  Iwl'ii  cslaliliiiliod  :^ 

1.  Jsoriurie  bodicf  tuive  in  tnuaif  ittatanceM  eqtuti  rvj'racliwt-t^mimlfntn, 

2.  /n  cmttfuMUiiU  tirlnmjiiiy  Iu  the.  wi/iie  lumuUinjoua  iirrtes,  tltti  rvjraciioH'tqwvuftmt 
iltcrtau:*,  iiiaUcu»fx,/(>r  tulil/rrtncf  oj  {.'H,,  htf  a  uvariy  equal  amount ;  the  mean 
tuertmettl  in  ihej'aU if  alcohols  and  uciW««  etc..  beintf  7.00. 

3.  y*«  rfj'raction-rrjuivalrn/  of  a  mUtttre  or  cwnpound  iV  ffjwtl  to  the  $um  of  tkt 
r«/Vfir/(V/«-*v/u(ivi/pBf«  of  iff  roiMfxtnents. 

This  last  law  ^tves  tlic  moans  of  diHerminiug  the  refraction-t^quivalenta 
of  clemeats  from  those  of  their  compounds,  the  method  of  caleulution  being 
similar  to  that  adopted  in  the  deteriiiinntion  of  the  Hpct-itlc  voluniefi  of  the 
elftiuentfl  (p.  48S).  In  the  hoinologoua  fatty  alcohols  and  acids,  the  nieau 
Talues  of  the  refravliou-equivalents  of  curLxju,  hydrogen,  and  oxygen  are 
td  to  be — 

C  H  0 

5.(K)  1.30  3.00 

moans  of  these  vnlncs  the  refraction-equivalent  of  a  t-ompound  of  cur- 
in,  hydrogen,  and  oxygen,  may  be  enluuUted  from  the  formula 

U  =.  mr  4-   m'r'  -f  «"r", 

rhero  m,  m\  m",  denote  the  dudiImts  uf  atoms  of  the  three  elements,  and 
rj  r',  r",  their  rofraction-equivalmls. 
Thus,  for  ulhyl- alcohol,  C,H,0,  the  calculated  Talue  b 

the  other  hand,  direct  observation  gives 


0.7904;     «  »  1.3G0G:      th/ryfcre 


0.452Q 


and  multiplying  this   niiniU^r  hy  40,  tbo  inolecular  weifcht  of  aleohnl.  we 
nhltiin  fnr  the  refraotinii-equivalont  th«  nurnlM-r  20,rt,  agnn'ing  exactly  with 

^^^e  e:LlouIate<i  value. 

^B  lu  like  manuer  for  aoetio  aoid,  C|II|0,,  we  have 

B  2x5-1-4x1.3   +    2x3   =   21.2, 

^^■nd  for  the  direct  determinatiou — 

^F  d  =   1.053;     n    »    1.372;     mol.  wt.    -=  60. 

^H|te 


terefore< 


w— 1 
d 


X  ti(»  °r  0.3533  X  60  1-  21.2. 


^^^onstiti 
^^|ke  det 


The  specific  refractive  energy  of  a  mixture  is  the  me.iii   of  that  of  Ita 

nstituenta,  so  that  if  we  know  what  oomponnds  are  present  in  a  mixture. 

determination  of  thd  speciflo  rofraotive  energy  of  the  mixture  (Ihoae  of 
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the  vomponniitB  Inking  known)  atTonU  tli»^  nti<aiis  of  estitiiatiiig  tiie  ijUAnt 
of  each.  For  exainplo,  a  lutxtiiro  of  81.3  per  wnl.  amyl  altx)bi>l,  C^Ui 
and  lti.7  ethyl  jiiiHjhol,  C',llgi>,  woj)  fuuuil  tu  have  oji  iud«ix   of  refri 

wUioh  g&vu  .^^^  a*  0.4il40.     Now  Lhomoduof  u&lculalion  aboT«  ex] 

d 

0.4528,   &nd  for    oiuyl   aluohol,    0. 


girea  for  ethyl  nIooUol  — -— 

n 

Hentw,  putting  x  nml  jr  fur  th^  rulativti  (|uaiititie«  of  ethyl  ajid  amyl  alw- 
bols  in  Utu  mixturu,  wa  havo  thu  two  vquatioi 


0,4528  X 


y     a     100 
0.5033  y     ss  49.4 


N 


whence  x  ■■  18.4 ;  y  : 
titiM  aoluaLly  mixed. 


81.5,  values  agreoiog  very  nearly  with  the  q 


This  method  of  o|)tical   analysis   alTords  a  oouvenicct  method  of  d 
mining  thi*   propurtJuns  in  which  any  two  gubfttaucM)  are  luiJctMl,  in  c. 
whttn  a  aei>Aratiun  of  the    two   catinut   easily  he   utToctvd   by  LlifOiiea 
physical  mean*,  an  whou   th**y  ditrer  tint  («lightly  iu   boiling  point,  sol 
bility,  or   othor   quality  which    might  otht^rwiite   be   arailablu   fur    Ihi 
BtiparatiiMi. 

The  composition  of  chemical  oompouuda  may,  lu  many  oases,  be  de 
minted  in  a  ttimilnr  manner. 

In  ctirtain  ficrieti  of  cArbon  compounds,  vis.,  the  hydrocarbons  of 
ariimatio  group,  including  tu>nz*^ne,  C^H^,  and  it«  humologuc« — in  th« 
Herit*j}  of  organic  hoL»t.-A  homolngmi!)  witli  pyrulau!,  CjllgX,  and  chinoline, 
C,H,N — and  in  certain  osidiztni  t-sseutial  oils,  th«  rofraotion-equivalei 
ar<5  found  to  be  L-oii>iidi-rubly  higher  than  those  calculati>d  na  above  f. 
the  values  of  the  ek-menta.  Thi^  deviations  from  tho  normal  valu»« 
hibit  a  certain  regularity,  depending  on  the  composition,  which,  fur  IhA 
typical  hydrocarbona  of  the  Hevoral  aeries,  may  \m  represented  aa  fuUuws  :-^ 


Refract  Ion 

equlvaleat. 

Paraffina,                C.H^+, 

Normal 

Olefins.                  C„H5„ 

Terpenea,                C^II^-^ 

-f    3 

Benzem*  and  its  )  ,,  ., 
homalogner',     /'«"^-* 

+    6 

Naphthalene,          C,„ll, 

+  u 

Antlinuene,            *^'u11|b 

+  17 

Similar  relations  are  exhibited  by  a  Berles  of  oxidized  compouDda,  dif- 
fering from  one  another  only  iji  their  amount  of  hydrogen  :— 


Peppermint  camphor,  CjoH^O 
Dihydrateof  cajeputene,  C,„lJi^n 
Wormwood  oil,  <^ioH|t'* 

Carrol  r,„!I,/) 

Anelhol,  tr,uU„0 


Normal 


-I-  1 
-f  « 
+  13 


Clrctilar  PolariEatlon. — The  power  of  turning  the  plane  of  polar!] 
tion  ol  a  ray  of  tij^hl  to  the  riKhi  or  lo  the  l.ri,  jKissessifi  by  many  eArl 
eonipounda,  even  in  the  liquid  9tflt<>  or  In  HoUilion,  has  already  l>e«<u  n» 
Dtrntionwl  in  the  clinpter  >>n  Lioht  (p.  93),  which  alao  i-rtntains  a  deiscri] 
tlou  and  ftj;nre  of  an  instrument  uaed  for  measuring  the  amount  of  tl 
power.  Subalances  po8t?i.*ssin^  Ihiii  jtower  are  said  to  be  o  p  l  j  o  a  1 
active,    or    to    possess    optical     rotatory    power,    dextro* 


mk 
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Isvo-;  saoh  are  amyl  alcohol,  tnrpentlne  oil,  camphor^  varions  kinds  of 
BUgar,  and  itevvral  vegetable  nuids  and  ulkuluids. 

The  angle  of  rolAlion  (•)  for  auy  jiarlicutar  TAy  of  the  spedram,  th« 
line  D,  for  exainpU- — produced  hv  Any  particular  liquid,  is  pntporiional  to 
the  length  of  the  i-»ilntnn  of  lujui^l  traversed  Uy  the  rav,  tmd  to  the  (|aan- 
tity  of  mitivc  subBtouoe  coutaiucd  lu  it ;  aud  the  quauuty  [«],  givuu  hy 
the  expresatou 


[•1 


a* 


in  which  m  \»  the  observed  anglo  of  rutatiou,  i  the  welglit  of  sabstance  In 
1  gram  uf  the  twilutluu,  }  the  HpefiKt-  gravity  of  the  sulutiuii,  and  /  Iho 
length  of  the  column  (in  dev-imeteris).  is  ciiLlt^  Iht?  spet-ific  rotatory 
power.     It  itf  i^jn»Lant  fur  eurh  Hulnttiinet'  al  a  givvii  ttnuperature. 

For  example,  hydiitHolving  il.Ml  grama  of  grape>augar  ui  ttH.tj53  grams 
of  water,  a  solution  is  obtaineil,  having  a  spuviUo  gravity  of  l.U4tf,  and 
produoing  in  a  lubu  '2  deciuieters  long,  a  rotation  of  13.7^.  Henco,  lUe 
luolocalar  rotatory  power  of  grape-sugar  is  given  by  the  equation, 

13.7 


[•] 


O.U347x2Xl-l>W 


»  S7.S. 


Cord 


The  power  of  clnmlar  polarUatian  app*«ars  to  depend  on  a  certain  want 

lymmelry  in  the  mideuuUnt  of  tlm  ai-tive  rtulK4tanei-,  and  in  rryntallited 

ieti   it  is   usually  associiitiHl  with   the  existenet!  of   hemihedral    faces. 

»  connection  is  strikingly  exhibited   by  (be  isomeric  boilies,  tartariu 

raceude  acid.  C,n,<>,.     Kacemio  ueid,  the  crystals  of  which  are  holo- 

ral,  has  nn  aution  or  p«4arixed  light;  but,  by  (rrtniii  pnwessvs  to  be 

plaine<l   hereafler   (see   TAKTARir  Ann),  it  may  l>e  separated   into   two 

rueric  ncida,  called  dcxlro-  and  Itcvo-tartarit.*  acid.-*,  the  former  of  which 

inary  tartaric  acid)  turns    tlir   plane  of  polarization  to  thp  right,  the 

tter  to  the  left  ;  and  the  crystals  of  these  noids  are  iiorfectly  similar  in 

n,  exc^'ptiiig    that    they  pttssess    c-ertain    hemihedral    faces,  occupying 

K>site  positions  on  the  crystal,  so  thnt  the  two  crystals  are  md  snper- 

ible,  but  are  related  to  one  another  like  the  two  hands,  or  the  two  sides 

the  face,  or  an  object  and  its  reflected  inmpe.     Moreover,  the  union  of 

e»e   two  oyifKjsitely  acti\*e  tartaric  acids   prepro'liires  racemie  aeid  with 

ori^nnl  properties,  optically  inactive,  and  forming  holohedral  crystals. 

Artillcially  prepared  carbon  comywunds  are,  for  the  most  part,  active  or 

active,  aecordioK  to  the  character  t*f  the  cr>in|)oiindH  from  whieh  they  are 

rived.     Thus  malic  acid,  prepar*^  by  the  action  of  hydriodic  acid  on 

rtaric  acid,  or  t>y  that  of  nitrous  acid  on  asparagin  or  on  optically  active 

partic  aoid,  is  ilstdf  optically  active,  likn  thi*  malic  acid  of  fruits  ;   but 

active  aspartio  acid  heated  with  nitrous  acid,  yields  a  malic  arid  which 

as  no  action  on  fHilarizfd  light.     Re4*ently,  however,  it  has  b«'en  found 

ifti  innciivR  tartaric  acid  may  l>o  converted  by  a  strong  heat  into  dextro- 

rtaric  acid. 


in 
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Metbane-Derivatives,  or    Fatty   Oronp, 
HTDROCARBONS. 

FiBST  SbRIBS,  *^'»**bi-fT — ^  ABAFPIBTS.* 

Tuia  seriea,  aa  alreadj  obscrTed,  wusista  of  aataratMl    hrdrncarbon. 

The  name*  and  formulas  of  tlu'  tirsl  six  art*  givt-ii  in  the  tabU*  no  pagr  -ITS  i 
tbe  frillowing  tcrnu  majr  be  called.  Uptaat,  octawj  monane,  cfnunc, 
docfffooae,  «tc. 


I 


Ocewrcnee  and  Formation. — Many  of  Iho  paraffins  oocar  readr  fol 
Atu'.Ticati   pt'troluiim  And  other  mineral  oiU  of  eimilar  ori^n^     Tbvr  arv 
foruK'd  ariiliciall^'  by  th»*  following  i>ro(.'*H»«: — 

1.  Uy  tbv  ■itnoltaueous  action  of  zinc  ami  watvr  on  the  alooholio  iodidtf 
(p.  47»>,  ottnn»ounda  derivfd  from  tln-se  samu  hvdrocarbous  by  the  aal 
tution  of  onu  atom  of  iodine  fur  hydrogen. 

Tills  reaction,  wliich  appt-ars  to  hv  applicable  to  the  formation  of 
whole  aeries  of  paraffins,  ia  repreaentcd  by  thi^  general  equntion  : 


ZnH,0,  +  Znl,  + 


Pitra 


am  II. 


AlcunoUo 
iodide. 

Ab   an   example,  we    may    take  the  formation  of  ethane   from 
iodide : — 

2L-,!lj[  =  Zn,  +  2U,0 


ZnH.O,  4-  Znl,  +  2C,H 


2.  AH  Ibe  imralHiis  uiHv  he  prod^icfd  by  h<_*aling  the  alooholie  iodides 
Willi  xinc  alone  (itin<;rally  sptiiking.  howcvi;r,  two  of  thejte  liydrocarboos 
an*  uhtaint-d  logetbcr,  the  tirht  pnMtnt-t  of  the  reaction  living  a  parafia 
oontainln>;  twice  aa  many  lyirlnm  alnnut  as  the  aU-oholtc  ioitide  emploj  ^" 
and  thiM  cnnjpound  being  tlien  partly  resolved  into  the  paraffin  coul 
liair  this  numbor  of  carbon  atoma,  and  the  correspcmding  olefine,  CJ 
thus  : — 

2r,H.I    +     Zn     =    Znl,    +     C.H,, 
Ethyl  iodide.  QuArtsae. 


Quartaoe. 


Etbenc.        £than& 


Generally : — 


2C.Hfc-hI  4-  Zn  ^  Znl, 


:^  Pv  the  electrolysia  of  tbo  fatty  acids  (^'..HinO,).  For  example,  a  ao- 
^|flU\H  x^f  iHitAHMinm  acetate,  dividend  into  two  pnrlN  by  a  porous  diaphragm 
jiblljhi  t^nrii  b.vdro^en.  together  with  (Hita^^h,  at  the  negative  ph*ctrode,  and 
^  %lii*   |MwMlvii   I'liH'trmle    (if  of  pinlinuu)  a   mixture  of  carbon  dioxide 

»',H.O,    =    2CO,    +    r,ii,    -f 


11,. 


|Rtllc«tlOK  t^^»l^^hemlcnl  infliffereni'e.    The  n*me  pfirnffln 

1*1  tUf  *nlir1  comiioundii  or  the  serlei,  on  kccoudI  of  thlt 

rnit  rompounda  of  thf  unmr  ifrln*  ire  known  eoa- 

-Min  «>nirnt,  thrreforr,  to  employ  the  tern  parsJOn 


^IL 


A 


PARAFFINS. 


Wb  may  suppo9*«  that  the  two  molpicnlttt  of  awtlc  iidd  «•<»  resolved  by  thu 
curiYiit  into  H,  And  C^H^O^,  ami  that  the  latter  then  apUla  up  into  2CU, 
ftod  CgH^.     The  general  rcAcUou  U  :-— 

ac^U^O,    +    2C0,    +    c^-,H^_,    +    H,. 

4.  Some  of  the  paraffins  are  obtained  from  the  acids  of  the  aeriefl 
H^H,  Oj  and  C^H^—jOj.  by  the  action  of  alkalii-s.  which  abstract  carimn 
dioxide  from  those  acids,  the  liydnHrnrlwn  thiii*  eliminated  containing  one 
or  two  atnniH  of  carbon  less  than  thn  acid  fmm  wlii<;h  it  in  pmdufV'd.  In 
ihiA  nianmT  methane  (manth-gae)  i»  obtained  by  heating  pcitassium  aoe- 
talv  with  potadsiuiu  hydroxide  (p.  1G4). 


C,U,0,K 


CII4, 


AUo,  hexane  and  octane,  by  similar  treatment  nf  the  potasBium  salla  of 
aalMiriu  acid,  C,H|,0,,  and  8uba4;io  ai'id,  *^^n»Higl>4 : — 

^.n„o,  -f-   2HK0  —   ac'o.is  -I-   c,n„ 

Subcmle.  Ucxnao. 

2HK0 


c«n„o,K,  -I- 

Stibiite. 


2C0.K,    -f     (VI,. 
Octane. 


1y  Hpeaking.  however,  a  furtli(?r  deoomiwdition  takes  place,  re«nlt- 
th»  formntion  of  liydrooarbouji  containing  a  smaller  pruporliuu  of 
drogen  than  the-  paraffins. 

The  paraffins  may  aUo  be  producsed  fh>m  the  olefinee,  C,H,^,  by  00m- 

ning    the    latter  with    bromine,  and    lieatin^;    the   rcHuUin^    wm^Kiund, 

^  H,  Br,,  with  a  mixture  of  potiisitium  iwlidL*,  water,  ami  metalliu  copper. 

The  bromine  compiiund  h  then  decompoiied,  and  the  hydrocarbim,  C'^H^m 

is   partly  n-produwi   in  the   free  State,  partly  converted,  by  addition  of 

ydrogf-n,  into  a  paraffin. 

6.  Sevural  of  th«  pamffins  are  prodaoed  by  the  dry  or  dettmctive  diatiU 
tiun  of  butyratt?^  and  aci-tateH. 

7.  Thoy  are  also  found  amonpit  the  pro«loots  of  the  dry  dibtillation  of 
I,  espeeially  Iloghead  and  Cannul  eoal,  and,  as  alrcaily  otiscn'^,  they 

natiCute  the  principal  portion  of  many  miuera]  oils,  callM  petroivum, 
\phtfui,  or  rocl--oU,  formed  by  the  gradiiiil  decay  or  decompoHiLion  of  vege- 
ble  miitter  beneath  tliM  earth's  snrface.  By  far  the  largest  quantities 
of  thtfiie  oils  ore  obtained  from  Canada.  Pennsylvania,  and  other  parta  of 
North  Amerii^a.  Abundant  petroleum  springs  exist,  also,  on  the  north- 
west of  the  Caspian  Sea,  near  Baku,  at  Kangtion  in  Uunuah,  and  in 
varioud  parts  of  Italy.  The  American  petroleum  consiflts  almoiit  wholly 
of  paraffins.  Rnrmese  tar  contains,  also,  jtmall  quantities  of  hydrocarbuun 
belonging  to  other  series,  (Specially  homohigues  of  benxene. 

Properties  and  Reactwm*  0/  the  flmT#nji.— Mftliano,  ethane,  propane,  and 
batane  are  gaseouH  at  ordinary  lemy.eraturee  ;  most  nf  the  others  are 
liquiilfl,  regularly  inoreaainjr  in  spiM-ifie  gravity,  viscidity,   Iwiling  point, 

id  v.-ii>or-den8ity,  as  their  moleeular  weiirht  Iwcom.'fi  greater;  those  wm- 

ining  2(»  carU.u-atoma  or  more  are  cry.ttnlline  anlida. 

The  paraffins  are  saturated  hydrocarlxms,  incapable  of  uniting  directly 
with  monatomio  elements  or  radicles,  bat  they  easily  yi.M  snbatitiition- 
denvatlves.  When  subjectwl  to  th.»  nrtion  of  rhifn-inf  or  hnminf.  they  give 
up  a  part,  or  in  some  cases  the  whole,  of  their  hvdrngen  in  exchange  for 
the  halogen  element.  Thus  equal  volumes  of  chlorine  and  methane.  CH,, 
exposed  to  diffwHed  dnylisrht,  yield  the  compniuid  rH,n.  rallwl  ehloro. 
methane  or  methyl  chloride  ;  and  by  further  snbie^-ling  thi?*  pn^not 
I^JJ  tl»e  ajainn  of  an  exccea  of  chlorine  in  direct  sunshine,  it  may  bo  Buct^es- 


I 
I 
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•ivtil^  oonverlMi   into  the  mnw   hij;hly  clilorinjitMl   cmnpotiniift  CO, 
CHCl,,  CX\.     Klhaiir,  r,Hj,  al«o  vicltU,  by  a  siTJi**  uf  prfivsa*-*  to  iv 
nvnily  dc»cribcd,  tlio  piiHliicis  C,HjCl,  CjHjCl,,  C,H,CI,,  C,U,».'1«,   C,U 
anilC|Cl«;    and  similarly  fur  ihv  ulher  outnpuunila  of  the  scritrs.     Thi 
boiliei},    whicb  may  hv   regan^iml   as   compounds  of  clilorine   And  01 
1iAli>gt;n  Dleint'nU  with  the  radloloa  (CH,)',  (Cll,)",  (CU)'",  elr.,  arc  .yU! 
haloed   etbors.     Wht-u  treated  with  watur  or  aqui-uus  alkaliits.  t 
oxchnngo  tho  haloid  element  for  an  txpiivalfnt  qnantit/  of  hydn'Xjl,  (U 
thiTcliy  producing  alwliols  (p,  48(l)  ;  and,  on  tho  other  hand,  lh»*,v  umy 
formfMl  froiu   tli»*  ulcuhuU   by  the  action  of  the  phloridvs,    bruxnid««,  Aud 
iodidi'4»  of  li/tlrogi^n  or  phoephorus. 

Xitric  ncid  attaokn  the  bi^^her  members  of  the  paraffin  fterlrs,  fonniii; 
nitro-cotnpoundB  ;    ot^tane,  CgH,,,  thua  treated,  yiiirlds  tht*  compo 
C-H„(NO-).     Tho  lower  parnflius,  ou  the  other  hand,  arc  not  allftrt*^! 
nitrio  aciil  ;   but  by  indireet  meniw  coinpoundit  may  be  formod,  having 
tiom^Mwition  of  paraffins  in  which  the  hydrogen  is  more  or  b«a  replaced 
niiril  :    for  uxample,  nitro-mf thane,  C'H,(>'03)  ;    trinitrvmrJhaae  or  nitn/t 

Tho  first  three  hydrocarljona  of  the  serieSf  y\z.,  CH,.  t^H,,  C,Hg,  exhibit 
exactly  the  (tame  pliyBic*!  and  chemical  propvrtiea  in  wliatever  vrajr  tbey 
muy  bo  prepared :  and  indeed  the  constitutional  liorinnlie  of  these  bodies^ 
vU: 


niiiy 

4 


cn» 


CH, 


sboT  th&t  thej  are  not  snsecptible  of  isomeric  modifications,  JnAsmnoh  m 
tlieru  iit  Imt  ona  way  in  which  the  carbon-atom  in  either  of  them  can  be 
grouped ;  in  othane  luich  carbon-atoin  is  direelly  cnni)>iued  with  thrr«  hr- 
drogen-atoms  atid  tho  other  carbon-atnm ;  bud  trhother  wo  roj 
ethyl  hyiJride,  11 — fH,CH,.  or  as  dimethyl,  llj*' — (_"Hj,  this  arraj 
remains  the  8auie.  In  propane,  C,H,,  each  o-arlKin-atom  ia  direct^ 
bined  with  at  moHt  two  ulher  carbon -atoow,  and  tfaerv  iu  nQ  other  way 
which  the  atomH  can  1»  arranged. 

But  if  wc  \if(iU  at  th<?  formula  of  the  4--carbon  paraffin,  C^Rjoi  we  Bee 
it  may  be  writlt.>n  in  either  uf  the  folluwing  fuiui;*  :— 


CII, 


(.ni. 


I 

CU. 


CH. 


V 
CE 

CH. 


tn  the  first  of  which,  neither  of  th«  carbon-Atoms  is  dlreetly  united  w 
more  than  two  othere,  whereas,  in  the  second,  one  of  the  rarlKin-atoms 
directly  eombineil  with  thre**  others.    Tho  firet  may  he  represented,  cilhl 

as  propt^l-mcthanf,    *   i  fj  '  i  H  I  H        fOttathrtk 

HgC,.C,H„  according  to  the  manner  in  which  wo  may  suppose  it  to  be 
Tided  ;  the  second  as  trimethyl-metkaM^  ^  {  H     '     1  ^'  '^  igt^roptfl- 
(^{CHCCHO,  ,  the  rsdldfl  f^(rH,),  »M<ing  called  I  sop  ropy  I,  todistin 
gntsh  it  from  normal  propyl,  C}I,(C^Hg). 


A 
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A  ooTDparlfiim  of  the  modra  of  formation  and  dooompoeilion  of  all  tbti 
parafTiiift  which  liave  Iteen  obtain*^  by  di*fintte  rvavtions  abowa  tbal  tbej 
may  b**  armniiftHl  lu  the  four  following  groups  : — * 

1.  Normal  Pararfius,  in  which  twcb  carbon-atuin  is  dirortiy  con- 
nected wilb,  at  ciioAt.  tu-o  nthfM*  earttoii-Atuiuii,  nr  which  contain  tJte  V'^^P 
or  residue  CII,  (lucthuno),  associated  with  two  mouatomic  atcohol-radiclHd, 

^^L        DimehtbyUuiethane,  C 


Ifethjrl-propyl  mi^thanet 


cUii. 


or 


H,C<" 

<CH,C1I,CH, 


2.  IsoparaffinR,  in  which  one  rarbon-atoni  ia  directly  unittwl  with 
three  othar  carbon-atums,  or  in  which  Iho  irivalent  group  nr  r<?»idue,  C'U 
(methenyl),  is  afutociated  with  thrco  laouatomic  radiolea,  C^H„-|.i,  e.^., 

Trlmethyl-methaue  i  ^^{1*^*    °^     HC^ChJ 


\cn; 


BULyldimethyI-methan«,         C 


^      li 


.CH.CH, 


\CII, 


3.   Keoparaffina,  in  which  one  carbon-atom  1b  directly  united  with 
/ottr  other  oarlwn-atoma,  or,  in  other  worda,  with  four  oionutomie  radiol(*«, 

CH, 


Tetramethyl-methanei 


CCCHj)^        or 


U,C-J*- 


■H. 


L. 


Dinaethyl-^iethyl-methane,  C 


(CH,), 


or 


C11,CH, 
H,r— C— CH, 


TJ»e  paraffina  of  these  three  cinssefl  are  constmcled  on  the  methane  type. 

4.  Mean  paraffins,  in  which  two  iiiethc?nyl  groups,  having  their  car- 

>n-atnin8  linked  together  by  one  combining  unit,  are  eaeh  associated  with 

monatomic  radiolea,  C„II,„+l.     These  paraffina  are,  thereforo,  oon- 


loted  on  the  ethane  typ«. 


Tetramethyl  ethane 


f.y. 


HCH, 


HC(CH,), 

lUCCH,),. 


dTlJ 


The  paraffins  of  the  first  and  s^icnnd  clfl.is  hare  for  inme  lime  been 
tinpnifih<'4  nn  nnmuil  iind  im-jnroffins,  ntul  Pr.  (Jdlinp  huH  Iftk'Iy  propitst'd  to 
diHtlnguirth  lh«  third  <bivH  by  th«  prufix  nm  (from  tt»c.  new,  as  U-ing  the 
lateat  discovered),  and  the  fourth  by  the  pretix  ««w>,  intiumting  ihbir  iu- 

*  B^horlemnari  Proeeedlngi  of  the  Royal  Soclaly*  aW  S4,aS7. 
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UvnifKliati*  ch&racter,  lUf  aanoaifttod  with  tho  tso-paraffins  in  ooutainiaf  tbi 
residuti  CU,  and  with  the  nuo-poraffiiui  in  containing  four  alcnhol 
Ho  also  RuggHsU  nil  alibreviiittHl  iiolutiim,  ef>nsii»tiu;,r  in  tht>  uao  of 
lctt«*rs  r,  T.  and  fA,  an  imiicos  uf  the  Ibu-,  uuo-,  luul  uitsso-parufliiia  riMj 
for  «xauplti : 


.H.C| 


C,H„ 
Bestaoe. 

CH,CH,CH, 


laohexasB. 

f  C'HgCHaCH| 
HC  {  ClI, 
^CH, 


Nrobex&ne. 
.CH,CH, 

cJrH, 


Meaohexaae 

OH, 


CO, 


iCU 


laomrrUm  in  the  Subi^itutiim-^erivatices  of  the  IhniJ^nM.—'li  haa  already  Iw 
Stated  that  the  parafllnH  can  fxchauge  onu  or  intiro  of  their  hydn>gcn>4k(oni 
for  various  rluuirnU  and  oompouud  radicles,  CI,  Br,  0,  OH,  NO,,  etc.,  giring 
rise  to  alcohols  nnd  L'thi>rs.  Conftniug  our  attr>ntion  for  the  prt«vut  to  tli« 
monatomio  derivatives,  that  in  to  a&y,  those  in  which  I  attjm  n(  hrdrogBft 
ia  roplnctid  hy  a  univalent  radicle  X,  it  u  obvioua  that  the  first  two  hjr^v* 
carbona  of  thu  iiiiriee 

CO, 

C„n^-K.vii.,CH,and   | 

CH, 


can  each   give  riae  to  oaljr  ouo  deriratil 


onntainlng  aur  particular  monatomtc  radicle,  these  deriTatirai  being  f*- 

apofltivoly  represented  bjr  tlie  formulflD— 


CHaX 


and 


CH,X 


for  sup[>nsing,  as  in  most  probable,  that  nil  the  hydrogen •atotoa  hare  tb« 
sami*  value,  and  are  atLaolied  to  their  r^wpui'tive  carbon-atuuu  ui  the  ftamc 
way,  tht>  result  of  the  subtititutiini  niuat  Iw  the  same,  whiehfvor  of  tbcM. 
hydrof^en-Atomfl  may  bn  thu-t  replac4>d.    But  with  all  the  paraffins  ooul 
Ing  more  than  two  atoms  of  cart>on,  tho  caae  is  dilTorent.    Thus,  in  propane 
CMj — C'll^— CH,.  the  sulMlitution  may  take  place  either  in  one  of  th< 
lerl<ir  xrntipti  Ctlj,  or  in  tho  middlu  group  CU,,  giving  rise  to  two  derin 
tivett  of  dilferent  Ktructure.  distinguimhed   by  the  terms  primary 
■  ecoudary,  vii.. 

Primary.  Secondary. 

en. 

CHX 


I 


en. 


CHj 


In  the  primary  derivative,  the  carlxm  atom  joined  to  the  radicle  S 
ooanocteti  immtMliately  with  only  one  other  carbon  atom  ;  in  the  secuudaryj 
derivative,  it  in  linked  to  two  other  carbon  atoms.     Those  are  the  only' 
po5!tlblH  rntxliflealionH  of  a  nionntumic  derivative  of  the  3-carboQ  parafln, 
CjUg;  they  may  Uf  more  shortly  repreacuted  by  the  formula} 


cn.x 


H,C 


^^n, 


HXC 


^CH, 

^k;h,. 


«  Phllotophleal  Mag«i)a«  [&],  i.  aoft. 
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The  4-cftrbon  pvailln,  batane.  tdmitB  of  a  givftt«r  nmnber  <3t  modes  of 
■abstitutiou.  In  tb^  fint  pUoc,  tho  hjrdrocarbDii  Iteolf  is  tutoaptible  uf 
two  zuodLticalioiu,  vix: — 


I 


CHr-CH,-«Hi— CH, 


CH,— CH 


< 


NoratU  buUn«. 


Iiohutaar  or 
Trine  tbyl-nrtbAac. 

prom  the  first  mny  btt  fnrmt^  on«  primary  and  one  secoDd&rjr  der[TatIr«f 
thiiitii  temi!!  having  thtUDcaning  iibovi<  MxpUiut^  ;  whili?  tU»^  svrcmd  /iclds 
another  primary  tlcricativc.  and  likoiris.'  ft  trrliarg  Jerivative,  In  which 
the  carhnn  atom  joined  to  the  riultolv  X  i.-t  joined  alw  lo  three  other  atom* 
of  carbon.  Tbwd  four  durivaliviM  are  repreitentvd  hy  th«  foUoiriiig 
ftwrnals  :— 


Primary, 


8«aoxulAry, 


Tert 


Normal  CH,— CJI,— CH^— CH,X 


Lkk 


JJ>^CU— CII,X  or 

CU<— CHX— CH^-CH,      or 


H.C 


HC 


C,H,X 

n\.\ 

(Oil  J, 


uxc 


yp^CX— CH, 


(CH, 
XC?CH, 


The  two  primary  derivatives  are  distingaished  by  containing  the  radicles 
normal  propyl,  C'll, — LIH^ — CH, —  and  iaopropyl  — -CH(CHg),  r.-speclirHy. 

Of  the  four  monatomie  tmtatii*  di*rivativufl,  the  nonual  primary  and  tbe 
gecDndary  are  deriTud  from  nonuAl  butaiie,  the  iso-priatary  and  the  ter- 
tiary from  isobutane. 

The  higher  paraffins  yield  a  larger  number  of  mnnalomio  derivativfls 
Bocording  to  the  nature  of  the  radicles  which  enter  into  their  constitution  ; 
in  other  words,  acoording  aa  they  are  either  normal,  i.  «.,  have  all  their 
oaxbon  atoms  in  &  single  chain,  or  contain  une  or  more  Uoprt)pyl  groups, 

[C^pu'  ;    bat  these  derivatives  most  all  be  either  primary,  svoondary, 

'or  tertiary  ;  for  the  carbon  atom  joined  to  the  railiole  X,  hnvin)^  one  rrf  Its 
combining  units  thus  disjxwt-^l  of,  hai  only  thrn'  rrmaininj;,  ami  rannnt 
therefore  be  Joine<l  to  a  numlH-r  of  otli«'r  carbon  atomit  frreat«'r  than  three. 
In  other  wordi,  the  replacement  of  an  H<atom  hy  the  radicle  X  mast  take 
place  either  in  a  methyl  reaiduH,  CH„  a  methene  rMidne,  CHg,  nt  a  me- 
thenyl  rf«idne,  CU,  pruduoiug  respectively  a  primary,  secondary,  or  ter- 
tiary derivative. 


r  Dr.  Odling  denotes  the  neeondary  and  tertiary  derivatives  by  the  pn'- 
flxoa  pteufif*  and  kata,  diatinf;iii<thinf;  aUo  the  latter  by  the  Index  a,  and 
the  former  by  the  indirtw  w  and  4t  according  as  they  contain  a  normal  or 
an  iao-radivle,  thi 


Primary, 


Prntyl  (0,H„). 


H.C{^.».^ 


iBopentyl  (C,Hf,). 


Pieadopentyl  (CsHJ). 
Pseado,  XlIC  i  ^j{^' 


HO 


?f;n, 

^pentyl 
(CH, 


NeopPDlyl  (0|H*», 
CH.X 


PaeudlM>p«ntyl  (0»hJ)' 
.CH, 
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W«  now  proceed  to  dworlbe  th«  more  imporUnt  of  the  indJridai] 

Methane,  CI7^,  rIso  called  Afetkyl  hydride  and  Marth-^aM^  ii  romed 
by  pjtfwiit^f  a  mixture  of  hydrogen  sulphide  and  vapor  ot  carbon  dcisl- 
pliide  OTur  red-hot  cupper  :— 

20^  +  C-S,  -J-  4Cu,  «  CU,  +  4Ca^  ; 

aUo,  by  Um  ftotion  of  w«t«r  od  Kiac-methyt : — 

Zn(CH^  +  H,0  «*  2CH,  -|-  ZnO. 

The  eftsiest  method  of  prp]tarin}i;  it,  however,  is  to  heat  a  mixture  cl 
dry  sodium  aceut«  and  soda-liuie  (p.  1(}&): — 

CIL  H  ^ 


J 


ocya 


Na- 


Vrthaiio  i«  also  ppodnt»Hj  in  the  slow  deoey  of  vegetable  sub^t&necs, 
is  found  in  o<>at   mint's  ad  firt*'danip,  also  in  marslx-h  and  ^la^nant  pii 
fnmi  which  it  may  Iw  t«vuJved  as  gas  by  stirring  the  mud.     Lastly,  it] 
firnii'd   by  the  dry  distillatiun  of  various  organic  substanucs,  and 
tho  chief  coogtituent  of  cosl-gas. 

Mothone  is  a  colorless  imxioroas  gas  which  bnras  with  a  yellow  fli 

prwhiciug  water  and  carbon  dioxide.     Its  density  compared  with  faydni 

aa  unity  is  8,  showinK  that  th«  muttfculu  CH,  has  the  normal  ^roli 

12  +  4  X  1 
condensation,  ^ **  8.     When  a  mixtar©  of  pqual  volumes 

nifthant'  and  chlorine  is  exposed  to  sunahine,  an  explosion  lakvs  ph 
hyJn»Kt'n  rhioride  being  formed,  and  carbon  separated  ;  but  in  dtfft 
davUuht  the  Aotjon  ^oh^  on  slowly,  and  ^uWlitution  iirtNlucts  aro  foi 
tU.    monot^hlonunethane  or  mctiiyl    chloride.  CUjCl,  and  with   exccns 
ohlorine.  ftU'>  the  compounds,  CH,C1,  and  CllCl,. 


Bth 


«ae.  C-TTflOr  n,r — TH,. — Tliis  cnmjwnnd,  whieh  may  also  be 
4J,  dimHkyi,  or  as  ftktfl  h/rhide,  VM^M  Cp.  4!»4),  is  fonnt*d  by  I  _ 
„  t**!"!!*'"*  slrt'sdy  inrlicnt.M  (p.  4f>*i),  vi«..  by  the  action  of  sine  and 
^  t»\Tl  (O'lide;  of  itinc  alone  on  the  8«nieei>m|K>nnd.  and  on  methyl 
■>,,.  el**4-trolysiH  of  a<vtie  aefd.  or  rather  of  its  potoasii — 
.•p.ired  in  the  pure  atate  by  deoom^»o*inp  zinc-ethyl 
ilv  by  heating  acetic  anhydride  with  barium  dioxide: 

^>,0  4-  BaO,  =  C,H,  +  (C,H,0,)iB»  +  SCO,. 

\%\\\  inodoronn  j:as  which  has  not  hern  lignefted. 

..  ,t,.r   <t*luMe  in  almiit  two-thirds  of  its  rolumol 
il  voloioe  of  ehlorine,  and  exposed  to  dilTui 
,  ,e  or  ethyl  chloride,  C,H,Cl ;  with 
(Ncodacts  are  formed. 


i^i^ 


1^ 


PARAFFINS. 


4»9 


Propane,  rjl^aern, — CH^ — rTTj,  also  cAlled  Metkyt-Hkyl,  In  one  of 
tlio  uuiijilidjiMith  of  pc'trolouni,  anJ  luny  1w  prtxltiri<(l  by  tht*  acti^inof  sino 
%ad  hyiirrK-hlurio  ocifl  on  propyl  itHliiii*  or  isopntpryl  io^iiHe.  It  ia  a  k** 
wlucb  liqnoflcs  At  — 2*P  C.  ( — 40  F.>,  aud  duiwh'et]  iu  une-ebclb  oi 
roiume  of  alcohot. 


L  Butanes,  CJI^. — Of  thrse  onrnponnds,  also  callod  tttrann  or  faar^ 

\      lane*,  llierv  art)  two  mixlifications^  vtz.  :- 


CH,— CIV-CHj— CH, 

NormAl  butaoa. 


CH,-CH<^J|« 
laobuUDD  or  Trlmcttiylmethaov. 


!•  Normal  hutan»,  Oielhyi,  or  ;t/rfA^/-/)rff/>y/,  occurs  in  natu- 
ral ptitrolmim,  anil  in  thodiAtitlntion-produHH  of  C'nnn**ranrl  Boplu'Afl  cnal. 
U  may  Im*  fommd  eynthutioally  by  beating  ethyl  iodide  to  10<P  In  soalod 
tabes  with  zliio : 

2C,njI  4-  Zn  —  Znl,  +  C,H„. 

It  ia  a  rolorlPM  ^aii,  which  condensen  tn-low  OO  to  a  liquid  boiling  at  +  '■ 
lfiz«d  with  an  ixjual  volniuD  of  chU>rin4;,  aud  exposed  to  light,  ityitilds  butyl 
chloride  aud  olbvr  aub«titution-|)rudueta. 

I$obutane,  Trimtthifl'methnne^  or  Metk^l-itoproptfl ,  \a(oTme^ 
from  ti^rtiary  butyl  iodidt;,  (CH,)jCI  (p.  497),  liy  tbi*  acliun  uf  tino  and 
hydruchluric  acid.     It  ia  a  gaa  wtiich  liqufGi^u  at  — 17^  C.  (1.4'^  P.). 


I 


Pentanea,  CJl,,.— Of  these  hydrocarbons  there  are  three  modifica- 

us,  vii. : — 

1.  Normal  Pentane  .         .     CH^— CH^— CH,— CU,— CH. 


%  laopentane. 
3.  Keopentana 


S:^<^<^^: 


1.  Normal  Pentane^  or  Eth^l-propift ,  C-Rj — fiHt'  *>cru'»  ^n  pe- 
troleum, and  iu  the  li^'ht  othf  of  Boghead  and  Tanntd  t-oal,  but  baa  not 
been  pr(!par>->d  ftvnihinically.  It  i«  a  liquid  of  BptH-illc'  gravity  0.6,  and 
boiling  ata7-31K>i;.  (ilH.(P-l(V2.:PF.).  On  passing  rhlorino  into  its  vapor, 
a  primary  and  a  iiecondary  chloride  are  formed,  from  which,  V;y  a  rvaclion 
to  t>e  hereafter  deaeribed,  the  corresponding  alcohols  may  be  prepared. 

2.  f»opentane  ]lk«wifle  occurs  in  petroleum,  and  may  be  pr(*parod  by 
dehydration  nf  iflojM-ntyl  aUxtbol  (ordinary  niuyl  alcohol),  or  by  b'.-ating 
the  corresponding  iodide  with  water  aud  aiuo. 

3.  NeopeHtang,  or  Tffrnmelhifl-methanet  Is  formed  b^  the  aotlon 
of  alnc-methyl  on  tertiary  butyl  iodide  : — 

2C(CHa),I  4-  Zn(CH,),  —  Znl,  -f  2C'(f  n,),. 

It  is  a  oolorlcM  mobile  liquid,  which  boils  at  9.50  C.  (AS.iP  P.),  and  Bolidifl«8 
at  — 20O  C.  ( — 4^  P.)  to  crystals  resembling  sal  ammoniac. 


Hexanaa,  C|H„.— Of  these  paraffins,  flv«  are  possible,  and  four  are 

known ; — 


1.  Normal  Ilexane 


CHj— CH,— CH<— CII^— CH^-CB, 
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2.  Iiohsxane, 


3.  NeolidxAna 


4.  Mdaohcx&ne 


HC(CH,), 


1.  Normal    fffrarif,    or   Dipro/tyl,  oocnrs  (n  the  Hf^ht  oils 
hoad  And  Cnnnol  eoiil.  and  Abundantly  in  I'uunsvlvaiiiati  petroleuiiL.    HI 
fonm-d  hy  IIh^  notion  nf  .Hodiiim  on  nomial  propyl  iodido.  or  hy  that  of: 
ftnd  Uydr'Kjhloric  acid  nn  sinxiudary  huxyl  Lodido  ;  also  by  distiUiu^  sal 
auid  with  buriuxu  uxide: — 

C.H„0,  +  2BoO  —  2C0,Btt  +  C.H„. 

It  has  a  density  of  0.63  at  170  C.  (()2,60  F,),  and  botU  at  70-710  C,  Ol 
-169.80  F.). 

2.  Innheraney   Propyl-iUmnthyt-viethan*^  or   Kthtfl^itohutyK 
foruiml  bv  the  action  or  noiLiuiu  on  a  mixture  of  othvl  iudidu  and  iaobul 
iodide,  c'iUI— C'II(Ctl^),.     It  has  a  density  of  0.702  a(  OO,  uid  boila  at 
fl2^C.  (U3.GOF.). 

3.  KenkexnnCy   or  Ethyl-trimtthijl-mctkant^    produced    by 
action  of  zinc-niutbyl  on  tertiary  butyl  iodide,  boibi  at  460  c.(  113C  F.). 

4.  Meinhexant,  or  Di-itapropyl ,  formod  by  the  action  of  sodium 
on  isopropyl  iodide,  IUC(CU^,,  has  a  dcuKily  of  0.677  tX  0°,  and  buila 
680C.  (13tf.40F.)« 


Heptanes,  <';H,(.     Of  those  hydrocarbons  nine  are  possible  and  four 
ari^  kiiiiwu,  viz. : 

1.  Normal  heptane^  ClTj — (rHj)^ — CH,,  is   oontainod   in    Pennsj 
Tunian  potrolcum,  and  in  the  liy:ht  oils  uf  Boghead  and  Cannel  coal, 
may  b«  fomiwl  bv  distilling  azelaic  add,  r,II,(;<)|,  with  barium  nxidf*. 
has  a  density  of  0.713  at  ItP  c.  (tiO.BOF.),  and  Iwla  at  9BO  C.  (208.40 

2.  Etkyl-isopentyt.oT  FAhtjl-nmyi,  CH5.CH,.Cn,XH,.CH(CH,)i 
variety  nf  )!iohuplHn<\  im  forniod  by  the  autiou  uf  sodium  ou  a  mixtare 
6lhyl-ir)dide  and  isnpontyl  iodido : 

C.njI  -\-  CH,I.Cn,.CH(CH,),4-  Na,  =  2XaI+  C,Hi.CH,.CH,.CH<CHOr 
It  has  a  density  of  0.663  at  180  C.  (64.4°  P.),  and  boils  at  900  c.  (1»40  P.). 


3.    rria/A^f-mfl/Aantf.CH,— CH,— Cn<JJ}»^^».    another    variety 

of  isoheptane,  Is  formed  by  the  aotion  of  xino^lhyl  on  orthofonoic  eti 
(see  FoKUic  Ethkrs). 


2CH(OC,H0, 
Orthorormlo  ether. 


+ 


3Zn(C,Hj), 

Zlnc'«thjrl. 


3Zn(0C,n,), 
Zlnc-etliylnie. 


-I-    2rH(r,Ho,. 

Trlethyl-niethana, 


on  aeM 


4.     iJintt^t h  tff'di rth yl -methane ^     or     Neoheptane, 

n™C>*^<^H'IIrn''  '"   ^°'''"*^  ^  ^'»«  **^*''"  ^'  xino-t»lhyl 

ohloride,  (CuJ.CCl,.     It  has  a  density  of  0.689  at  27©  C.  (80.00  F.),  and 

boiU  at  96^  C.  f204.8O  p.^. 


PABAmXS. 
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The  higher  pAraffinnharftbArti  but  little  ax uninfld.  Normal  ootftni*, 
C,H,B,  boUing  nt  I'Z^  C.  (2il5.:iO  p.),  and  having  a  density  of  0.7t>:i,  f»rr;ur» 
ill  petroleum,  And  is  fi>rint*il— ( I)  by  IU»  uetutu  of  ziiic  aud  liydrochlurio 
acid  OQ  iiunuul  r^'tyl  io'lide  ;  (2)  by  thi>  actiun  uf  tttMlium  od  normal  bulyl 
iodide;  hnncv  it  uuty  be  rtfifiirdtrd.  um  dibntyi,  C,H^X\\\^. — Ui-itohut^l^ 
(CHj),CH — CHj — C:H, — ('ll(rll,>„  olitainii!  by  the  aitnm  uf  acNtiuni  on 
iaobutyl  iodide,  ban  a  dvuaily  oft*.  705,  and  boils  &t  10^  C.  (22l».2P  F.)- 

Di-i»optHltfl,  C«Un,  obtained  from  th«  iodide  of  i»opentyl  (ordiuary 
an^l),  baa  a  duusity  of  0.77U,  aud  boiU  at  Ij^o  t'.  (31t).-^  F.)* 

The  parAffins  of  the  bighor  ord^ra  are  found,  togotlipr  with  tbono  alrrady 
meotioneit,  iit  natural  p«'tr(kk'um,  aud  in  the  light  uiU  nhtainrd  by  the 
action  of  beat  ou  variouM  Iciuds  of  cool,  especially  Bogliuad  aud  Caunel 
coal. 

la  moat  of  thetw  productji,  howeTer,  they  arc  mixed  with  hydrocnrtoni 
belonging  to  other  Horiea  ;  and  to  Meparnte  tb«m  from  thefie,  the  urude 
petroii^um  or  ooal-tar  oil  is  mixod  with  airong  Hulphurio  acid,  which  re- 
moves the  ole(lnt.f)  and  other  uon-saluratml  hydrocarl[x)iii!i,  and  aflcrwardfl 
with  fuming  nitric  acid,  or  a  mixture  of  atrong  nitric  and  sulphuric  ncids. 
The  hydrocnrbiins  uf  the  benzene  Bcricts,  and  all  other  com|>uunila  except 
the  parafiina,  are  thereby  oxidixe*!  or  convert4*d  into  nttro-conijxiinds, 
which  are  either  dii»&ulved  hy  the  acid,  or  are  much  lefts  vdlatile  than  the 
iiydnx:nrlMjnii.  The  uiU  are  then  washed  with  water,  dried  over  caoatio 
potOAh,  and  rectified  over  KCKliiim.  The  dJHtillate  ItiuK  obtained  cininiata 
wholly  of  paraffiui),  which  are  Heparated  by  fractional  diKtillalion. 

When  thus  pnritiorl  the  pKlroIeuui  aud  c-oal-oil  paruHins,  whicli  boil  be- 
tween iiO  and  I'MtO  c.  (2(i(i'0  F.)  am  found  to  consittt  uf  twu  Hcriea ;  thoa« 
of  the  first  aurim,  which  hare  the  higher  lK>iling  points,  being  norninl, 
^Vbile  tbo««  of  the  .teconit  agren  for  the  nimt  part  in  boiling  point  witli  tlie 
'responding  synthetically  prepared  inoparaJKna.  Tb«  irailing  pointa  ot 
m  two  HeritM  ore  as  fuUuWB  : — 

Kormal.  lao. 

(32- F.) 

ltH).40  30O  c.  (  8flO  p.) 

15(J.20  ei"^        141.8 

206.40  no       m,.8 

255.20  1160         244.4 

The  boiling  pointJi  and  Bpecifle  gravities  of  the  higher  parafl^na  of  nn- 
luwn  Btruuture,  ubtoiued  from  the  name  Huurcen,  are  an  fuUowH  : — 

Boiling  point.  Siwolflo  grmvltj. 

13«— 13f^-  C.  <27rt.3— 280.2°  F.)     0.741  at  15©  C. 


Batone, 

C|Hu 

oo 

Pen  Lane, 

c^u,, 

380 

Hexane, 

C*a»i. 

6DO 

Heptane, 

r,H„ 

980 

Octane, 

C.H, 

1240 

lonane, 
Decana, 

Bndecane, 

Dodecnne, 

Tridecane, 

Tetrodecane, 

PentadecanOf 


160_HJ2O 

18l»— i>MO 
196— 2<^P 
21(t— 2180 
2.1B— 24(lo 
25&— 2G0O 


320    —SZi.iP 
35fi    — 3G3.20 
3g4.8_302O 
42o.« — 1210 
456.  t! — 104=^ 
490    — 50OO 


0,7ft: 


IfrO 


0.76S  "  1*P 
0.776  "  20O 
0.792  **  20O 


American  petroleom  l{kf»wlfte  yields  a  quantity  of  liquid  boiling  aboTe 
300O,  and  doubtle«s  containing  paraffins  of  still  hii;ber  order.  Some  «pe- 
oimens  of  tlie  crude  oil.  a*  it  insueH  from  tli*'  Ki''>und,  contnin  ethane,  i\\i^, 
and  propane,  CyHf^t  which  are  given  off  fnMii  it  an  gofl  at  ordinary  tempera- 
tnre«.  In  boring  for  oil  aUo,  Inrgo  qujintitics  of  gas  <»s*enpe,  exhibiting 
the  oharact«r8  of  methane :  hence,  it    i«  probable  that,  in  tb*  great  gt*o- 

Kicai  ahanges  which  have  given  rise  to  the  fleparallon  of  the  petmletiiu, 
<  whole  series  of  parafBna  have  been  formed,  from  marsh-gas  upwards. 
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i^fAUl  paralBn  is  a  oolorleu  oryBtslline  fatty  Bnbetimoe,  probaU 
Bisling  of  a  mixture  of  ttevt-ro]  of  the  Iiiglifrmi'ni!»«-'rs  <<r  ih*'  sp-rir« 
Wlieii  liuftti'il  for  Romt*  titii«)  in  a  SfaUtl  tutje,  it  i»  rritnlvf^l,  with 
uo  tfviilulion  of  gftji,  into  a  mixture  of  tilt* Itiuta  aitil  puratfiiis  of  Imwi 
ciilnr  Wright,  which  rmnain  liquid  At  oriliuary  teinjH-rHturKiB.     This  tri 
furmatiou  is  (*nMily  uuderatwKl :    Ihu  bydrm-iirlMin,   C^H^,,    for   exam] 
might  be  rwmlvi-d  into  ('jH,,-|-CnK,o,  or  (^'i^In+CnU^,  or  C^U 
etc.,  tho  general  i.*quatiou  of  the  decumpositiuu  bfing, 


Pflrnflla. 


Paratnn. 


Ole&Dv. 


^ 


Th«  product  aotual  \y  obtaiued  h  a  uixiare  of  several  paralBns  and  8ei 

Paraffin  Is  found  nativn  in  tho  coal-measures ,  and  other  bitnioinc 
strata,  constituting  the  minernls  knnwn  a»  JwtnU  irar,  oxorrriVr,  hnirkrtt 
etc.  It  t^sci.Htit  nisn  in  the  »tat«*  of  solution  in  nianv  kindf^  of  }»ftn>lt<ul 
anil  may  Iw  si'iia rated  hv  diiitilling  off  the  luort;  volatile  jwrtiints,  and 
posing  thi*  rLMoainder  lii  a  low  t>_-ni]>erntun!.  lu  a  similar  tuanucr  al.so 
solid  paratHn  be  obtained  from  the  tar  of  wood,  coal,  aud  bituminous  t>\u 
It  was  flmt  prepari'ci  by  Keichentiarh  from  wood-tar.  It  is  to.sudi'^s 
tuodoroufl,  iniiolublo  in  water,  slightly  soluble  in  alcohol,  freely  in  eth 
and  miscible  iu  all  proportions,  when  melted,  with  flxtnl  or  rolatilr 
It  harn»  with  a  very  bright  flame,  and  thane  varieties  of  it  whieh  melt 
temperatures  alwvf  4.10  (;.  (li:io  f.j  are  very  hard,  and  well  adapt* 
making  (.'Hudle,^.  I'ltratllit  i.s  largely  uf<(*d  alt>o  n»  a  BulwLitnle  for  isulphl 
for  dipping  matohe;) ;  and  I>r.  Slenhoude  has  patente^l  itA  application 
woollen  dolli»,  to  increase  their  strength  and  make  thrm  waterpi 
More  extensive,  however,  are  the  uses  of  tho  liquid  compounds  of 
parafllne  series,  known  in  eomiuerie  as  paraffin  oil,  photogrnr,  4olar 
eufiiitne^  ote.  Those  oils  are  largely  used  for  burning  in  lamps  ;  and,  wl 
mixed  with  fatty  oils,  such  as  rape  and  cotton-s(»ed  oils,  form  excelli 
materinU  for  lubricating  machinery.  For  the  former  purpose  they 
exceediui^ly  well  adiiptt^^i,  :m,  with  a  jjmper  Hupply  of  air,  they  giro 
mui?h  brighter  light  than  that  obtained  from  fatty  oils  containing  ovygt 
and  are  much  cleaner  in  use. 

It  is  neccissary  to  olmerve,  however,  that  natural  petrolenm  and  the 
obtained  by  the  dry  distillation  of  ivial,  etc.,  at  low  lemperalnres, 
mixtures  of  a  great  number  of  paraffins  diliering  greatly  in  vi^latility, 
that  lo  render  them  safe  for  burning   in    l.imps  of  ordinary  conslructi* 
thi'y  must  be  fnW  by  dintillntion  from  the  mora  volatile  inembers  of  t| 
series;  olherwiife  they  will    take   fire  too  easily,  and  when   they  be- 
beatecl,  will  give  olT  liighly  inHainninble  rajmrs,  whieh,  mixing  with  II 
air  in  the  iMxIy  of  tho  lamp,  may   t^asily  prwluee  dangerously  explostf 
mixtures  ;  serious  acoidents  have  inde<»l  arisen  from  this  caus**.     It 
been  found  by  experienc^j  that  it  is  not  safe  to  use  paraffin  oil  which  wl 
take  fire  on  the  application  of  a  match  and  bum  coutinuoasly  at  a  tem- 
perature below  3H  C.  (10t).4O  F.). 


SscoiTD  SaniBs,  C^n^. — OLMFursa. 

Tho  hydrocarbons  of  this  series  are  ]H>ly merit':,  as  well  as  homoh 
with  one  another,  iuaaumi-ii  as  (lieir  funnulit*  are  all  nxacl  multij  _ 

that  of  llie  lowtssl,  CU|.     The  lower  uiemher^  of  the  seriL-^  are  gaseous  al- 


*  Thorpe  sad  Y  ou  ng  (Berichte  tier  deul««bea  obenlsoheD  fnellftc-,  1871^  p. 
U6). 


OLEFINES. 


503 


ordln&r7  tomperatares,  the  higher  tnemben  nrc  folM,  luid  the  intermediate 
coin|>ounds  liquid.  The  naro^  And  formiilir  of  the  known  meniburs  of  the 
olcAne  Sfj'iea  are  gireu  in  the  fuUowiug  tabU  : — 

Ktht-ne        or     Kthyleno C^H^ 

Vro(M*no       or     FrnpyU*ne  .....  CgH^ 

TetrwUt?,  Butfiu.%  or  iiutylune ^\H, 

Prnt«ny       or     Aiuyh^ne 'j^'w 

Hcxcu«       or     Ht'xylone *^«H|, 

Ueptene      or     lloptyUine  .....  ^t^^n 

Octene  or     Octyl^ntt ^'i^'tt 

I^otiene        or     Nr>n_vl<<iiv  ..,,,.  ^'b^is 

Dttcene        or     roramylcne ^  i«"io 

Uexd«eene  or    Cetenc ^-u^n 

C«rot4»ne ^n^ 

Ut'Une        or     MHisaene ^^ 

Hetheitf,  CH,,  th<<  lownitt  tfrm  of  th«  series,  does  not  appear  to  be  capa- 
ble of  existing  hi  lh<<  ttoparali*  stnte. 

Formation  of  the  Otr^finft, — I.  By  abfitrAction  of  the  olomcnta  of  wat«r 
from  the  alcohoU  of  the  «prie«  C^H^^+J),  honiologoits  with  common  alco- 
hol, imilff  thp  int1in-nc«  of  iMiwrrfiil  ththydratiii};  ngunt£,  such  aa  oil  of 
riiriol,  phosphoric  oxide,  or  eiiio  chloride  ;  thus  : — 

c,[i,o      -      11,0      -      c,n, 

Ethyl  Klcuhol.  Water  Elbeoe. 

2.  By  heating  the  mnuatomlo  haloM  ethers,  Coli,Q4.,Br,  etc.,  with  alco> 
holic  solotion  of  potofih,  or  by  po.'ffiing  thuir  vaporsi  over  lime  at  a  dull 
rod  heal ; — 

C-H.Br     4-     KOU     a     C-IT,     +     H,0     4-     KBr. 
Ethyl^broDittle.  Elnane. 

2C,n,.Cl     +     CaO     =     2C,II,o    +     H,0     -f-     CaCl,. 
Pen tyl  chloride.  Penleae. 

The  secondary  and  tertiary  almliolfl,  find  thidr  hnloTd  Pthers  are  oon- 
rert*Hi  iiilo  ult^Huf^,  by  thia  aiid  tho  jirfoeding  n^actions,  more  readily  than 
u-  primary  alcohoU.  The  liif^hiT  nIcnhnN  of  the  «t»no!t,  ('bH^^+^O,  un- 
TgothlH  rhangf  when  mendy  hi'fttcd  ;  wtyl  alcohol,  C,bIIj,<^,  for  example, 
reaolvtfd  by  diHttUation  into  H./>  and  cHliint*,  r„Hj,. 

3.  By  the  deooupckHition  of  thn  paralBiiH,  at  Ihp  moment  of  their  forma- 
lon,  by  tlie  action  of  zinc  or  snilium  un  tho  nlcoholiu  iodidcM  of  the  muna<l 
|c4>hoI-radiclet(,  C„H,^+  i   (si'l*  p.  4I1*J). 

4.  By  ihe  action  of  the  ttamtj  iodides  on  the  eoditim-compoands  of  the 
leraiiicltti;   for  example: 

aH.i      -f      r,njNa     =     Nai     -I-     r,n,     +     c,h,. 

Krhrl  Sodium  So'Iliim  Etbrne.  Etitaoe. 

Iodide.  ethyl.  lodiile. 

5.  By  decoTOpoflition  nf  thp  hydroxides  of  ammnninm  hasPS  containing 
»ur  atoms  of  a  m'-uiad  alcnhol-radii.-le  (p.   -IMO}^  these  compounds    when 

kted  splitting  up  into  a  tertiary  mnnamine  (p.  4^7)  and  an  oleBne  ;  thi 

N(C,n),(HO)       =       N(C,HO,      4-       H,0       -f       C,H,. 
TeirethylFimmoa-  Trlethyl-  Water.  Etheae. 

lura  hydroxide.  fttnlne. 

6.  OU'flues  are  formed  by  the  decomposition  of  acetates  and  butyrates  nt 
red  heat,  diatilling  over,  together  with  sereral  other  prodncla,  from  which 


I 

I 

I 
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tilt*/  are  sepAratcd  by  combining  them  with  brom{n«,  uid  beating  th«  n- 
suiting  hnimine-oonipouoda,  ^ti''ts^''t>  ^  ^7^  with  copper,  wsUff,  «id 
potAHfliuiu  iodi'le.  In  tlii^  maiinur  Bertbulut  has  obtaiuvd  uUivDe,  propMf, 
bul«ue,  aud  pt'ntene. 

7.  B^  viectrol/ata  of  the  alk&Ii-s&lts  of  bibaslc  toids.*  e,  y, 

c,n.      +      2C0,      H- 


Suociuko  acid. 


H.. 


8.  By  heating  the  diatomic  halo'id  ethers^  C.H^Cl,,  et«.,  with  sodii 


9.  Several  of  the  olefines  may  be  produced  by  direct  synthesis  fromothir 
hydrocarbons  «f  »irnpU*r  cotistitntiou,  or  their  haloid  derivatives. 

s.    Kthoue  ia  farmed  by  lUc  autioii  of  naaceut  hydi*ogt*n  upon  trflmwor 
acclyleue: 

C,H,  -I-  H,  -  C^4 

B.  Prupene,  C,U«,  is  formc*d  by  passing  a  mixture  of  methane  and  carboa 
monuxido  (03cyniethtin«}  through  a  red-hot  tube : 

2CH,  +  CO  —  H,0  4-  C,H,. 

Also  by  the  action  of  tricliloromethane  (chloroform)  on  sine  «tbide; 

2CHC1,  -*-  3Zn(C,Hj),  »  SZnCl,  +  4C,H,  -f-  2CH,. 

y.  Pentcne,  C^Hjo,  or  ft  romponnd  isomeric  or  pnlymerio  with  It,  Is 
by  the  aotioD  uf  ziuo  ethiUe  uu  propenyl  (allyl)  iiHlide : 

2C,U»I  +  Zn(C,H»),  «  Znl,  -f-  aC^H,,. 

CfiMtitutiftn  and  fteactiooti  of  the  Ote/infs. — Those  hydrocarboiw  in  the 
Btatt)  may  be  8upp<>:»efl  to  have  uui<  pair  of  their  carlKm-atomfl  linked 
getber  by  two  cx>mbiniug  units ,  thus : 


k 


Etheae. 


CH, 

B 

CH 

I 

CH, 

Propena, 


In  all  the  higher  in<m»>H'r8  of  the  serif*  tliia  strnotnm  admits  of 
mofli  float  in  iiR  ;  three  for  butene,  five  fur  peuteno,  etc.,  as  will  praseat4y< 
furthtT  tMjnaiderod. 

With  two  carlton-atoras  thus  doubly  linked,  the  olefines  preaeot  the 
poorance  of  saturated  molecules  incapalde  of  uniting  with  monat 
elemontit  or  radicloi!.  Under  thu  iiitliience  of  ehloriue,  brtmnne.  and  iod 
liuwerer,  they  undergo  a  change  of  tttruoture,  the  double  linking  of 
two  earlton-.ilomfl  Ih'ing  partly  broken  tip,  8o  that  thefte  atoms  rem. 
united  by  one  e^jmhining  unit  nnly,  and  the  hydrocarlwn  becomes  a  bi» 
lent  radicle,  capable  of  taking  up  2  atoms  uf  chlorine,  bromine,  etc.,  thus: 

CH,  CHjCl 

II         +       CTl,       =        I 


CH, 


;ii,ci 


la: 

4 


The  resulting  diatomio  ethers,  tn^atM  with  silrer  acetate  or  potantVB^, 

acetate,  exchange  Iheir  bromine  for  an  equivalent  ipiontity  of  the  halw^ 
residue  of  the  acetate,  C^HjO,  (p.  481),  giving  ria«  to  diatomic  aueiic  «ihi 
tliua : 
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CC,H,)Br, 
Ethcne 


2C,H,0,K 

•cptstr. 


2KBr      + 
PotKialum 

bromtile. 


Etheoe 


bromide. 

id  IhirflM  fthern,  dUtilled  with  a  caustio  alkali,  jMd  diatomic  alooholii 
mild  ;   for  exiuuple  : 

4-    2Kao    =    2r,ii,o,K     4-     (r,n,)(OH),. 


Eitivnv 
dlacaUle. 


Piitntmliiiii 
MAtC. 


Klhrne 

Alcohol. 


S.  The  hmmiilpfi,  C„H^Br^  heated  lo  27.'VO  C.  (5270  P.)  with  a  niiztaro 
of  p^iiassium  imlMUs  t^rppttr,  and  wattr,  givt*  up  thtfir  bromine  and  rvpro> 
duc4»  thii  "ri>cinnl  oli»fin»',  loji»*tliHr  with  other  hydro^-ArUinH  (p.  41(3). 

<i.  8c>m(*  iilfUnm,  when  brUkly  shakiMi  up  wiUi  utrouf;  sulfifiurir  acid^ 
unito  with  it,  forming  acid  Htli*!r«  of  «utpburlc:  acid,  which  contain  the 
nionatpuiic  alcuhul-radicli*tt  anAl<^>guUM  to  tliu  otcflneA  ;  thuH: 

Etbyltulpburlo  aold. 


Etbeae. 


Sulphuric  aeld. 


and  these  arid  ethors  diatilltwl  witit  water  reproduce  sulphario  acid  and 
thu  monatomic  alcohol  analogous  to  tht*  ol<*fiii«  : 


hjrl-aulphurlc  acid. 


I!  (OH) 
Water. 


H,SOj 


C,H,(OH). 

Ethyl  Alcohol. 


With  fuming  sulphuric  acid  (which  contains  anlphnric  oxidf  in  sola- 
ns th<!  oleflneH  yield  sulpho-acldH  which  art;  isomeric  with  the  preceding, 
tare  not  dc(rom]^m**<l  h/  watur  with  foruiatttm  of  an  alcohol. 
7.  Oleflnnfl  iinito  with  hyrh-i}rMoric,  h^irobroMic,  antl  hydriodic  acid» ;  and 
reaulting  compounds.  treatM  with  silver  oxide  in  prntcnoe  of  water, 
Ipre  rise  to  two  dilferent  rea^'tintifi  which  go  on  simultam-ouKly.  one  part 
of  the  compound  oxrhaugiug  i\s  halogen  element  for  hydroxy!,  and  thereby 
producing  an  alcohol,  while  another  {jortion  givwi  up  hydrochloric,  hydro- 
bromiCf  or  hydriodic  acid,  reproducing  the  original  olefine: — 


I 

^^by  colic 


2(r,n„.Hi) 

HPKPne 
hydrlodlde. 

2(C.H„.HI) 
Hexene  bydrlodlde 


+   Ag,0  -I-   11,0  -  2AgI  + 


2r,H„0 

Hexyl 

alcohol. 


4-     Ag,0     =     2Agl    4-    H,0    4- 

forming   oomponnda   called 


2r.H„ 

Uexeoe. 


aUo    unite    with  hffpochlorotis  and. 
chlurhy  (Ir  ins  ;    «. y. ; — 

II  +         ClOH  =  I 

CH,  t  11,011 


ly  natrent  hydroyra  (evolved    by  t\n<:  and   hydrochloric  acid)  they  are 
oonverted  into   paraffluB;  c.  «?.*  (',11^  4- H,  =  C,IIg. 

They  also  yield  paraffins  when  hmtid  with  oonecnlratcd  AyrfWorfic  new/, 
e  monjodiipar.tffin  formed  in  tin*  firnt  inittauce  being  reduced  by  a  second 
leoutti  of  hydriodic  acid  ;  t.  g, : — 

C,H,  4-  HI  =.  C,HJ;  and  C^RjI  4-  HI   ==  C,H,  4-  'r 

Cotulr-Hxniion  of  the  OU^finrs. — Those  bodied,  onder  the  influence  of  snl- 
luric  ai'id,  line  chloridn,  Wiron  tlnuride,  ond  "tlii-r  rengeiila,  even  at 
linary  tcmp*'ratur(»,  becomti  |Kflym*'ri2ed  by  tin*  linktn;;  logfther  of  two 
more  molecule*.     In  this  manner,  iBopentene  or  aniylene,  C^Oj^,  may  be 
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nieriied,  bat  ethon«  is  not   polymeriied  either  by  sulphuric   aoSd  orj 

hnron  Muoridt^.     TIn^  polymiTW  hydrocarbons  tbas  formied  are  dyftd 
c\v^,  capftl'l'.*  of  uniting  dirtflly  with  .'hlnriiu',  vtc. 

The  fiillnwiiiK  ili»i;rniD  cxhihibi  thf  ntiivirsimi  tif  i«opr>ntcntf  or  amrl 
Into  lii-ninylfnc,  i^howing  that  tlm  lall'T  Also  has  two  of  its  carboD 
doubly  Uakt.tl,  aiwl  may  therefore  act  a:*  a  dyad  radiclt> : — 


til, 

Amyleiie  t2niol.) 


DiKttiyleoe. 


I 


Bthene  ^r   Btbyleoe,  C,n,,  aUo  called  Of*;fiant  gas,  la  prodn 
in  (he  (try  diHtillntiuiiuf  luany  organiu  budiea,  and  in  fonnti,  to  the 
of  nJMmt  If  pvT  cvnt.,  in  ooal  gas.     It  in  uosl  easily  ]>reparc<l  t>y  boa 
strung  BlM>hul  with  threv  or  four  tiinofl  itii  w«ight  of  strtmg  nulphuric 
(p.  1(!5).     It  i»  a  rnlorle.sa  inllAianiable  gaa,  which  burnfi  with  a  bh 
whit"   dn^lt^     Whfii  cxpoacd  to  a  atnmg  prt-Hsuro  at  a  lempiTalurY: 
—  I  l(iO  C  ( — liidO   K.),  it  aiudeiis«8  luali(|uid  whirh  doi?*  not  solidify 
lia  spHiidr  };ravity,  retiTrifd  to  hydrogen  ma  unity,  id  14,  bbowing  that 
moluouh.^  C,il|  bos  th«  nurmal  2-volttn)e  condensation: — 

2 

Ethcnrt  unites  rciuHIy  with  rhlorine,  bromine,  and  iodine,  forming 
li(jin>l!t.     Kiiinin;^  hydriudic  arid  altKorlw  it,  with  formaliuu  i*f  elliyl  w 
Cyll^l.      It   di><H<ilve8  aldo  in  tilrun)^  nulpburic   acid,  aftor  prnlnn^ed  agif 
tion  at  ordiijury  temperaturi«,  oa8ily  and  eoinph'tely  at  IGO-lTTiO  C.  (:ii 
iWT*^    v.).     The   prodnct  is  ethylsiilphuric  acid,  C'^Hj-H* IJi,  which,  wh« 
bitilril  vcilh  w»ti*r.  yietiU  ethyl   aleoho).     Kthene  in  nxidi/nl    hy  chromio 
acid  to  aldehyde,  Cjll,0,  and  by  polaHsium  peruiaugauatti  to  oxalic 
formie  acid. 

Fropene,  r,,Hj  =  Cil,— rH_:CHg,  is  formed  (1)  By  heating  pro| 

iodide  nr  iMipropyl  ittilide  with  alcoholic  potjwh  solution  :— 

C,H,I  -f  KOH  =  CjU^  4-  Kl  4-  n,0; 

(2)  By  the  action  of  nascent  hydrogen  (from  xinc  and  hydrochloric  aci< 
or  of  hydriodic  aeid,  on  allyl  iodide  : — 

c,H.i  +  HJ  =  c,u^  4-  I, : 

(3)  Tngetbfr  witli  niher  profluot?,  by  pawing  tho  Tapor  of  ordinary 
alcohol  or  butyl  uk'ilitil  through  a  red-hot  tu)^.     It  alaoocour't  in  coal 

I^-opene  is  a  iH>lorleti»  g&s^  condensable  to  a  liquid  by  strong  pr««ti 
It  dissolves  readily  in  strong  hydriodio  aoid,  forming  SAcondary  pro] 
iodide : 

CHj— CH=CH,    -I-     IH     «    CHr-CHI— CH,, 
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Batene,  orButyleno,  C,H,.    Of  thiti hydrocarbon  thorearo  tbnw 
modificatious,  n>prt<!S»'nU?d  by  the  foUowiiig  fnrrniilsn  : — 

1.  Buttne.  CI!,— C;|l,— CH-  CU,; 

2.  PBcudohutoue,  Cll;r-<-'H_CU— Cll,: 


3.  laobutene, 


H,C 


S;J>C^CH.. 


1.  Nornial  hulene  i.t  produccil  by  alffltractlon  of  HI  (Actloii  of  alcoholic 
potash)  from  iiunual  priiunry  butyl  iixlide,  CH, — C'lij — CU, — CH,!,  and  by 
the  action  of  iin<>«thide  on  broni<:ttieiif  : 

2(CH,— CUBr)  +  2n<!ciLel!'   ^  Znlir,  +  2CCH,— CH,— CH=Ciy. 

U  U  gaseoufl  at  ordinary  temporalurtjs,  and  oundense*  at  — lOO  C.  (l^*^  P.) 
to  a  liquid  which  buils  at  — 5"^  C.  (21^  >'.).  It  unitv«  with  hydriodlo 
acid,  forming;  »euoudary  butyl  iodide,  t'llj — Lll^ — (Jill — CH,. 

2.  P»r.utii}butfnm  ia  formed  liy  heating  srcuiidHry  or  iriH*ndobutyl 
ioflide,  nr  the  corresponding  alcvkhn),  with  alcoholic  pola«h,  or  with  lilver 
iixXide.  it  boiU  at  4-30 c.  (37.4^  F.).  «nd  aolidillefl  at  low  tcuipcraturva. 
It  unit4»  with  UI,  reprodaciug  secondary  butyl  iodide. 

3.  Jgohuttne  is  produced  by  thtf  action  of  olooholio  potaah  on  isobutyl 

iodide,  {|*^CH— tH,I,  or  on  tertiary  butyl  iodide,  [{■|^C>CI  — (Mj.    or 

by  that  of  sutpliiiric  acid  on  tlie  ('orr**?4[»oiMliiig  alcnhots.  It  is  aUo  formed 
by  passing  the  rapor  of  isopenlyl  alcohol  thmu^h  a  red>hot  tabe,  and  by 
the  tjlcctrolvsis  of  isovakTic  (ordinary  vtileric)  avid. 

UobutiMiL'  ia  gaHL-ouH  at  nnlinary  tL-ni)K-rulun*i!,  but  condt-nsefl  at  Tery 
low  temiH^ratuffi*  lo  a  It'iuid,  which  boilH  at  — li'-'.  Strong  hyilri<idic  acid 
aUtorim  it,  with  formation  of  tertiary  butyl  iodide.  With  sulphuric  acid 
it  forms,  together  with  polymeric  butene«,  tertiary  butyUult>hurin  acid, 

H*C^^^Cso  U  »'^**'*^**'  *^**"  *«*^*^^  ^^^  water,  yields  tertiary  butyl  al- 
cohol. 

The  dibromldes  of  the  three  isomeric  butenea,  C|H|Br|,  boil  at  the  fol- 
lowing temperatures  : — 


Normiil. 

IM. 

Pttudo. 

1680  C.  (330.80  p.). 

1590  C. 

(318.20  F.). 

149<^  C.  (3U0.2O  p.) 

Pentenea,  CjH,, 

.    Of  the  four  possible  inodificatioua  of  these  hyd 

carbons,  vix.. 

1. 

2. 

3. 

4. 

_                    CH, 

H,C     Cli, 

CH, 

II.C      CII. 

1.     1 

V 

1 

V 

^H       6b, 

CH 

hi. 

c 

■       k 

i-H 

[„ 

nr 

m  L 

II 

CH. 

II 

CH 

cu. 

* 


I 

CH, 


CII, 


].  Normal  Pentenef  or  Eihyl-alltfl,  C,H|.C,Hj,  is  formed  by  the 
action  of  sodincaon  a  mixture  of  the  iodides  nf  ethyl  and  allyl,  or  of  xitv^ 
ethyl  on  allyl  iodide.     It  boils  at  37°  C.  (Ofe.fiO  F*.)  -,  tiu\X»a  ^a^i  VjisN.- 
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odio  aoid  to  form  the  woondary  iodide,  CH,— CII^— CU, — CHI- 
1HC<^!'}|   .     Its  bromide,  C^HioBr,,  bolls  at  175°  C.  (347°  P.)- 

2.    Ifopentene,  or    Jmy/rnr,  is  obtainM.  together  with  isopeot 

by  distilling  ordinary  amyl  alcuhol,  jj\C>*-^ — C1I|— <'U,OH,     wiUi 

pbario  acid  or  linc  cltloridd.     It  is  a  ooLorli'sa  luobilo  liquid  having  a 
grant  mlor,  a  lUmsity  of  0M3  at  D^,  and   boiling  at  35^  C.  (95'^  F.). 
bromidv  bi.iU  at  17»MS00C.  (:Wrt-35tiO  F.),  with  partial  decnuposit 
liiopentrnL'  nnilt*§  witli  hvdriodlc  acid,  forming  anotlicr  bocomlary  ^i 
iiMlidM,  (CHj)./;!!— <'HI— <.*I1,. 

IriHpf'ntfnt*  sliukci)  up  with  sulphuric  add  (prnviously  diluted  with 
its  bulk  t>t'  watpr,  and  roDled)  is  convertwi  into  suwral  polynipridt*, 


I  r  iamrt«l 


diamylenc,    C.oH.^.  boiling  at    1560  C.  (312.80  F.)  ; 
C.jlljo,  at  240-260"  C.  (4G(»-48S' P.;  ;  totramy  h.»ne,  C^ 
(&440  f .).     Thoy  are  oily  liquids,  uniting  directly  with  bromino. 

3.  The  third  mtKlificatlon  is  not  known  with  c»Ttainty,  but  is 
idrntic&l  with  a  piMiti-Tin,  boiling  at  2.'P  f.  (77^*  F.),  obtainod  by  the  ad 
of  oouceiilrati'd  ak-uliotii::  potash  on  isopentyl  iodide.* 

4.  Tht!  fnurLh  inixlinuation  in  obtained  by  the  action  of  very  strxing  alci>- 
holic  poLash  on  ttirtlary  pentyl  iodide : 

H,C      CH, 

CI  _     I     ^ 

CH, 


n,c    CH, 

c 


5h, 


CH 
CU| 


^ 


It  boOs  at  350  C.  (950  F.),  unites  with  bromine,  and  with  fuming 

odic  add  at  lOfO,  ropnxlucing  the  tertiary  iodldo.f. 

The  higiier  olfllues  Iiuvm  been  but  little  studied.  They  are  obtained 
from  the  curres ponding  ulirtihoU  and  iudideA  by  the  iu«thi>daabovodeacribed. 

Bexene,  or  Hexylene,  C(H|^  Two  hydrocarbons  of  this  oom- 
position  hnve  Ix^t^n  ubtaint*d^  one  from  sooondary,  th«  nthnr  from  trrtiary 
hexyl  alcohol.  The  former  has  a  speciflc  gravity  of  O.tJttD  at  \<^.  and  boiis 
at  li5-6tIOC.  (14!)-ir>0.,SO  F.);  the  latter,  which  t>ocurs  in  the  light  uUa 
from  Boghead  and  Canutd  tar,  lioils  at  7iP  C.  (ISS-*  F.). 

Hepteoe,  or  Heptylene,  C,H„,  aUo called frHan/Ayr»(>.  U  fora^^f 
from  riiH!«iiidury  hfptyl  chloride  ;  nUo,  hy  tr^tating  Iteptyl  aldehyde  (a*n4^H 
thol),  Cflli^O,  with  phosphorus  pcntauliloride,  and  decomposing  the  re«nlt- 
hig  chloride,  C^Uj^Ol,.  with  itodium.     It  boiU  at  1000.     The  same  hydro- 
carlwn  oeeurs  in  tho  light  oiU  from  Boghead  and  Canncl  tar. 


Octene,  or  Ootylene.  0,,li„,  oocurs   in   the  same  oils 
easilv  prepared   by  ilistdting  secondary  ootyl  alcohol  with  slno 
It  bo'ils  at  1200  C.  (2570  F.). 


Cetenet  C„n„,   Ceroteno,  C^Hm*  and   Mel«ne,  ^wH,^    in 

Ibrmod  by  destructive  distillation  of  the  corresponUiug  alcohols^  or  sab- 

•  FUrtrtky.  LieMs*! AnoAln.cUlK. ?oa. 

t  Ermolalew,  Zeltsohrirt  tUx  Chentv,  U7l,  XI*. 


■UcDCM  oontaining  them ;  c«t«ae  from  •perouLoeti,  corotooe  htun  Chiacsa 
wax,  mcUa*^  from  bc^wax. 

Oloiir  IK  An  oily  liquid,  boiling  at  275©  C.  (527°  F.);  oerotene,  a  crya- 
tallinc  Bolid  ;  meleno  crjraULliseA  from  hot  alcohol  in  scaltw,  wbicb  uelt  at 
6'2P  C.  (l-U.tjO  F.). 


TbIU)  SBBtBH, — C,n,,_g. 

Etkine  or    Aeet yirnt  Strict, 

ThM9  hydrocarbons  may  bo  arranKO'l  in  two  cnllalersl  ^erh'n  iliTorIng 
one  another  inslruotureaiui  in  propurtioA.    Thr following aru  known: 


I 


« 

Svrlet. 

Boillos  Foknt. 

Etbinn 

Of    Awtylffne, 

c,n. 

... 

Propiiie 

"     AUvlonr, 

r,H, 

... 

Pen  Line 

*'     .  Valrtf/lene. 

C.U, 

60OC.  (122   OF.) 

Cexine 

"     Uexoyk-ne, 

f.«« 

80OC.  (I7a    OF,) 

iieplin« 

.         •         * 

t\»l« 

107OC.  (234JPK.) 

Octlno 

■         ■         1 

c;h„ 

13:*or.  (ii71.-«OK.) 

D«oiDe 

**     Decenylene, 

(*io'li« 

1050 c.  (a-^    OK.) 

PffntjKloaine 

"     Rf-nyli'Dfl, 

f'.:,Ii» 

22r)0  r.  (437    -^  F.) 

Uexdeoine 

*'     C«t4inyluu«f 

c„u. 

2h«toc.  (03*1    0}f,y 

«S«rtM- 

BoUlog  Point. 

tf  AMyl.^nft,               CH, 

... 

Crotony 

Icne.            C.H^ 

leo  C.  (  tM.40  F.) 

0  Val«ryleuo,           C^U, 

450  C.  (113    OK.) 

Diallyl, 

C.1I.. 

690  C.  (13^.20  F.) 

Rutylene,                 ^]o^^m 

160O  C.  (3lt2    o  F.) 

A  general  metbod  of  preparing  the  hydrocarboni  of  the  m  aoriea,  oonflfdU 

heating  the  dihrnotidea  or  <li-iodidtta  of  the  oU'flnfia  with  Alcoholic  pot- 

ih,  the  reaction  taking  place  by  two  Htageo.  a  uiMiiobrominati^l  uk-AnL> 

ling  first  fnrine«l.  and  then  depriTed,  by  the  fnrthtT  uetiun  of  the  pntaah, 
the  elements  of  hydrobromic  acid  ;  thus — 


.Br,  H-  KOI!  =  KBr  +  H,0 

_,Hr-f    KOH   ^    KHr  -f   H,0  +   CJi^ 


le  reaction  amounts  to  the  abstraction  of  2Ilfir  from  th«  oletlne  dibro- 
le,  and  show^t  that  the  bydrt>carlion«  of  tbia  iiorirH  have  two  of  thulr 
rbon  atoms  nnitod  by  three  combining  uulla  ;  Umh — 


Ca,Br 

CH.Br 

EtheocdlbroRililo. 

CH, 
CHBr 


2UBr 


211  Br 


CI! 

Hi 

Acetylcn*. 
CIl. 


CUjBr 
Propeue  ilibronild«. 


43* 


OH 
AUjrlooe. 
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Acolj1en«  does  not  admit  of  any  other  modification,  iil  leosl  In  IbrI 
•talc  i   but  in   all.vlenc,  and  the  higher  members  of  the  scrirs.  anc 
mode  of  grouping  is  jKwaible,  oa  shown  by  th«  foltuwiug  formulj?:- 

^Alljlene.  Diallyl. 

Tlie    hydnjcftrbons  of  tliin   iMler  (*)  Boltsori.-s   art*   formed    by  ri 
rcauliuns,  d-allyluae,  for  examplu,  by  tho  eleotrolysus  of  iiaoooiti  acU 

— C—  =»    2C0,    -f     n,    4-       f 

I  i 

CH,— CiX)H 


ItMonlo  add. 


CH, 
fi-Allyleae. 


The  hydrocaTt»on»  of  thi*  two  snbsorles  liTcewisp  differ  in  c«>r1nin  of  tlwir 
properti»*,s.  Th«>SB  of  tho  a  s<iriefl,  wht*n  trrat«i  with  an  ammi'niacai  solo- 
tion  uf  Hri;>Mitio  or  cuprouft  cliluride,  yit-'Id  uK-^tatlio  dr«rivattve6,  in  |he  Ibnn 
of  ury«tallint>  priHMpitatv:^,  which,  when  hoat(>d  with  hydrochloric 
produce  the  original  hytin)carbons.  This  reaction  alTimlD  m  oonrc 
method  of  8*<panilin);aut'tyltMie  and  allylenn  fnnu  othrr  gasus.  The  byi 
carbons  nf  ihn  B  fulwcrifw  do  not  yWAt\  liwj^e  nit^tallic  dortvativott. 

Whtin  the  hydrocarbonfl  id  tlic  «  »ub±4crit»  aro  subjected  to  the  a<ctioa  of 
ohlnrinc,  browiins  and  ot.ht*r  puwuTful  roaguut;*,  tho  conneotinu  Uftween 
thii  trublydiiitcod  carbon  atnmK  btM-omoa  IoosodimI — us  in  tht*  ras«  of  Iha 
oloQnes — so  that  the  muleculi'  wtiioh  waB  pruviously  fiuturatod  becams 
bivaleut  or  quadrivalfsnt :  thus,  iu  tUtt  caso  of  aMtylene, 


^byiH 


C— H 

III 

c— a 

Saturated. 


— r— n 
D 

— C— H 
BlTaleat 


— C— H 

J-H 
I 

Qunilrlvalcat. 


When  agitatf*d  with  hydrobromic  cir  hydriodio  acid,  they  tako  np  out 
two  moliHuili-ia  of  tlipse  acidn.     Th**  dihyfln)lirrtmid*'s  and  dihydriodides 
pruducod  Uavo  llitisumueoinponition  as  thcdibruiuidua  of  theolelinea  ;  tbi 

C.U^_,.2UBr  «  C.n,„Br,. 

The  two  classes  of  bodios  are,  however,  isomeric,  not  idoutloal. 

Aoetylene,  or  Bthln«,  C,H,. — This  hydrooarlxm  ta  one  of 
eon^itiiiiuuu  of  otivA  ga^.— It  is  prcMluccsl— 1.  By  syntliusisj  fmiu  it^  rlc>me 
When  au  uluctrio  arp  from  a  poWLTful  volinio  hattory  pasm^H  bolwi»on  car 
polni  in  an  atinogpheru  of  hydrogen,  thotarbon  and  hydrogen  ouito  in  ih<i 
proportion  to  form  4<thin<<. 

2.  By  the  action  of  liuat  up^in  ethene,  or  tho  vapor  of  alcohol,  etheft 
wojd>apiril,  or  by  passing  iuduction-sparlo)  through  marsh-gaa. 

3.  By  possiug  the  vapor  of  i!hlorofurm  urtsr  ignited  copper: 

2CHC1,  -I-  Cu,  «■  SCu^Cl,  +  C,ll^ 

A.  By  the  incomploto  oomt>aHtion  of  iKxLies  containing  uarbon  and  hydro- 
gen ;  for  example : 

4CII.  +  O.  s  6H,0  4.  20.0. 
2C,U4  +  0,  ■.  2U,()  4-  2C,U,, 


I 
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It  b  prodnoed  In  ooiuMerable  qaaatity  in  the  imperfect  emnbiuitton  which 
tJLktrd  plfuv  in  A  Baluton'tt  gu-burner,  wtu^n  the  fl&iiiu  strikva  down  JOid 
the  gna  buruii  *l  the  sniaU  oriQct*  at  the  bottom  uf  thv  tubv ;  il  uia>  be  Vftl- 
leotfvl  »nit  parifiwl  by  oBpiruting  the  gui  through  an  aminuntftcal  tM>ppcr  or 
ffitver  solution. 

5.  By  pAfiNiiig  A  mlxturv  of  marsh'^as  ami  carliou  luuuuxide  llimng!i  a 
red-hot  tuLw: 

CH^  -f  CO  —  li,0  +  (\H,. 

6.  By  the  action  of  alcoholio  poiaah  on  monubrom«thufi6 : 

C,II,Br  -f   HKO  —  KBr  -I-  11,0  +C,H,. 

7.  By  the  electrolysia  of  fuinario  or  inaluic  acid  : 

Thit  cruiXa  amtylend  obtainud  by  either  of  these  proceaaes  ia  pnrUed 
the  manotT  alwve  nicntioiu^d. 

Acwtylcno  ia  a  iMilorluss  ga«  <if  spivifir  gravity  0.i)2,  having  ft  porullar 
and  unploftitaut  odor.  mudcraU'ly  solutile  iu  waUT,  not  ootidi*nB«d  by  cold 
or  pr^*asure.  It  burns  witli  a  very  bright  and  Miuoky  flami*,  one  volume  of 
the  gaa  oonsiiniing  '1^  voIiiuum  of  oxygon,  and  jinxlucing  2  voUimtit  of  car- 
bon dioxido,  \Vh<<n  inix<*d  with  rA/orine,  it  dtHuimttnt  aluKMt  iiiatuiitlyi 
«T«n  in  diffuai'd  daylight,  with  iteparation  of  cartK>ii. 

Ac«lyl<*ni;  panHt^  into  nn  aimuoniaral  aolutioii  of  cuotoum  chloride  forma  a 
red  precipitate}  consiHting  of  cu  proao- v  iny  1  oxidi\  t',(CH,)jll50,  or 
(C/Cu,)H],0,  that  iff  to  Aay,  vinyl-oxid**,  ((\Il5),0,  having  four  of  ita 
hydnjgcn-atoma  rvplaccMl  by  four  atoiiu  of  (ftpi»aroiitly)  univah'nt  cop|>er 
(aee  p.  '^01).  The  ciiutttitutioo  of  this  compound  may  be  underatuod  from 
the  following  formulrc : 


H    H 


H    H 


H 


c-c-o  -A=:c  I  ">  or  A— 0 — c-c< 


i 


i 


Cu 

L 


yiayl  oitltle. 


Ouproao-Tlayl  oxide. 


formation  broin  ouproua  ohloride  and  acetylene  la  represented  by  the 
in  at  ton : 

2Cu,Cl,  -f  2C,H,  +  H,0  ->  4Hn  +  C^CojH.O. 

On  hr*ating  it  with  hydrochlorio  acid,  the  opposite  rcartion  takes  |dAM, 
iprous  ohloride  and  water  boing  reproduced,  and  pure  acetylene  evolTed 
gaa. 

When  thla  coppor  cnmimnnd  ia  heatml  with  lino  and  dilute  ammonlA, 
naaoeni  hydn>gen  thereby  evolved  tuiitea  witli  the  elemeuta  of  ethine, 
lucing  ethene : 

C,CujH,0  -f  2H,  —  Cu,  +  H,0  +  2C^, 

l«,  briskly  agitated  with  strong  raZ/fAvnc  acid^  ia  absorbed,  pro- 
loiug  vinyl-sulphuric  acid,  C,H,SO, : 

C,H,  -I-  HjSO^  s  (C,H,)H804; 
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and  thia  add,  distilled  with  water,  3a  resoUod  Inlo  aulphuric  »e\d  ud 
viuyi  aloohul : 

VlaylHBulptiurlo  Vinyl 

BCltL  *lcolit>L 

Acetylene  unit<«  with  hrominr,  forming  a  dibromide.  C'^II^Br^ 

Whr>ti  a  s>>riH«i  of  strong  inrliirtinii  x|mrkft  in  passed  through  a  mixtai 

of  aoctyli*n«>   and  nitny^n,  the  two  gwi'S  uuitu  nud  furiu   hj'drocyanifl 

aoid:  C,ll,H-N,=s2CNH, 

Bromactt^i-Hr,  C^tlHr,  is  produciid  by  the  action  of  alooholie  potash  un 

dibrumetheno  dibrototde : 


C,H,Br,.BT,  =  Hnr  -|-  Br,  -(-  C,HBr. 


4 

It  \m  a  spontaneously  inflammnbl<>  gna,  which  liqueflra  andn*  a  pnarare  1 
of  thrtf  atmo«)pUi>r«fl,  is  solubh»  in  watrr,  and  very  wilnbl**  in  dibromethise. 
It  unites  with  bromine,  forming  tht*  cumjHiund  C,HBr.Br,,  and  when  paMcd 
into  an  anuouuinrnl  solaliou  of  ouproua  chloride,  yields  a  prvctpitato  Of 
cuprui4i>-vinyl  uxidi;. 

IAllylene  or  Proplue,  C,H^. — This  oompoand  is  produced  by  the  acUo^H 
of  Kodium  t'thylatw  on  bromoproiMiue  :  -^M 

CjHjBr  +  CjUjNaO  =  NaBr  +  C,nj(HO)  +  C,H,,  f 


lU  formation  Winp  ft  particular  cAan  of  the  g»*neral  rcftction  given  on  pa^^ 
fiOO.  It  id  a  colorleas  gaa,  having  an  unpU'asjint  odnr,  burning  with  a 
■moky  llame,  and  f'irming.  with  luercurous  n&\U.  a  gray  preinpitate  ;  with 
silver  Halt*,  a  while  prt>cipitate  ;  and  with  cnprous  chtoridi^  a  yellow  pr*^ 
cipitttti.,  analogous  in  corapcwition  to  thai  formed  by  ethim*.  With  hrominf 
H  forma  th»»  comi«imid»  CjH4Br,  and  CJIJlr^,  thf  former  boiling  at  l.'it>0 
C  (24W;o  F.),  iim  ]nit#;r  dtHXimpoftiiig  wlurn  tliiitilli*d.  With  iodine  it  form* 
th«  eoiiip<jund  C^H,!^  which  IxjiU  at  li>HO  C.  (388.40  F.)-  U  unJl.'s  with 
2  moI,^.ii|„B  of  livdri.Mic  acid,  forming  the  compound  CU, — Ll, — CH,,  and 
•imiUrly  with  H Br  and  FICI. 
^  AUylrnt,  or  .l/^nr,  ('H.—OZrCIl,,  U  formed,  as  already  atateii,  l»y  lU, 
elwtrol^Hia  of  itaconic  arid  ;  alMo  by  the  acllim  of  sodium  on  Uu'  modiflc*. 
lion  of  dichlornprop^ne  obuiued  from  diulilorhydrin  (s..«e  Oltcerix)  ;  pro- 
liauiy  also  frmn  allyl  io<lide.     With  bromine  it  forms  a  crysUlUne  tetra- 


I 


4 

1^-^.^  «o.^ir,„j,  nn^j  icxiide.     With  bromine  It  forms  a  crysUlUne  tetra-fl 
bromide,  C^H^Br^.  -  ■ 

Crotonylane,  C,H,  or  CHr-CHIZCirCn,,  is  formed  by  abstraction  of 
Brii  froii.  i,.un.>br<.iuobul«no,CH3— CHj—CBr-CII,:  *»b«  by  distilling  cry-  _ 
ylj?*!'*  ^*"y*«'  ^'th  formic  acid.      It  is  a  liquid    Iwiling    at   20-20O  C- ■ 
(ON-M     •'O.nnd  forming  a  tetrabromide  which  crystallizes  in  shining  rhora-B 
bic  plau-s.  imdiinj,  at  n,jo  (;.  (24(t.po  p.).     H  dm^s  not  form  anv  meUllio 
derivBtne  with  copper  or  silver,  wlionc*.  and  from  iU  mode  of  formation, 
ll  mfty  lx»  r.'fi..rr«d  to  th.'  B  twritw.  ^ 

Valorylene  "r  Pentin^^  C,IU._(lf  this  hydrocarbon  two  modiacationtfl 
^rfl  kn»;wn.  *  I  "/'•ry/r/.^  prol.aldy  lir-C— C, H,.  Is  formed  by  abetrao^ 
tioM  of  >JA};,iJ^'"  '"'•t^'.vlprop.vl-k.-touic  chh.ride,  H,C— (XI,— C,H,.  It  boJlrfM 
ftl  ftlPt.  (I— -t-.),  »nd  yiflds  mutallic  derivatives  with  silver  and  copper^! 

■  g  VairryUne,  prolmbly  n;p>C:iC=:CH„  is  formed  by  abstraction  of" 
HBr  from  bromUoponteuo,  []*[^CrciI— CBr— CH,. 
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hig  an  »11i«c<«iu  odor,  a  tpeciflo  gravity  of  0.700,  and  boIUng  at  45^  C. 
(IISC*  P.).  It  do«  not  fomi  mmponnds  with  silver  and  Dopp«>r.  It  rorma 
a  dibromidf*  which  boils  al  170^  C.  (3360  p.),  aud  a  liquid  U'tralir^inidf. 

Beadiies,  r^H,,.— /A"j»y/«ir,  pmUbly  CJrj— {f*H,),— ("'^TH,  obUin«)d 
by  abiitraLtiun  of  UBr  frutu  monobrutiihuxenu,  twiU  al  7tf-^0^  C.  (168.8- 

17tP  K.). 

OinUgt,  HjCmCn— CHg— CH,— CH— CH,,  ii  formed  by  th«  action  of 
•odium  or  silTMr  on  allyl  iodide.  It  ia  a  volatile,  pangfnt  liquid,  U'iting 
at  5HO  C  (138.20  p.),  tu\d  fomting- a  rryHtAlltno  tetrabromiile  and  ti*lri- 
odid,*,  the  former  molting  at  ti30  C.  (H5.40  P.).  Wlifii  fliakfii  with 
aqucHiUB  hyiMKlilonin.s  Acid,  it  forinx  Xhv  c^iuiiKtund  CgH,,C'l,(4_iH  ),.  lli-nle<l 
with  conotiitraUtl  hy'lri'Mlio  acid  it  yi«idd  thi'  oumpound  ((ll,,L,  ur  Jl,t' — 
CHI — *'H. — C'H, — ('HI — <'H,,  as  a  heavy  uily  liquid  ;  and  on  litating  Ihia 
ouii)|Mmnd  with  Hilvcr  acvtat«,  it  i«  mnrrirt<^  into  tlio  i-orrfttjionding 
diacftalf,  which,  when  hoatod  with  caostiu  potash,  yiidds  thr  uorrespoud- 
Ing  h«xouo  glycol, 

H,c— CHon— TIT,— rii,,— rnon— rn,. 

The  hiphor  m(»mb*»rB  of  tin*  srrirg  Cnll^— ,  nn-  obt«int>d  either  from  the 
dlbr<>rai»U*a  of  tho  c«trr«*siM'ndin>j  ulelinrtt,  or  from  ituliHtitiit)on-|ir'Hltict8 
isomorio  therewith.  Thus  )iHptine,or  oinan  t  hidenv,  is  formed  by 
the  action  of  potash  on  o.>iianthidt'no  dibroiuiiU*  (i>btaiiif«l  by  treating 
cenanthyl  with  phosphnrus  iwntachloride)  ;  rutyUno  is  prcparMl  from 
d  i  nmy  I  one  :  and  tlie  iMoiniTJc  body  d  <•!  ci  n  «  or  dcce  n  y  1  eiiu  from  (he 
dibruminatcd  derivative  of  tli«  hydrocarU)n  l*«Hni  which  uxisla  in  pelro- 

^^K  The  only  known  raf*mb«'r  of  thi;  fatty  group  Iwlon^liig  to  this  fiorii>it  it 

^■^alyleue  or  pentouc,  (-\II«,  which  iH  fornu^d  by  the  action  of  akoholic 

IT^otafih  on  valerylcne  diliromide,  (\HKl)r,.     It  Is  a  lit;lil  oil,  smelling  like 

garlic,  and  Ixtiliug  at  50^.     II  forms  precipitates  witli  aiumonincai  copper 

and  «ilver  Holutions.     With  bromine  in  a  freeslng  mixtnrr,  it  yi«'ldfl  a 

^stalline  mass  wmsiBling  of  C^H^Urg,  aaturate<l  with  a  thick  liquid  which 

a  mixture  of  the  same  ectmpound  with  C^IIgBr^,  and  probably  C'.HgBr,. 

Thn  terpenea,  t',„IIt«,  &Uo  oomo  under  the  formula  t'^H,!,— 4,  but  they 

belong  rather  to  the  aromatic  group. 

t  Series  C.H 

Dlpropargyl,  C.II,  or  HCT^C— CH,— CH^— <::^CH,  the  only  known 
y.irocarlHih  of  Iho  fatty  group  IwlonKing  tn  tin's  series,  is  isomeric  with 
eusen«),  but  differs  greatly  from  that  t>ody  in  Its  propcrtioH.  It  is  pre- 
ared  by  diatillin);  iliullyt  t^'trabroniide,  r^HioBr^,  with  a  lar^e  excess  of 
ftustlo  potash,  whereby  it  is  conv«*rted  into  dihromiMliallyl,  Cgll^ltrj,  and 
hoiling  tliu  latter  with  aloohoUc  potash : 

H,C— rif— ClIBr 

I  —         2UBr 

H-C— THr-rilBr 

Dlt>romodUUyl. 

Pipropargyl  is  a  mobile,  limpid,  highly  refractive  llqnld,  having  an  in- 
<ly  pungent  odor,  a  spedflo  gravity  of  0.61  at  I60  C.  (64.4P  P.),  and 


I 


sehibs  r„n, 


CH 


H,C— C— CH 
pipropargyl. 


514 


HALOID    ETHERS. 


boiling  ftt  850  C.  (1850  p.).  with  ammoiuaoal  cuprous  chloride  U  bmi 
9  grtH'iiiali->-ellow  prt<ci|>itftto,  C-H^Cii,  -+-  -H/J,  Mni  wilh  silrer  nltralr.  » 
white  preripitat4*,  C^H^Ag,  H*  ^ilg*'.  whicli  bl.tckens  on  exjHisure  to  Ji^lil, 
ftn*l  (^xpKwU'd  at  IM(VJ,  Ii*a\-inp  carl>on  ami  silver. 

i*i|>ri<pArgyl  is  etisilv  ili^linj^iiislu'nl  froui  beuxone  by  its  property  of  ootn 

biuiiiic  rxplubivt'lv  with  biximiiic,  furuiiiig  the  tot r abrDtiiide   C.H^Br,, 

m  \-iw:it)  liquid,  of  Rp(n  iHc  gravity  2.4)50  ut   H)0  C.  (liG-a*^  K.),  vrhicli  com 

bines  in  tItrUftrk  with  murf  hronuiti;,  furiuiug  the  ootubromido  CJLHt^ 

rhtch  boUs  At  i4UO  C.  (2i»40  F.). 


BALOOBN    DERIVATIVES    OF   THE    HTDROCARBOIfS. 
HALOID  ETHERS. 

n«s^  eompoands  arA  rormcd,  ss  already  oheerved,  by  suhatitnlion  nf  • 
kftlogMl  uU'iueiit  (Br,  CI,  1)  for  an  i'i|uivali-iit  i|ua.utily  of  hytIrogL*n  ia  •{ 
Ikj^lMOAfbon,  or  uf  hydroxy!  in  thv  eorrpspoudiuik;  ahuhoL  They  amI 
IMMitomlo,  d)ftt4^mic,  trintomic,  etc..  according  as  1,  2,  3,  or  more  al 
MiXkf  liAl<t4;<'n  aru  tlui.<t  intrtKlurod. 

M^m.Mi..mir  /laloftf   Ethtrt,  C^Hj^+jX. — These  ethers  ar^  derir* 
iKitot  :liiiH.     riilorino  and  br<jiuint>  net  directly  oii  thL'«<.>  byd/ocar- 

W«i>  .  I     11  of  tbe  former  being  aceelurattsl  by  light,  that  of  the  Iftttuf  ^ 

if  lM*i.  iMiline  likewise  acU  un  tlie  paraffiiifi,  rt^ruoring  an  atom  of  hy-1 
mvd  taking  its  ploi-i* ;  bill  the  ioiItt|mrafHn  thiiA  foniied  is  for  tL#l 
|M»I  rvoi>nvi>rt(*<l  into  tilt'  original  hydrfK-arbon  by  the  action  of  th« 
^^cJrwW  *4>id  formod  at  the  Huim>  Uiiie  :   tbtiu, 

CjH.l  +  lU  =  CjH.  +  I,. 

•rtinn  m«y.  however.  U'  prevented  by  X\\e  addition  of  a  inb- 

Itl^  Mcrviiric  oxide,  which  deootnpofles  the  hydriodic  «eid  aa  fact 

A.#%lMW*dL  AJ^d  in  that  case  au  iodupar&ffin  or  aloohotic  iitdide  fsob- 

tCJI,  +  21,  +  ngO  =  2C,n,I  +  H,0  +  Hgl,. 

ic  bain  id  ethers  are  also  produced  by  the  action  of  th« 

i,  ..i  t.v*!rof;en   and  of  pliosphorus  on    the  otrreapondin; 

.     i.litition  of  a  baloiil  ncid  to  an  unsaturated  hy- 

irUtii  in  whifdi  a  pair  of  oarbon-atouu  ar«  joined 

uuild  (p.  &*>4)  :  *■■  9'^ 


en. 
cur 

Inopropyl 
Iodide. 


i  «    by  the   action   of   witrrnt  kythmym 

liC,  or  hy  Bodiuni  ftiual^ain)  : 
UoU  by  tbe  action  of  moLStn/r^rv  oru/d: 

-f     C,H,OH. 

Lar  manner,  but  the  resulting  alcohol 
(voiverted  by  dehydration 
.C.I 
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y.  Into  oxyg«n-ct1iers  bj  th«  actton  of  the  eodinm  or  poUMiam 
dtfnTjttivtsfl  of  tb«  aloohoh  ;  thus. 


KUivl 


fS  odium 
rthylAir 


M        Nal 


Ktfayl  uaide. 


I.  Into  compound  otherB  hy  thr  Bilver  ealti  of  the  oorre^ponding 
aciittf : 

C,H.I     +     AgC,H,0,     s     AkI     4.     r,H,.C,II,0, 
Ethyl  Silver  Mvinte.  Elliyl  acoUt*. 

iodide. 
indivMiia)  ethon  of  thU  group  will  be  described  in  eouneutiun  with 
rw}poudiug  ftluoUolit. 

Monatomte  ffaUtd  f/A«r«,  C.II,^fX. 

Thcsp  ethere  are  derived  frttra  the  ul^flueti,  f-',llj„.  b/  snbstitntion  of  1 
atimi  uf  L-hloriiio,  et«.,  for  liyilrogi-n.  Tlu-.v  cannot,  liowi'VtT,  lie  fnrmrHl 
hy  dir»H't  sutMlitiUion,  aa  tin*  action  of  ciilorint*.  brutuiUi<,  nr  knIum*  un  the 
ol<'fini'i<  glvt^  risi*  to  u«i<lilion-[inNlui-l(»,  *-',ii|a'.'lp  ft<-.  ;  but  thoy  amy  Im 
obtained  by  tn-ating  tht^<:  adilitiun-productA  witli  alcoholic  iiotanh  nr  tttlver 
oxide;  tbiiH, 

tV^t-'U     +     KOIl     as     Kn     +     11,0    4-     C,H,C1. 

These  ethers,  like  the  olefini-ft  from  which  they  are  deriVMl,  can  lake  up 
2  atoius  of  rhloriiK*.  Itroiiiiiit',  nr  iiKliiH-,  lurniing  (Yitii|xmn(U  wliiuh  can 
hkttwitie  v;ive  up  liytlriM'hloric.  ImlrKhrnmu*,  or  hydrirMlii.  acid,  umltT  tb« 
iiilliicmv  of  iiltHiholir  jiotanli  ;  llh-  Unly  thUH  fonm-d  can  Inke  up  2  altmia 
of  oliloriiK',  Iir(*mint%  or  iimUiip,  tlirn  givv  up  IKM,  MJlr,  cr  HI  ;  nitd  tliuw, 
by  a  tierit-s  nf  iMTfiM-tly  riiiiiiUir  n-arttonH,  wo  at  length  nrriv*-  At  InmIiim 
oonaistiiig  of  lh»  priuiitivi!  i>lt>ilne  with  nil  itn  liydrt>);eu  ri'plauiHl  by  vIiIck 
riuv,  brouiiui',  or  iudiiiv,  and  thp  iiiL-litorid<^s,  dibromulcn,  and  di-ioditli-n  of 
ihe«c  laftt-nieutioned  bodies:  t)ui«,  tntm  etlieno  luay  bo  derived  the  ful- 
lowing  aeries  uf  brumixiaUid  <Mitip<>uiid»  ; 


Bthrne C,H. 

Brumethene Cjlljir 

Dibrunietlieiiu  ....  CjH^lir, 
TriliroiDL'tlitin'  ....  <',I"''"j 
Tetrabrom(?th"ne    ,     .     .  C,Br. 


ICthen«  bromido  ....  C,H,Br, 
llrniiieiliL'ni^  bromide    .     .  (jHjBr.Brj 
Dibrotiiothenu  bromide      .  C,UJir|.Br, 
Trihronu'thent  hromi^iti    .  C,HHr,.Bp, 
TetriibromiMhent)  bromide   r,Br..Br, 


Fnrtlior,  a  nmnochlnrinatod  or  monobrominatt^l  olnfiiii?  may  ^ivi*  up  tlm 
mtuni  of  chlorine  or  bromine  which  it  cnntaiUH,  In  thi*  form  of  hydrorhlorir 
or  hydrnUromie  acid,  wlnw^by  it  in  rnduce<l  to  a  hvdrocnrboii  of  thf  ^prifs 
Cl.llin— 3-  This  r.-a*-ti<.n  nmy  lakr  pla.i*  at  l.'WK)-'irifK'  C.  (2i;*J  -s'Ki'>-  \fA, 
undi*r  ill*'  intlui>n(<<>  of  nle^tholio  potash,  or,  N-ttrr,  nf  itnrlium  othylule  (ob- 
laiiKil  by  dissolving  Mwltum  In  unhydnnia  alouhnl)  ;  thus  : 


CJI,Rr      + 
Bro  ate  til  one. 


NaOCJfj 

Sadhrm 
cthylate. 


NaBr 


EVbyl 
alcohol. 


Aoelyleoe. 


ChUrethrnfjtT  Vinjfl  Chloritte,  C,H^ri  —  rH,~CnCl  (the  nniva- 
b*nt  radicle  Cllyr~.CH — beinj;  cal1<*d  pinfl),  la  a  gas  having  an  alliaceous 
odor,  and  liquefying  at  18©  C.  (54.40  y,), 

Bromethene  or  I'lny/  Hrnmide,  C^H^Br,  smtdlH  like  the  chloride, 
baa  a  specific  gravity  of  1.52,  and  UiiU  at  23^  C,  (73. 40  F.).  When  kept 
in  ReaUrd  tubes,  it  sometimes  solidifies  to  a  whtte  omoriihous  mass,  having 
the  appearance  of  porcelain. 


Jodelktne  or  Vinyl  iodide,  C,HjI,  has  a  speciflo  gravity  of  1.08,  and 
mtSSOC.  (131^  FO- 


6I« 


HALOID    ETUEaS,    C.IInX,. 


Fropene  yieldn  three  series  of  moDfttomic  hiUoId  ethers  :  9.  ^., 

ao  (2.)  <3.) 

OHt  CH,  CU^r 

CH  CBr  CH 

I  B  I 

CEBr  CH,  CH, 

1.  Tlir  nnly  knowTi  elher  of  the  first  group  is  the  b  romi  de, 
liquid  boiling  fit  4&-'  C.  (118.4^  ¥.),  pruduciMl  by  utiiition  of  bydral 
aoid  10  ftllylttnu : 


CH,— CT=OH  +  HBr 


rCHBr. 


2.  The  uthcm  of  tho  second  irrrnip,  cnllml  chloropropene,  etc., 
forriiKfl  \>y  tlin  nclinti  uf  alcoholic  ]K>taAli  011  the  chloricli*,  t^tc.,  of  pi 
the  notion  conaUting  in  the  abstraction  of  HCl,  etc.  (p.  515)  : 

cu,— (uici— <:h,ci  —  uri  =  ch^— ccu^ch,  ; 

also  from  acetonu  chloride  (p.  519)  ; 

cUi— ca,— CH,  —  Ha  =  ch^— cci=rcH,. 

.jCkUntproprne  hiifl  n  apccifin  grftvlty  of  0.918  at  9*^  C.  (-^.2°  p,j^  gnj 
jMB^  ('.  (73.40  p.),  Urntm*prof»rff  lifts  a  speciflc  gravit/  of  1.41 1  at  15  -  «'. 
(S90  v.),  and  hoiU  at  .'iV.tiOC.  (13Ii.7-^  F.).  U  unitw  Jirwrtly  with  bwdra. 
gfin  bromfdi!,  forming  propciie  bromide, CH, — (.'HBr— CH,Br, and  ace- 
tone  bromitlH,  C'Hj — 4'Hr, — ('II,. 

3.  Th«  cthorH  nf  the  third  ppmip,  rnl|i*d  nUyl  othtTH.  are  analogoai 
In  constitution  to  allyl  alcohol,  Cll,011 — CU_CU„  and  will  be 
in  oonnoutiou  thertjwith. 


Diatomic  Ilalotd  Etkert,  C„Hj,X,. 

These  ethrrs  aro  fonni-d  :    1.    From  the  paraffins,  hy  direct  snbstil 
of  Cl^r,,  otc,  for  H,.     2.  From  tho  olrthu'ii,  C^H,^,  by  direct  addition  of 
Cl„  i»to.     3.  By  the  action  of  the  uhluridca,  bruuiides,  and  iodides  of 
phoruH  on  aldehydea  and  ketones  ;  thus, 

c,H.o      4-      PCI,      «      r,n.a,      -I 

Aldvliytle,  iJlehlorctbAae. 

-i-         PCI,        »        P:«"»Cl,        4-        POCl, 


POCI, 


r,H,n 

A««toii«. 


C^ILCl, 

Dlchloro- 
projiKoe. 


Methane  Derlvatlves-^/^iVA/f-omptAanf ,  Cn,Cl,,  is  formed 
by  chlorinAlioii  of  mrtUyl  I'hbiridt?,  CH3CI ;  and  by  the  action  of  chl 
on  dt-iodomnthane  or  on  methyl  iodido  : 

CH,I  -f  n,  =  CH,C1,  -1-  HI. 

It  Is  a  colorless  liquid,  having  n  speciflo  gravity  of  1.30  at  (IP, 
lngat4tPC.  (U»40F.). 

Di'iodomfthane^  CH,I-,  is  produced  by  heating  trichloro-  or 
tnclhane  to  130O  C.  (286°  F.)  with  fuming  liydriodie  acid: 

cncii  -h  4ni  =  rn,i,  -f  i,  +  snci. 


MM 
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Ik  oi7St«llii««  hi  oolorleas  shining  Umms  of  specific  graril/  3.34  ftt  (P, 

mdu  M  6^  C.  (42.8  F.),  ftod  boUa  at  182^  C.  (a59.(P  F.)- 

Btlian«  DerlTAtlvsBr  C^H^X^ — These  elhm  Admit  of  tvo  mndi- 
llcAlioiu,  accordiiigl.v  u  th«  twostonuuf  therhlorous  rsdide  3L  ar«  Altacked 
to  different  atonu,  or  to  the  saue  atom  of  carbon  ;  tbas 


CH.X 

cigc 


r 


The  ethers  of  the  flrst  modiflcation  are  forrai^  by  direr!  a<Hilion  of 
chlorine,  bromine,  or  iodine,  to  f^thone  :  th^  donWlH  linking  nf  the  two  oar- 
bnn-at4niu>  in  the  moh<cale  of  free  etht-n«  being  kwaened  by  the  entrance  of 
tU-  twn  rhlorine-atnnM  into  Uwr  gnmp,  and  Um  ethane  then  brooming  a 
l^raleut  radicle  ;  thiut, 

CH,  CH,a 

li       +       CI,       -       I 
CH,  CHjCL 

TImm   ethers  are  acoonlinglT'  regarded  aa  chloride,  bromide,  or  Iodide 
•ihene. 

The  ethern  of  the  ftfcnnd  mudifiration  are  prodnced  by  the  action  of  the 
prrchloride,  etc.,  of  ph4m|>horu}4  nn  aldi-hyde,  the  reaction  ronfitnlini^  in  the 
rvplAOement  of  the  oxygen  atom  of  tbia  compound  by  'Z  atoma  uf  clilorine, 
••«.,#.  ^., 

I       +     pfi,.ri,     -      I        +     pci,0 


CHO 


•IICL 


They  may  he  aapposed  to  oontaln  the  bivalent  radicle  ethide 
r.U      ;  but  this  radicle  has  not  been  isolated. 

cH,a 

Bthene  Chloride,  |  . — ^Tliia  comimnnd   has 

CH^n 
mg  tteiMi  known  by  the  nam**  of  fJutck  Ji^id,  having 
n  disctntTiil  by  four  Dutch  chemists  in  \1^^. 
hen  tH]iial  niraHUrtts  of  cthttne  gaa  and  chlorine 
r«?  mixed  ovt>r  wat4*r,  absorption  of  the  mixture 
ike»  place,  and  a  yHllowish  oily  liquid  is  produced, 
'liich  ooUt'ets  ii(M>n  the  surface  of  the  water,  and 
Itimately  xinks  to  the  bottom  !n  drops.  It  may  be 
lily  prepared,  in  quantity,  by  causing  th*<  two 
tooomhiue  in  a  glass  globe  (flg.  172)  having  a 
irrow  neck  at  thi>  lower  part,  dipping  into  a  small 
»Hlo,  to  rei>'iv«'  tim  priKluct.  The  two  ga^ee  are 
fuveyed  by  Keparute  UiU*Hf  and  ftnow*^!  t<»  mix  in 
\e  globe,  the  etheno  ^&a  tieing  k<>pt  n  little  in  ex- 
The  chlorine  should  Im>  waatietl  with  water, 
and  the  ethene  passed  through  strong  oil  of  vitriol, 
to  remove  vapor  of  ether  :  the  presence  of  solphu- 
>us  and  carlxMiic  acids  is  not  injurious.  Cnmbina- 
takr^  plaiv  vrry  rapidly,  and  the  liquid  product 
jkles  down  the  sides  of  the  gloN^  into  the  n-oeiver, 
»en  a  considerable  quantity  has  been  rnllt'i:tt'd,  it 
agitatc<l.  first  with  water,  and  afterwards  with 
icentrated  sulphuric  acid,  and,  lastly,  purified  by  distiUatioi 
44 
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rurv  olbi'iiti  ohlorid*  hi  a  thin,  eolorlcsB  liqnM,  of  frA^itnt  odor 
•ni'ol  tR-Jtf':  it  is  *l]gliily  aoluMt*  iu  walvr,  ami  rt^adilj  sn  m  ttltohol 
i»l|i*'r.  It  liuM  tt  sjKviGc  gravity  l.:i71  at  tiO,  anil  N.ils  M  >*riO  c,  (l»3C  p^ 
It  U  nuall'ttcti'd  by  oil  of  vitriol  or  £oli<l  pota:»?ium  hydrate*.  Whi.li 
iIaiui.'hI  it  Uunitt  with  a  grueiii&h.  smoky  light.  Wht*n  ln*ated  with 
&liH>liohc  <iululii>n  ■>!  (wilHMh,  it  is  shiwiy  rtwolvpd  into  potaiwiam  chU 
which  sipAfjittii,  and  chloretheiu',  C,HjCl,  whoiw  va]>or  rei^uires  lu 
OOoUmI  down  1*1 — IbO  C.  (—it. 40  F.)  l»rore  it  tnudfusu*  ;  at  Uiia  leuip' 
turo  it  foniiA  n  linipitl,  cdlorU^iM  liquid.  Chlorine  is  alittorln^l  hy  tfau 
li>r  MubAtnnot*.  and  a  v'«im[K>iiiul  is  vrtxhieed,  which  ooutaiiia  t  jH/.-l, ; 
ihftt  iM  in  turn  dpcifinpo»*>d  by  nu  Alcoholic  solution  of  potiu^h  iuit*  ]M)t 
hIiiiii  oliKiruli'  Aiid  aii^thrr  volatilL*  liquid,  C^UgUl,.  Thib  A*.-rtf»n1  rv«rti 
1ft  AMnUiffDiui  lu  that  Alruady  noticed  in  thu  csfio  of  the  bruiuiiu*  coi 
(p.  515). 

Sthldene  Chloride,  CM, — CIICI,,  is  l»08t  prepnroi  by  the  ael 
phcj-phinio  chloride  on  aMt-hyde :  it  is  also  formod  by  tht?  ac-tion  nf  .„ 
tin*'  >*)>  ctli,vl  chlori'lt'.  It  in  a  colorli'^i*  liquid  mtiidling  like  chlorofoii 
UnvInK  a  siH'cific  gravity  of  1.198,  and  boiliu};  at  5SO-5!tO  C,  (13u.4-i:W, 
y,l.  When  subjcetfl  to  the  action  of  chloriuo,  it  yields  thu  cuiuj 
^if.rt'ls  and  CH,C'1.C]1C1,,  together  with  uthor  products. 

Bthene  Bromide,  ClI.Rr — cn^nr,  obtaimnl  byaalnrating  bromiil? 
iOt^lniit  gofi,  is  an  oily  frn^'rant  liquid,  of  Kiwrifir  ^rravtly  tl.lii3  at  *2 
iiftl.M^  v.),  Uiilin;;  Jit  I2i>-^  C.  (2«4.iP  K.).  and  solidifying  at  OO  to  a 
UlUno  rous  vrhivh  molts  at  ^^  C.  (48.20  F.). 

Btbldene  Bromide,  CH, — THBr,.  ohtninod  similarly  to  the  chlnri 
U  A  li.iiiid  boiling  ill  ll<i-U40C.  (ZMi~2M.'i^  K.),  and  dwomptMiing  w 
hv^toil  with  wntiT. 

'I'tti'Ao   two   bromides    aro  aIao    formed   by   heating  monobronie throe 
{'ki^     OIIHr,  with  hydrobromio  acid,  tht3  ethene  compound  whun  the 
lA  highly  vonoentrati'd,  the  uthidenu  ujuipouBd  when  it  in  more  dilute. 


r^^ 


BiKvne  Iodide,  CUJ — ("11,1,  is  produced  by  the  din^tt  combinatio 

tiblih.'  wtDt   tllu'tio  in  suiLshinif  or  under  thi'  influence  of  heat.  aIho 
'I-    n.'  1,'iiH  inloan  alcoholic  tinlutiou  of  io<1ine.     It  crystallizes  fr 
iiinlti);  nrtvlb's,  mrlt.s  at  IIV^  V.  (ltj;5.40  K.),  and  drooutpo^e*  at 
t|..iahirc:i  into  tithcne  and  iodine. 

%UUU«4i«  Iodide,  CFljI — CHI,,  is  obtained  by  heating  the  chloride 

IKVI»C1,  4-  2AU,  «  2A1CI,  4-  3C,HJ,; 

^  II. >n  of  liydriixlic  acid  to  aoetylono  :  TjHj  +  2ni  =r,ll  J^. 
It  vt«Ylni|  A  Hpeoific  gravity  of  2.H4  at  OO,  and  boiling  at  ligo 


iMtVAtlveB,   CjHjX,. — ^Tlie  diatomic  ethors  derii 
A  ,\(  loiir  ni'MlifleationH,  aa  oxhihilcd  by  Lti«  follow! 


J 

1  h>oiteoe 
Itrwinlite. 

1.  Mcthylbrom- 

4.  TrltDPthene 

A«etol. 

bmmlde 

\W, 

cu, 

ClIjRr 

OWUfc^s 

CBr, 

1" 
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1.  The  propideBe  or  propjrlldena  ethers  are  formed  by  the  action 
*T  MIS  peiitju^hloridf,  ett..  on  pn^pyUc  aldfliydf-,  CU^— C'H, — CHO. 

[A  A  liiiiiid  hAvinguii  ulliai--iK>UH  iidor,  and  Uiilin^  At  H4-H70  C. 
..--.    -.uO  K.)>     TUm  brtmiiilM  and  irMlitlv  an*  nol  known. 

U.   Thi*  propftn  ••   or    p  rtpp  y  Ir  n**    r  t  h  ■?  rs    an*  fipriiii<«l  liy  direct  com- 

latiuu  of  propenv  with  uhiurini',  timminL-,  and  iodine.  When  tri*At«.<d 
with  silver  oxidi;  and  wnt«*r  thi<y  nrv  i:unv«rtwd  into  propeiui  aloolwl  or  pro- 
pylene glytMjl.  CHj — I'llnil — I'H^oH. 

'Th«  rb'lnriiU,  Cn^—i\\K'\—k'M^{X  ia  abo  forroiHl  by  thr  action  0/  ohlo- 
rini*.  in  siiimhiiic  «Md  in  |»rt^»*nDo  uf  iiflimT,  on  pflrudopropyl  chinrido, 
CH, — tlin — CU,.  If  i(Mlino  ia  not  prisent,  at:fUm»  chloride  is  form«-d  al 
the  saiut'  liuif.  l'rupi>ni<  ciiluri*!*.*  Uua  h  9|'*^^illc  gravity  uf  l.ltjj  at  M^  C 
( J7.J<^  F.;.  a"d  U>iU  at  i'»^  C.  (2<)H.4tJ  V.).  Tlie  Onmuiir,  fi.nmti  by  diri-cl 
coiohinatioD  ur  by  th**  action  of  bnuninu  on  (ifx^odoprupyl  bromide,  iit  a 
Ii4nid  of  flpecifiu  gravity  l.Wti  at  17-  C,  ((ili-G*^  K.),  and  Uiiling  at  142^ 
C.  (2*i7.ti^  K.)«     The    iodidt^  produi-.4sl    by  dirwit    ^^mibinalion  nf   projM'no 

itli    itxlinH  at  l>0-^  C.  (IIIlN'  F.),  \a  a  cob)rli><i»  oil  nut  diHtillabltf  without 

(ximpoaitiou. 

Tlie  I  liioridw  or  broDkido  of  prop<mf  heatod  with  water  at  200°  C.  (3920 
r.)  is  txfuvvrtud  into  prupiuuic  uMoiiydu  and  aoetouu  : — 


CH, 


2CHC1     -I-     2U,0     = 


CHjCl 
Prot^ae 

eliloridv. 


rii, 

I 

cii,    H 

Olio 
Propionic 
■l4lebyilu. 


.     CO     + 

Ac«toa«. 


4UC1 


3.  Tliw  projM.MH!  dorirftlivea  of  thu  form  C'Hj — CX, — ^'^V  •<*  produo'd 
fW>tn  ni*«loiiti  by  !}iilmtittiliun  of  Clf  or  Uti  for  O,  thu  HulMtitiition  l>olug 
^oflcoted  by  tho  action  of  VC\^  or  PBrj. 

Ae«i0»0  eftluruie,  or   Mrth^tc/iioractiol,  CHg— CCI,— CIL,  la  alao  prodiiuvd, 
thef  with  propuuo  chloride,  by  addition  of  UCl  to  allylune,  C|U^  thus : 


2C 

'iJH 


+     4UC1     = 


CH, 


+ 


run 

€11,01 


hy  chlorlnatlon  of  psendopropyl  nhlnrido.     It  ia  a  uolorbMiB  liqnid  of 
liflc  gravity  1.827  at  liPC.   (00.80  p.),  aw\  iK.ilinK  At  7t»o  C.  (I580 
8o<liuni  rodaoes  it  U>  ordinary  propt^np.     With  aliwdmlic  iM)taah  It 
diloropropene,  CH, — t'Cl_CII„  which  is  ttls<»  fornnvl   in  lb*'  aaitiv 
knner  from  propene  diobb<ridf.     Heated  to  iri(.»OC.  ('MyjfJ  F.)  with  water, 

partially  c<.inv«rtiil  into  atvtone. 
4,   Triniethenfj   Broinido,  rMjnr— Tlly— CHjBr,  is  forinpd  by  hi^ftl- 
Ig  allylaloobnl,  CMjIlCn — CH.OH.  wKb  bydn-tlironde  add  ;  also,  t<jgtlh««r 
ith  propene  bromide,  by  healing  aily'  bromidtr  to  llMP  with  hydrobromio 
»d.     Tl  i«  a  cobirlfss  liquid,  of  specific  Rravity  1.1*3  at  19©  i\  («fi.20  F.) 
id  boiling  at  1H20  c.  (:52:i.(P  F. ):  crinvt?rtwl  by  alcoholic  polaaU  Into  allyl 
oraide  and  allyl-«thvl  oxide,  ri[,i:CH— C:!!;^-')— ^MI^. 
~    im.'tln.n*-   oblorid.i,  CJI^Cl — CIl,— < III, CI,  foiiiii-.l  by  heating  the 
jidfl  to  ICIKi  C.  (33().2^  F.)  wiih  minnrio  cbl-.rldo,  i^  n  fr-i^runt  limiid 
ins  a  S]ieei(lo    gravity  of  1,201  at    IfP  C.    (.'ilt^  F.),  buiUny  al  1170C, 
'  F.;;  converted  by  alcoholio  potush  into  allyl-ethyl  oxide. 
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Triatomie   BaloTd  Ethetif  C^f!sv-i^»' 

Methenyl  Chloride  or  Chloroform,  CHCI3. — ^This  rompoQiul  U 

duc(Mi :    1.  Tngt'tluT  with  in.thtiiir  <hlori»K',  CHjCl,.  wbfn  Ji  mixtorei 
chlnriiK*  and  gius.xms  mothyl  ililnride  is  MXpi»8«xi  to  the  sun's  rajs.     3. 
the  action  of  alkAli«>A  on  chloral  (triohloraldehjrde): — 

r.HCljO     -I-     KOU     =     THCL,     +    CHKO, 
(AlorAl.  Cliloroforiii.      Potnanlum 

formnte. 

3.  B7  boiling  trioUloracotic  acid  with  aqueous  alkalit-s  : — 


CjIR'ljO,     +  2K(»U 


cHci,   +    KjCO,   +    n,o 


^ 
^ 


4.  By  tho  action  of  umsiumt  hydrogon  on  carbon  totrsclilarlile  ;— 

i:i\     +     H,     =     HCI     -h     CHCl,. 

6.  By  Iho  action  of  hyi>ophlorito8,  or  of  chlorine  in  presence  of  alka 
on    various    organic    substance's,   lut    inutliyl-.  ethyl-,  and    nuiyl-alcol 
aot'tio  acid,  tictstonc,  utc.   Thi*  reaction  is  ooraplicat'.*d,  eivin;  rise  to  »or< 
other  pHHliiold  ;  with  <x>muii>n  aUxjliol  and  calcium  hypuidilurite  the  prin- 
oipAl  reaction  appears  to  be — 

2C:,H/>  +  SCaCl^O,  =  2CIIC!,  -f-  2CaC0a  +  2C«C1,  -f  CaH^O,  + 

Chloroform  is  pr4^p:irocl  ou  the  lar^c  sc-ala  by  cantinusly  distilUng 
getlinr  good  ountniercial  ohtoridii  of  lime^  water,  and  alcohol.  Tliw  w 
product  distils  over  witli  tlu^  *lr«t  i>ortionB  of  water,  so  that  the  ojvera 
may  bu  iKion  internipteii  with  iidvantage.  The  chloroform,  wiiicb  ctv 
tutl's  tUo  tiily  i>ortic»n  i>f  tlie  di^itillalr.  iH  purified  by  agitation  with  wat 
duiiiccalioii  with  c^Ateiuin  cUl^'rido,  and  di^itillation  in  a  waler-lmtl 

Chlorornrin    ia  a  tinn   culurless    lii^uid  of  agreeable  ethereal  <Klor,  m: 
rusemblinK  that  of  I>iiteh  lii|uid,  and  of  a  sweetish  taste.     U»  dcnsit 
1.523   at  00,  and   it  bcnls   at  itlO  C.  <Ul.8F.):   the  density  of  its 
(compare<l  with  air)  \a  4.20.     I'hlnrnfnrra  in  difficult  to  kindlo,  and  h 
with  a  greenish  llame.     It  in  nearly  iiiuoluble  in  water,  and  is  not  alTi 
by  onneentrnttNl  xiilphuric  aeid.     When  tntiltMl  with  aqueous  potash  ia~i 
oloaod  tube,  it  is  converted  into  potoattium  chloride  and  formate:— 

niClj  -1-  4I!0K  =   3K(;i  +  CHKO,  -{-  211,0. 

Chlomform  is  widl  known  for  its  remarkable  effects  upon  the  animal  sys 
u  producing  temporary  insensibility  to  pain  when  its  vapor  is  inhaled 


^ 


Bromofonn,  <''llRrj,  Is  a  hoary,  rolntUc  Ifqnid,  prepared  by  the  simul- 
tniiiMiuR   aetloi)  y,f  brnmine   and   nqm^ous   alkalies  ou  alcohol,  wood-s; 
ami  ncidnne.     It  ha.H  a  deurfitr  of  '1.9  at  12^  (*.  {ft'A.lJO  p.),  fl4ilidifl«ftat 
C.  (IS.HO  F.),  and  Iwils  at  i.'tiui.'-,2P  C.  (SOi-TW.l.tP  F.).     It  Is  oonT 
by  c.'ui.ttic  pulash  into  potassium  bromide  and  formate. 

Zodoform,  C'HI,,  is  a  solid,  yellow,  crystAllizablo  jmbstanoc,  easily 
tAilitil  Ity  adding  nlct^hollo  snlntion  of  potash  tn  tincture  of  iodine,  nv' 
ing   excosH,  evajforating  the  whole  to  drrnena,  and    treating   (he  resi( 
with  water.     It  niolU  at  11.<>C'  C.  <246.20  P.),  and   distils  with  %apor^ 
water.     It  is  nearly  insoluble  iu  water,  but  dissnives  in  ale^ihol,  ant" 
decomposed  by  nlknlies  in  tite  same  manner  as  the  precinliug  ctmipoui 
Bromlut)  converts  it  into   brom  i  odoform ,  CHBrjI,  a  colorlims  M 
which  solidinea  at  \P.     Iodoform  distilled  with  phosphorus  p«>ntAchl< 


OALOID    ETHERS. 


531 


chloride.  E»  oof]T«rtad  into  cfaloriodoforin .  CUCl^,  ■ 
oolorlaMi  lk|UiJ  or  »|m«s1U:  ^rmvU/  l.Vtff  wbicii  do«  Dot  itoltdU/  »l  mi/ 
WmptjrAtare. 

Trioblorethane,  L*,U,ri,.  ■dmiu  of  two  mnrlifiratioiu.  rU. :  (1)  CU^ 
^^'Ll|.  foruiL-d  liv  tliu  ji«^ioii  of  rbloriu«  in  ffuUbtiiiif  on  Whjrl  cbli*rlcl«t. 
It  is  A  tiiiuiil  ltlll•'llill^  hkr  ehlumrnrui.  UhIIt))-  aJ  74.&OC.  (1(17.9^ KJi  «kd 
oonvtirletl  b^-  alii^jluiliu  j>ut«Bh  iulu  acftic  uvUi  :— 

CH,.(  01,  +  4KUU  «  CH,.CO.OK  +  3KCi  +  2iy). 

"^     '■"  '*1 — CIK'I,,  ohtflin^'il  hy  Uk  action  of  chlorine  on  rinjl  chh 
1:  {rwv  Vi*TL  AutUKii.).     It   U.iU  at  11,1=^1*.  (2a!t»  K-),  AJiii  hai. 

b^- ^.^vitjr  of  1.4:^^  at  iJ^.     Alcuhultc  jHiUuli  tiuluUuu  cuuverta  it  iuio 

dichIuretkoD«,  C,ll|Cl^ 

Tribromethane,  t'iH,Ur,,  is  obtained  bj  adding  brnnhui to  broowthmr, 
CjH|l$r.  oMil.xl  \<y  a.  itr«-/ii)g  mixtun*.  It  u  A  ooIotUm  iJHuitJ,  wlik-h 
amrlU  like  chlorJforio.  baa  a  tpM-iflc  gr^vay  of  2.620  aC  Zif-  i*.  <73.<l^  P.), 
ajid  boib)  at  iMj.oO  c.  (3(*7.7^  F.>.  AW^tbolio  pota*h  abatracU  UBr^  um- 
rertinj^  it  inlit   di  tiroiuethoue,  C,H,Ilr,. 

TrichloTOpropana,  r,H^Cl|,  admita  of  four  modiflutioiu,  ro]»rc»Bnlod 
by  Ibe  following  furiualiu  : — 


4 


(1)  CU,— <»,— CCl,. 

(2)  <;H|— <  IKI— CHCl,. 


(3)  cn^Ti-— cn,ci. 

(4)  nH,ri— f:Hn— <'H,ri. 


last  of  LhaiL*,  which  i*  thtt   ronst   important,  in  a4iaUvnu«  in  (nnipoct* 

to  glycArin,  C|Ht(<>H)g,  and  will  W  i|i«criliHd,  twgvlbtir  wllb  Ih**  flor- 

bnunino*  and  iodiue-duriv«tiTM»   in    oonnvoUon  with    that 


Ilalotd  Ethttrg  a/  Highfr    Order§, 

TetrachloTomethano,  or  Carbon  Tetrachloride,  t'C\^,  In  for 

by  pn^Hiiig  Ui.-  vnjMtr  ot  rarlMHi  bittilj^lii'l.-,  to^.-tlnT  wuh  rblorinr,  tlinuigh 
n^l-hot  ponvlnin  iiiImi.  A  nnxtiin* of  hiil|ih(iri')itnrido  and  rarlmn  tt'trn- 
loride  in  form.-d,  which  ih  di!>t)llei|  with  |Kitjwh.  wh-n-hy  tbo  rhlnrM''  of 
Iphur  is  dewiiiiiMwcd,  ami  pur*  carbon  totrachlorhb'  paaxra  ovi»r.  It  la 
eolorleaa  liquiil  of  1.5(j  spi^tific  gravity,  and  ftoilft  at  770  r.  (170.0OF.). 
•  aanw  compound  is  formi'il  liy  (*xhaufiling  lhi>  action  of  rlilnrin4>  ii|>on 
b-gaa  or  mMhyl  rhlondtf  in  ann«hin(*.  An  ah->'hnlir  tolutlon  of  pot- 
h  eonTcrtd  it  into  a  mixture  of  potassium  chloride  and  irarbonate. 

Tetrabromomethane,  <>r   Carbon  Tetrabromtde,  CBr|,  is   fomiM 

by  the    autiun  of  bruiuiiur,  in    pri'Mi'ni.*'  of  lihliiui    brunildp  or  antiranniouft 

iromiile,  on  carUin  8ulplii(l»'.  hr'nnoptfrln,  bromofnrm,  or  chlnrofnrm.     It 

a  whiu*  cr3'Htalline  fttilrttnnc*^,  hnving  a  npucifK'  gravjtv  of  3.42  at  l-P 

(57.2D  F.).  moltB  at  9lO  C.  (195.8  P.),  and  hoils  with  »Ii«ht  dcconipo*!- 

m  At  IttS.JOc.  (373.10  F.>.     Healed   to  ll>fP  with   alcohol  in  a  M--ftlod 

>,  it  yieldit  hydrogen  bromide,  alduhydo,  and  bromoforiu  ;— 

CB,  4-  f*,"«0  =   HBr  +  r,n/)  +  rilUr,. 


ib«. 


Tvlra-lodomethane,  or  Carbon  Tetra-todlda,  CI,,  I«  produced  by 
ktlng  tflirorhloruihane  with  iodide  of  alnndnium.     It  cryslulllzes  from 

44* 
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ethor  in  dArk-r«»<)  iwgnlar  octohMmns  of  Kpociflc  grnvity  4-32  al  2(P  C. 
(tt8^  F.),  luiU  deoompoMe  on  exjKiaurti  to  the  aur,  MpeciaU^  at  high  tcsu] 
ftturefl,  /iuMing  iodtna  uid  cArboa  dioxide. 

Tetrabrom ethane.  r^Il^Kr,,  formed  by  direct  oombinution  of  bromiw 
Willi  iiitir<jiit><ttijiiit',  CjHjHr,,  or  with  ac«<t.vltMif*,  C',ll^  U  a  liguid  tuvisj;  t 
B|Miuiflr  /gravity  of  2.b»  iit  22«^  C,  C71.U'-'  P.).  boiling  at  IUKkj  C.  (392^  K.). 
and  ftuliilifviug  in  a  frecxtng  mixturv  tu  awhile  orystaUiup  mas*.  Hj 
hi.-atii)g  with  alcoholic  putaiih  it  ia  ounvertod  into  tribruiuet 
CUUr,. 

Tetrabromethene,  or  Carbon  Dibromlde,  C,Br^^  is  formed 

a^iliou  ut  iUuuhulic  ^losIi  vu  pfutabiumt'lhan*-  : — 

C,IIBra  +  KOH  —  C,Br^  +  KBr  +  1I,0. 
or  by  treating  uoiuuiun  aluohul  ur  etlitT  with  bromine 
+  8Br  «  C,Br,  +  41!  Br  + 


C,H.O 

Alcoliul. 


11,0 


+  ICBr  =  2C,Br,  +  8UBr  +  H,0. 


It  crystallixefl  in  while  plates,  melU  at  &QO  C.  (120.20  F.),  and  iqI 
without  alteration. 


Tetrachlorethaae,  or  Caibon  Dichlozide,  CjCI^.  obtained  by 
ing  tim  va^K'!-  ol  thu  trichlundo  ur   UitrHchloriiK^  through  a  rtMl-liut 
either  atone  or  mixed  with  hydrogen,  or  by  1h*j  action  of  iiAac*-nt  hydn^ 
geu  (xlno  and  dilute  aulphuriu  acid)  on  thu  trichliirid<<,  in  a  mobile  liquid 
of  epedllo  gravity  i.G2i),  lK)iling  at  UTO  ('.  ('M'Z.iSO  K.).     \Vh*>n  h#^at«a: 
2(KP  C.  <Ul(lP  K.)  with    potuduium    hydroxiile,  it  it>  conipU'U'ly  conri 
into  potaiiitiuui  L'hloridu  anil  oxalate,  with  evutuUuu  of  hydrogen : 

C,C1,     +     CKOH     «     4KCI     -I-     C,K,0^     +     211,0     -f-     H, 

It  ftlMortw  chlorinu  and  bromine  in  t4un»liiiH',  forming  in  the  one  cai 
tricliUiriilii,  (:,t.'l«,  and  in  the  other  the  chlorobruiiiidu,  C,Cl4Br|. 

Fantabrometbana,   C,HBr|,  obtained   by  slowly  diatiUing  tribrom^ 
thenv,  tljllllrj,  with   bromine,  or   by  thfl  action  of  bromine  on  acetyl 
crvstallix4>fl  from  alcohol  in  prism-s  smelling  like  camphor,  uivltiug  at 
&0O  C.  (130.2-1220  F.),  and  decnnipoeed  by  diatillalion. 


] 


Rexbromethana,  »r  Carbon  Tribromlda,  C,Br,.  i#  formed  by  ^ 
in^;  itu'  ililiniiauli'  uilh  hrttiiiiitf  in  a  »<*iilc<l  tulw,  or  by  hfaling  either  of 
Iho  oompouudii,  e',ll,Br|,  CjUBr^,  with  bromino  iu  &  scaled  tube; 


C,TLBr.  +  Rr,  =  2HBr  +  C,Br, 
CjHBrj    -1-  Br,  »     HBr  +  C,Br.. 


Thin  compound  dianolrpe  sparingly  in  almhol  or  ether,  eaaily  In  carbon 
Bulphiilt*.  frtim  which  it  srparatw*  on  evap*ir«tion  in  hard,  rR»h»T  thick  n*- 
tangular  priHms.  At  2(Hu:!U>0  c.  (392-4i<io  F.)  it  uit^lu  aiid  dixxtm}! 
yielding  carbon  dihromido  and  froe  bromine. 


■  off 


Bexohlorethana,  "r  Carbon  Triohlorlda,  r  ri^  —  rn,— CCl,,  la 
flnnl  prmlu-t   of   th»i  aolioii   of  rhl. trine    in  simKhiin'  on  Khyl  chloride, 
CjUjCI,  or  elhcnc  chloride,  CjU^CI,.     It  is  a  wKiU%  rry»laUitu«  »ubs 
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latio  odor,  inso1nblf>  in  wnter,  bnt  easily  diiinlvMl  hj  iUcnhoX  mid 

:  il  mclu  at  16V    C.  (320O  F.).  and  I'oils  al  1«^  tJ-  (36^.00  K.)«     U 

ir  la   with  rlifficulty,  and    i»   nut  alt«rt.<d  l>j  dintiUatinn  with  aqucouji  ur 

iMiholie  potjuh.     ll«  vapor,  i(a?>sod  throagh  a  rt'd-hot  porcelain  tabo  ftUfd 

with  frogiuenU  of  glass  or  rock-cr/Htal,  la  deooinpoavd  into  free  ohlorinv, 

and  I  ho  diohlorido,  t*,CI,. 

TetraoIiloTodibromatbuie,  or  Carboa  Chlorobromldv,  ^V'^i^'s* 
fonuod  by  tho  aotiou  uf  bri^mint*  in  8un»hiuo  on  tho  dichlorid«*,  C^'l^j  ia  A 

whit4!  cr^stttlliuti  body  rcaeuibling  ttie  triohloridu. 

Carbou  mniioch  loride,  C,C'I(.  analogoaa  to  ethine  or  aoetjlcne,  Is 
obtaiuod  by  ji&ssiiig  tbii  vapor  of  cblurufomi  or  of  carUjii-dichloride  through 
a  rod-hot  tubt«.  It  furma  whiltj  noodlea,  nubliiuiug  botwuvu  17^^  aud  2M30 
C.  C34T-3aiP  F.)- 

I  Tbesa  oooipoanda,  Uom«>ric  with  tho  nitrous  Hhcrs  of  the  fktt/  avrfca, 

Are  prodaood,  togeth«;r  with  tho  latter,  by  tho  actinn  uf  itUvcr  nitrito  on 
the  lodoparaffina  or  alcoholic  iiMlide«,— nitromuthaxiit,  for  <;x.auipIo,  from 
methyl  Iodide : 

H,CI    +    AgNO,    »    Agl    4-    H,CNO,. 

They  are  also  rnrme<l  by  the  a4?tion  of  nitrogen  U)truxid«,  or  of  fuming 
nilrJe  acid,  on  thu  hyilnM^arbuna  of  the  ethcnu  fleries  ; 


NITROPARAFFIKS,  r.H^+.CNOj). 


Etbeoe. 


+     K.O. 


Dtoltroethane. 


NilrooMthaae. 


IK     ss      2II.0 


They  hava  their  nitro{?cn-atom  in  direct  nninn  with  a  cnrbon-atom,  and 
are  otmsaqaentiy  wmvurtod  by  noacont  hydrogen  (evolved  from  water  by 
■odiam-ftmAlgant)  into  amidopararfius  or  auiiufH;  fl.y., 

MethylamllM. 

The  nitrons  «th««n),  nn  the  oth^r  hand,  which  an*  foruitMl  by  the  action 
of  nitrous  scid  nn  th»  corresponding  alcnhol.a,  hare  thoir  nitrogen  unitvd 
with  carbon,  only  throagh  thu  modium  uf  oxyj^cn  ;  e.  g., 


Methyl  mtroui 

alcohol.  Kcld. 


Uetbrl 
oHrlte. 


and  are  aooordingly  conT^^rted  by  nascent  hydrogen  Into  anunonia  and  the 
iponding  aloohola  ;  e.  g., 


Methyl  nitrite. 


4-     H,     —      H,0     +      NHa     -|- 


H 
Methyl  alcohol. 


^H  The  nitroparafflus  are  mostly  deoomposM,  with  expU^ion,  when  rapidly 
^^K«Aled.     They  are  not  decouipoetid  by  potash  or  soda,  whereas  t|io  fuM^aa 


524 


NITROPARAFriNS, 


otliora  arc  qniokl^r  nwolrod  thereby  into  nitroDS  add  an*!  the 

XTltromotbane,  CH,.NO^,  ia  formed,  aa  above  stated,  bjr  the  artiofi 
ailver  nitrite*  ou  tuollijrl  Hxlide.  Thu  action  U  v^ry  vjuU*nt,  and  tlievll 
of  Itio  tiifthyl  UHlidt*  is  cunvcrU'd  into  nitroiDetUano,  without  a  iraca  ti' 
isoiuerio  mc'tKyl  nitriU'.  It  itt  nl.so  ftiruird  by  heatiug  th«  jMJtaasiuml 
of  monochlurnci'tui  aoiil  with  inHiUKiuni  nitrite  : 


2(CU/:i.C0^)     +     2N0^ 


+     ",0 


+ 


2KCI     + 


'M 


NilromothaiiP  is  a  heavy  oil,  having  a  pecniiar  odor,  and  hnilinratj 
lOIO.  WIuMi  trcatpcj  with  an  aU^Oiolic  fiolutian  of  sotla,  it  yirltu  Irl 
parent  iiin.'dlL's  of  tlie  ittidiuin  dcrivalivp,  rHg?s'a(NO,),  tht>  aijiteoasHl 
tinn  of  whJL'h  givoa  L-buracturistio  precipitaton  with  varioua 
Kolnlinnit. 

Itrnmniiitrtimeihnnfi,  CH,Br.NO|,  fbnand  by  the  action  of  bromii 
drv  siHiiiim  conipoiinJ.iH  a  hoaw,  pungent,  strongly  refracting" 
bulling  ftt  143-1440  c.  (2biw;i!H.i'6  j.'.). 


It  eons  M 
ingHQ 


Nltroethane,  r,lTjNO,  =  CFIj— CH^NO,,  proparwi  like  the  mcthi 
diTir Alive,  xa  ac<)Ii>rlt*sa,  strottglv  rt^frncting  liquid,  having  a  frag^rant  H 
real  oU.r.  a  sw-otflc  gravity  =  i.0ri82  at  V6^  C.  (.15.40  F.).  and  b^iiliiii 
Ul-ll.P  C.  (-i;!!.. ^205 .40  F.)  :  fthyl  nitrite  boils  at  ll^^  C.  (60.9C  1 
Tbti  vapor  in  inflammable,  ami  burmt  with  a  palo  yellow  flame,  but  ^ 
not  explode,  even  when  boated  above  its  boiling  jwiDt.  By  nascent  hy< 
geu  it  is  converted  into  amidethann  or   etbrlnmino,  C,Uj,NH| 

/iromanilrtHithttne,  CjH^Br.NO,,  and  tiihromonitroelhtint,  C,lJjHr^(NO^, 
formt.Hi  bv  the  action  of  bnjmine  on  soflium-nitro«fthane.  The  fomer  I 
heavy  add  oil,  boiling  at  J-in-MS^^  C.  (:ii>;U2!tS.40  F.),  tln>  latter  a  mo! 
nuutral  liquid,  boiling  at  1U2-IU40  C.  (;J23.G-327.20  F.). 

Nltropropanea,  CaFTyNO,.— There  are  two  isomerto  bodies  having  i 
com ]M>9i  lion,  obtained  by  the  autton  of  silver  nitrite  on  the  lodidra  of  nofi 
propyl  and  psoudopropyl  rpspt^clively. 

SitroprnjHinf^,  ('11, — ("11, — (H, — NO,,  is  a  limpid  mnbile  li«]oid,  very  II 
lyjavior  tlian  water,  nnd  l»oiling  at  I'ii-lii"^  C.  (251.0-200.00  F.)- 

ne>uiu-nitrofm>j>imt;   [}>['>ril— NO,,  boila  at  112-H70  C.  (233, 

F.).     Both  form  cryslalliue  sodium  compounds. 


r. 

n 


TIT. 


NitTO-Uobutane,  r,n,NO,  »  jj»J,>cn— TH^— NO,,  frtmi  isohaly] 

diilr,  lit  a,n  oil  smr-llin);  like  pep{>ennint,  l>iilin)j;  at  13&-140O  C.  (27^^ 
F.)  and  converted  by  nascent  hydrogen  into  isobutylamine. 

Nitro-Uop«ntane,  C»R|,NO,  s  ^a^^CH— <'H,-^'H^— N( 

by  the  notion  of  silrur  nitrite  on  ordinary  amyl  iodide,  boiU  at 
C.  (3ll-3iUO  F.). 


.  (27i^^ 


RMctioHS  of  Nitropara^^M  with  Mrtalh'c  Salti. — The  following  table 
hibits  the  rpArtions  of  various  meialUa  units  with  the  sotlium  compou 
of  nitnimothanf*,  nitroethaiii>,  and  the  two  nitropropanes,  whieh  ar#>  si 
oiently  charnctoristic  to  bo  used  for  distinguiahing  these  oompouada 
from  the  other. 


^^^^^^^^^^^^^^^^^^^^^^^^^^P 

^V* 

^^^^H 

^^^^H 

M„-^^^^^^l 

W 

Sodlum-derlTallre  of                                                      ^^ 

Nltromelhaoe. 

Nltro-ctbane. 

NitropropADo. 

propane.               ^| 

McKurlo 

Llyht   Ttfllow 
prcclpiuiei 

eaplostve. 

WhUeeryitAl' 
Uae  pfvelpU 
Utc 

White  eryttnl- 
line  preolpt' 
Ule. 

Wlitte  crystal-           ^| 

Uae  pmlul.               ^M 
^1 

BUnuroiu 
Bitrftle. 

Blaek  flofculcnt 
precipltKte. 

Dlrty-fTAj  pre. 

el  pi  I  Ate. 

BlMk  floeeulent 
preelpltate. 

Blkckflovrulent                ' 
prtwlpltiite. 

Bloo<l-red   soltt.         S 

^1 

Ffrrle 
etilurtOc. 

iMrfc  brawiilvli- 
red  preclpltiite. 

OriuM-irreeapiv- 
etpitAta. 

BlmMl-red  eolor- 
ntlau. 

Derp'greon  ao- 
luiiun. 

Bloo«l-r«d    eolu- 
tton. 

Cuprlc 
■ulpli«t«. 

Deep.sreen  lo- 

l>ee|>.freca  lo-                   " 

lUllOD. 

I>im! 

A««lJltC 

White  preclpl. 
tkte. 

0 

White  preclpl- 
Ute. 

White  preclpl- 
tnte,  gmdunlly 
tur  at  Of  brown. 

0 

8llTer       1  While  prcelpi- 
nilrAte.          ttrf,  nlmost 
ixamcaihteiy 
turuing  blnck 

While  preclpl- 
tale,  MWD  turn- 
laf  orowa. 

LiKhl  yellow    ^^^H 

•con  turatnr         ^^H 
blaek.                        ■ 

Artiott  of  A'lVroM*  .4ri</  ofi  the  yUrajHirti^nt. — Th©  r^actlonfl  of  th«»«  bodies 
with   nitrons  acid  <nr  Uaiti^r,  with   i>otafiBium  nitrite  and  sulphnric  «Htl) 
differ  (»n!'i<l('rnbly.  nrrordiiiK  as  thojr  contain  pritnao',  sewndar/,  ur  ter- 
tiary alcohol-radicles  (^j.  4\Hi). 

On  treating  thn  nitro-compounds  of  thf   primary  alcohol  radlole*.  in 
which   thtt  Mlj.grnup  ia  united    to  the  group  TH,.  with   potaaaiam  nitritu 
and  dilultf  sulphuric  arid,  the  Holution  ucquirea  &  decp-nsl  color,  and  com- 
pounda  called   nitrolic   acids,  having  the  general  fomiula^                         ^m 

»           — C            fJ 

arn  prodaecd   by  Bnbstitntion  of  nttrotiyl,  NO,  for  one  of  the   hydrogen-        S 
^^Mufl  in  the  group,  CH,;  thua —                                                                                 ^ 
■                Nilropropane.      J                      PropyMntr^lr  acid,                                 ■ 

m    ch,^hUo,  j  ''"^^  \  ^'"--K^T^               1 

The  nhmlic  acids  are  oolnrless,  crywtalline  NhUp*.  iioliiWe  in  ether.     Their 
alknli-fialta  ha%-ft  a  dei-p-rnd  color  :  hunoe  the  red  tint  produc**d  at  th«  com- 
mencement of  the  reaction  abore  mentioned,  and  diHapi>eariug  when  the 
Bulphurie  aeid  in  afUle<l  In  exoeaa. 

The  nitro-rompoiindii  of  the  sppondary  alcohol-radlclefl,  in  which  tho 
NO,  iff  linked  to  the  group  CH.  give,  whon  Bimilarly  Ireiited,  deep-Mue 
aohiticns,  which  after  a  while  deposit  colorleaa  compounds  called  paeudo- 
nltroU  ;  e.  y. — 

^^L                laonitropropane,  "l               ^Tsopropvl-i«''iidouitrol,                            ^H 

1    Thew  ooTnpnnnds  are  oolorleu  in  the  aolid  state,  dark-bine  in  the  fused 
■^plc  or  in  Bolution. 
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The  nltro-oompoands  of  the  tertinry  alcohol-riulIclM,  in  which 
KO,-griinp  is  osaociatod  only  with  carUiit  :  e.  3.,  (CUj)jCXO^  arc  nril 
deoomposetl  nor  oolortHl  hy  nitroiiK  m-id. 

Thiwe  r«aotioiiB  ntfonl  a  characlvrUtU'  and  delicat«  tc«t  for  distiR^;). 
ItiK  tho  primary,  flucoudary,  and  WrLiary  alcohol-radicles  (in  their 
from  ouu  another. 


I 


Xitropara^tui  of  ITitjKer  OnlrrM. 

Trlnltromethane,  «»r  Nltroform,  CH(.\0.j),,  U  produc«#tl  by  tho 
of  nilrit;  ai'-id  mi  Tari<iu.s  nr^jiiiir  eMiit[>nnU(Id,  but  i<t  unuit   C(tnvvuic>n1ly 
tained  sa  an  Ammonium  salt,  ('CN<),)3Mi^,  by  the  actii>ti  of  waf*''r  or  ah 
on    trtnitractftonitril    or    cyanotrinitro-mctbano :    C(-Ni>,),CN   -|-  2fl^ 
0(N'<>,)iNlI,  -f-  I'O^;   and  on   tn^ating  tho  yellow   crystAUme  salt  l" 
funned  wilb  alroug  sulphuric  auid,  iiitroforia  'it*  obtuinml  in  the  dm  sX 

Witrofonn,  at  lowpwrattircjn  alx>vu  l.'iO  (*.  (riliO  p.^^  \g  f^  colorJrAS  oil 
low  that  tomperaluro  It  solididus  in  colorU*iss  cubic  crystals.     It  Is 
ratcly  soluble  in  ivator,  forming  a  dnrk  ypllow  solution.      It  cannot  bo 
tillet:!,  aa  it  explo^lus  with  viuU-nct*  when  heati^l. 

The  atom  of  hydrogtjn  in  iiitrnftirm  may  Im)  r<>pUuod  rither  by  mctatsi 
by  ohloroua  radicles,  nami-ly,  brumiuc  and  nitryl.     Tho  mctAflic  dt-ri 
tivefl  or  salts  of  nitm/orm^  aro  for  thu  moet  part  ytillow  and  crystalUxat 
thoy  explode  when  heatud. 

Bromonitroforin,  C(XO,)^Br,  producorl  by  exposing  iiitntform  tn 
aoliun  nt  brnmiMH   I'ur  sitmu  days  undi<r  tho  influence  i»r  iliri'ot  ^un^hl 
or  mom  easily  hy  trrMiting  au   jujuifjus  Bolution  of  mrmurio   nitnifri 
C,(N(>,)glIj;,  with  bromino,  i^  o  colorlfs**  liquid  alxtvu  12°  C.  (jXiP  P< 
but  8(>iiditii*a    livlow   tint  tompi^raturu  tn  a  whitt^  rryftlalline  mass.     It* 
somewhat  solubto  in  wator,  and  ni.iy  bt*  di^stilh'd  with  ai^uti^us  vapor,  of 
in  a  tiurront  of  air.     It  dvcompt>sua  at  14i)0  C.  ('JWC>  i.\j. 

Tetranitromethane,  C(N0|)4,  U  prodnood  by  treating  nitroform 
fumiii>;  nitric  and  Nulphiirio  aridfl,  heating  tho  liquid  to  llMK),  )uid  pasul 
air  tJirou^h  it.     A  liquid  then  distils  over,  from  which  water  thrown  d< 
ttilranitronit'thanti  ra  a  lieavy  oil. 

TMLrauitromnthant)  i.s  liqnid  at  ordinary  temperaturAR,  bnt  fiol{tlin(<« 
13^0.  (55.40  F.)  to  a  whito  crystallinu  ma.-i8.  It  is  insoluble  in  wat 
but  soluble  in  alcohol  and  ether.  It  boils  at  12G0  C.  (258.80  F.),  and 
like  nitroform,  may  ho  di.stillfMi  without  deooinpoaitian.  Whem  quid 
ht^ated  it  d(«compo8os,  with  t'rolutinn  of  nitrous  vapors,  but  without  ex] 
sion.  It  does  not  take  fire  hy  contact  with  tlnmu,  but  a  glowing  coal 
which  it  is  poured  burns  witli  n  brij;ht  light. 

Nltrotrlchloromethane,  Nitro chloroform  or   Chloroplcrin, 

C(NO,)(Jlj,  is  produced  by  tho  action  of  nitrlo  acid  on  various  chlorinal 
organic  eomi>«iundH— ^rtilontl,  for  exniuplu  ;    also  by  that  of  elilurine*or 
pochloriloa  on  uitro-cnmpounds,  su'ch    as   fulminating  silver,  (^N',Oy 
and  picric  acid,  r,n,(NOj)jO.     To  prepare  it,  10  parts  of  freshly  prop 
bleaching  )M»wder,  madn  into  a  Ihiuk  pMsto  with  water,  ar«  introduced  i 
8  retort,  and  a  saturated  Bnluvinn  of  1  pnrt  of  picric  acid  hftate<l  to3(K> 
(8t»C  F.)  is  oildnd.     Itcftction  tlicn  jjcncrnlly  takes  plnce,  witlumt  fart 
bvAiLn:;,  and  the  chloropicrin  HisliU  over  with  vaptir  of  water. 

Chloropicrin  i>*  a  eolurb-^t  liquid,  htirinj;  a  BiH>rlfio  prariiy  of  l.Gfl.'i, 
b«jiling  at  112^  <'.  (23:J,00  K.).  It  has  a  very  pungent  o.lor.  and  oxpl 
wboQ  tiaddouly  heftUsd.     \iy  tho  action  of  noac^nt  hydrogen  (oroWed 
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le  a^ftioBof  inm  on  aeeCie  Mid)  U  to  redaeed  lo  ftBl4«m*lk««*_«t_ 

rn,.No,  +  i2U  »  cH,.xng  +  3iia  +  311,0. 


Bromoplcrin,  r(NOj)Rrj,  In  formixd  to  Uk»  maniiar  by  h#«IJnf  plirl* 
(^lAk>*<l  lim«  »n<l  l>nitHtiii*)*     I*  vU»tt\y  in- 
low  iLioc.  (^OOP.):  «u>i  utiy  UUuultMi 

i(ni:i.|MiMillOII. 


]M  id   wilU  c:ili:iutii  ll^ 

fic'cnblt-ii  chloru(ji(TJn, 
in  a  vacuum  wilUuuL 


DlnitxodiohloTomethano,  C(NO,),C^  (c<immotity  eftll«l  UtHiffntw'i 
oiV),  i>tiUiiit<«l  lij  dUtilLiug  ohloronapUtluLlenv  wiUi  DlUlo  ftolil,  I*  VM^ 
ftbUcli  Itkc  cUiufupicrtiL. 


AMIDOPARAFTZHa 


ThMM*  ar«  dariratircs  formed  by  th"  ri'|it«r4nDHui  uf  I.  Sj  M  auirii  llj 
gvu-Atonu  In  a  paraflUi  br  tlit*  munalutuiu  radirlit  uiiiduifoM,  If ll|  t  •■  ff.^ 

AmldD-rtiiAnc,      CjU^NU, 

They  are  volatile  att'l       -  '' 

havjor  with  a^'kU  .hi  - 


i*^i 


Amldocttuav     v  91  fv' 

in 

Diamidocth&no  »  X«Hr^<^ 


inono-«Ii«riTaliv>>«  arafonnod  by  tlMMtlMVi^ 

lilmparafTiiiH  :   nilnielliAQo,  foraxMnplay 
is  converted  iuto  uthylamino  t'— 

c,Uj(No,)   +   11,  =.   2n/>   4-    ^J»^^* 

t  lh*»y  ttTft  morn  readily  pritpari-d   by  ntbrt"  •'••^ 
rith  the  proportica  and  reactions  of  Uie»o  lM^i«*# 
tare  chapter. 


AZOPARATFINS,    NITRILB.    ••  ^^ 

Tlieso  cnmpounds  may  \w  rejfardfd  as  tImH*"" 
lltutioii  of  trivAlent  nilrf>g*'u  for  3  aloniit  •  ' 
uitro^pii  with  trivalynt  radiolus,  C,H„ 
lh«  unir.ilcnt  radirl**,  N30—  (oyanog^u/   ^* 


If  n 


■;»,an 


,l-»r^^ 
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Azniiirthane,  ML-tlirnyl  Nitril,  or  Hydrogen  Cjrauide,  &'3C — •! 
AztMftUaiic,  Etbtinyl  NitriL,  or  MKhyl  Cyanide,  NlZC- 

Aioprupoue,  Propeayl  NitriL,  or  KtUyl  Cyanide,  N~C- 

TlitTe  mrc  also  cy&nidea  derirtvi  from  hydrocarbons  belonging  to'J 
arunuitio  ^oap,  e.  jTm  phenyl  oyauid«,  C|I1(N^eC',11^.CN,  from  lolM 

Cyanogen  is  obtained  in  the  free  state,  as  slrt'iuly  described  (p.1 
by  the  at-tion  of  heal  ou  nifixuric  cyanide.  It  ia  a  colorlees,  inflammi 
goA,  of  apt<cillc  gravity  2ti  (H^Kj  Its  molecalar  weight  is  therelan> 
ami  it  is  ropresentttd  by  the  formula, 


C,N, 
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which  gires  2  X  12+2  X  14^62. 

The  univalent  radick-  CN  is  ofttin  represented  by  the  shorter  fonDnU 
III  the  prvpAration  of  tyamigen  from  mercuric  cyanide,  a  brownk] 
blaokitih  snljst&nce,  called  paracy  anogcn ,  ia  always  fonned  in  fl 
quantity.  It  is  inftolublo  in  water,  and  wh«>D  calcined  in  a  ^aswhicbi 
not  Oct  u|K)n  it.  such  as  nitrogen  or  carl>on  dioxide,  is  t-viniptetely  vol 
is«il  iu  the  form  of  cyanogvn  gas,  without  leaving  any  i-arbonj 
duo :  hence  it  appears  to  bo  isomeric  or  polymeric  with  cyanogej 


IA0M|J 


Bydroeen  Cyanide;   Eydrocyanio  or  Prnaalo  AO 

]I( 'iN.— -fhis  very    iiii|)i'r1.'int    i^>m]nuiiid,  »u  munrkalile  lur   its   poiso^ 
properties,  was  diacoverwl  ai*  early  as  17H2  by  Scheele. 

Puru  anhydrous  hylroey.inic  add  may  Iw  obtained  by  passing  dry 
phtirt?tted  hydrogiii  ^'an  ov.t  dry  meri-nric  cynnirte,  gently  lii>at«xi  in  ari 
tiilK'  connwte<l  with  n  piiisU  receiver  cwiU-d  by  a  freezing  mixture.  " 
a  tliin,  iHilurlms,  an<l  cxcet-dinglY  volatile  liquid,  which  hna  a  densii 
0.7U5B  at  l.-J-^  i'.  <4no  K.).  boils  at  26.10  C.  (RO  K.),  and  solidifies  v 
iiMded  to  ^—18'^  C.  ({).4P  K.)  :  its  odor  is  very  jiowerlul  and  mnttt  cbarw 
ifttii^  much  resembling  thai  of  jieai'h-btnttHoms  or  bitter  slmond-oil  ;  i| 
a  very  feeble  acid  reaction,  and  mixes  with  water  and  alcohol  in  all 
portions.  In  the  anhydrouit  state  this  substance  constitutes  one  of 
moAt  rnrmidabli*  iKiinoiis  kmiwn,  and  evt-n  when  largely  diluted  with  wi 
its  elTects  uptm  the  animal  system  aro  i>xeeedingly  energetic  :  it  is 
jiIoy^Ml,  however,  in  mediciue,  in  wry  small  doses.  The  inhalation  ol 
vapor  should  be  carefully  Avoided  in  all  cxperiuienta  in  which  hydroey 
aold  is  ooneeriKyl.  as  it  produces  headache,  giddiness,  and  other  dissg 
able  symptoiti!*;   ammonia  and  chlorine  are  the  best  antidotes. 

The  acid  in  itR  pure  form  can  Bearcely  Iw  preserved  ;  even  when  encli 
in  a  carefully  stoppered  bottle,  it  Is  ol»Hrve<l  after  a  very  short  tim 
d.ar1(en,  and  ev«Mitunlly  to  dejKiHit  a  hlank  substance  containing  carl 
nitroijen,  and  p^'fliaps  hydrogen  :  ammonia  is  formed  at  th**  same  time, 
many  other  pro.lnotR.  Light  favors  this  dfit>mpr#ition.  Kvcn  in  th4 
Inte  (ttntf  it  is  sjit  lrf>  denonipnee.  bennninjc  brown  and  tnrbid,  bnt 
always  with  the  same  facility,  some  samples  rosittting  change  for  a  g 
length  of  time,  and  then  solidifying  in  a  few  weeks  to  a  brown  pasty  n 

When  hydrocyanic  acid  is  mixed  with  concentrated  mineral  aoids,r 
ehloric  ai^id,  for  oxnmple.  the  whole  salidlGes  to  a  crystalline 
ammoniac  and  formic  acid  : — 


CNH    +     2H,0    «     Nil,    -f     CH,0,. 


acids,  hj3 

puMg 

id  to  iH 


On  the  other  hand,  when  dry  ammonium  formate  is  heated 

(3D-C1  y.jj  it  is  almost  entirely  couverled  Into  hydroiyanio  acid  and  Wfl 
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Aqa«ous  aolation  of  li/drocjranio  acid  majr  be  preporcH  b/  various  uieuu. 

T'  '  V  and  by  far  lUo  bt!Ai,  whoro  oonslderablo  quantlUea 

iiipntio  yvllnw  poln^ftium  riTroovaiiMe  at  bciitliig  licAt 

^  .,-.  ..n:  a*Uil.     &IK>  i;raiitn  of  !ln*  jxiwilrrtol  ftrnH-vAiiiilw, 

>'!,  aru  dJTiKolvfvl  ill  fuur  or  {ivi*  otiticiti  vt  warm  tralcr,  ami  liitro- 
1  iaU*  a  cupauiuuft  flask  or  globe,  (xiuiiL<«ttHl  by  a  pttrfurutod  eurk  and 
Htdtt  UiuC  tube  wiLh  a  Liobig's  condenser  well  ttupplied  with  cold  wator ; 
30U  grain*  of  oil  of  vitriol  aru  diliit«'<d  with  llin<c  or  fuur  ttniex  bh  much 
«rtt<.*r  aitd  a^I'li'^i  to  thi'  rf}nti>nttt  tif  ttin  lt;u«k  ;  an<l  th<>  di^iUllalioti  iu  rar- 
rl^-l  on  liU  aU.iit  half  tho  liquid  hart  dldtillM  nvi-r,  after  which  iho  prtK:«5» 
inn./  Inl'  int.Triiptf^d.  The  ntiiduo  in  tlto  retort  1s  a  whitt)  or  jrvHow  mans, 
r<»n-^i>titi|^  of  |»nta«isi<>-fi!rroai)  ferroi^yaulde,  K^Fv^Vy^  (ma  p.  534),  nuxcd 
rith  ^Hjlasiiium  Mulphale. 

SK^Fe'Tjr,  +  311^,  »  6UCy  +  K,F«",Cj,  +  3K,SO^. 

VThm  hydrocyanic  a^id  Ik  wanicxl  for  Iho  purpfww!  of  pharmacy,  it  |« 
It  to  pn-pare  a  atmti};  anjtitioti  in  the  luanner  AlMjrtMle»orilMt«l,  un«l  then, 
ixin^  aseertnin'vl  iu  oxaet  Btrength,  to  dihito  it  with  pum  water  to  tho 
dAfd  of  the  Pharmaciipipia,  vix.,  2  pvr  cent,  of  real  acid.  Thin  ex- 
ination  u  beat  luatle  hy  preoipitaling  with  *-xt:*ia  of  nilver  nitrate  a 
mown  weight  of  the  ac-id  to  he  Irli'ii,  rolleiiin^  the  iiiNolnblettilvrr  ryantde 
Ijirm  a  Hmall  (liter  prerioiisly  weighed,  tlien  wn^hin^,  drjinj:,  and  laHtljr, 
ii-weighing  the  whole.  From  the  wciglit  of  the  cyanide  thnt  of  the  hydro- 
'anic  a4:id  can  Xm  easily  caleulated,  a  iiioleeuU*  of  the  one  (CNAgesl34), 
imutprmdlng  with  a  niohtuile  of  tlie  other  (rNH»ft27);  or  the  weight  of 
le  silver  cyanide  may  be  divided  by  5,  which  will  giv«  a  olotio  approxl- 
Ltion  to  the  truth. 

Another  very  goo<t  method  for  dntermlning  the  amonnt  of  hydrocyanfe 

•id  in  a  li'iuiil  jjaa  In-en  suggested  by  Uoblg.      It  U  hMf<l  ii[Mm  the  pr(»- 

!rty  pcrtS'-ssed    by  iKdansium   cyanide   of  di!*Hoh-iMg  a  quantity  of  silver 

'auide  AuHicienl  Ui  produce  with  it  a  double  cyanide,  Kry.AgCy.     Hence 

Hfdtitinu  of  hydrocyanic  acid,  which  ifl  snperaaturaled  with   potash,  and 

itxKtl  witli  a  few  dn>|Hs  of  solution  of  common  sail,  will  not  yield  a  per- 

lent  precipibate  with  silver  nilrato  before  the  whole  of  thu  hydrocyanic 

L'id  i*i  iiturert'.tl  into  the  above  donlile  italt.     If  wo  know  the  amount  of 

liver  in  a  given  volume  of  the  nitrate  solution,  it  is  easy  to  calculate  tho 

inantity  of  hydnxyanic  acid  ;   for  this  nuantity  will  Btnnd  to  tho  amount 

•ilvar  iu  tho  nitrato  oouaumed,  an  2  ntolecules  of  hydrocyanic  atid  to  1 

Item  of  Kiivcr,  i. «.  .* 

108  :  54  ^  silver  conanmed  :  x. 

It  ifl  a  commnn  remark,  thnt  the  hydrocyanic  acid  made  from  potaasinm 

•rrocvanide  keopa  better  than  that  ma<le  by  other  nienns.     The  cautw  of 

ltd  is  a.HcriU*d  to  th«  pn^enee  of  A  trace  of  mim-ral  a^id.     Kveritt  fouTiJ 

thai  a  few  drojw  of  )ivdrwhh)ric  aoid.  adde<l  to  a  large  hulk  of  the  puru 

dilute  acid,  prefcerve.1  it  from  deoompmition,  whib^  another  portion,  not  so 

treated,  became  completely  tipoiled. 

A   verv  cniiveuient  pnnV^B  for  tlte  exti-uiporanwrnn  pr«i>aratioN  of  an 
♦cid  of  definite  strength,  in  to  dec«mpoB«  a  known  quantity  of  jHttamilum 
-anlde  with  solution  of  tartaric  acid  :    UW  grainn  of  rryt-t^ilHa^nl  UrlaHo 
'id  iu  jjow-ler,  44  grains  of  potassium  cyanide,  and  2  meaaured  i.uu.irj  nf 
stille<i  water,  Hl.aken  np  in  a  phial    for  a  few  ae.v.nd.H,  an.l   then    wn  at 
»t,  in  order  that  the  precipitate  may  auhsidn,  will  yield  nn  i«'*i't  "»  v^-y 
•Iv  Ibe  rrHMiin-d  strength.     A  little  alwdiol  may  l»o  ndd.-l   «" '^»«Pl^tP 
separation  of  the  cream  of  UrUr  ;  no  filtration  or  other  troaltmmt  n^ 
iployed- 
45 
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Bitter  almonds,  the  kernels  or  plnma  and  peaches,  the  twda  of  lit 
apple,  the  It'.ivci  of  tho  chorrjr-Iaurol,  and  various  other  parl«  of  ph 
iK^Iongiuj^  to  tli*s  pront  natural  order  Romcrtf^  yield  on  distiUatiaa 
Wftlcr  a  swut't-rtiiu'ilin-;  liijnid  tinntaining  hy.iroi-yanic  Acid.  Thisi 
bably  due  in  nil  oa^^'d  tu  the  docnni^H^sition  of  a  ^Dl)6tanoo  callod 
under  the  influence  of  cuiuUin  or  synaptas*',  n  nilmgcnircd  tvi 
Bent  in  thu  orgAuio  atruoturo  (soo  Qivvoawna).  The  reaction  is  expresMd 
hy  the  equation  ; 

+•      211,0 


AmyijdaUa. 


PruMto       Bitter  Almonil  OIucimcl 

said.  oti. 


Tlydrooyftnie  nnA  exists  readjr  formed  to  a  cansiderablo  extent  in  tho  J' 
of  the  liiltur  cuinava. 

1'hu  pretiencu  of  livdrocyanie  acid  iB  dBtiHJtetd  with  the  utmost  eaaa:  iti 

remarkable  o^lur  liUfL  high  degree  of  volatility  almost  suIDeieulIy 
tvrixu  it.     With  fioUition  of  silver  nitrate  it  gives  a  don«e  curdy  white 
cipitate,  mUL:h  resembling  the  chloride,  but  dilfering  from  that  Kubtft 
in  not  blaekeuiuf;  so  reatlily  by  light,  in   beia^;  soluble   iu   Killing  nii 
acid,  and  in  sulferiug  tMJUiplete  decomposition  when  healed  in  the  dry  si 
uetiillio  silver  being  lefl :    the  uliloride,  under  the  isame  cireumstan 
merely  fuae»4,  but  underg(H*s  no  cltemical  change.     The  production  of  pj 
Stan  blue  by  '*tit;hti«le'a  teat"  is  an  excellent  and  most  decisive  experimi 
which  may  be  mude  with  a  very  small  quantity  of  thu  acid.     The  liqi 
to  bo  examined  is  mived  with  a  few  drops  of  solution  of  ferroun  sulpli 
and  an  excess  of  caustiii  poUish,  and  tho  whole  ex[Mi^(>d  to  tho  air  for 
or  1.)  minuleH,  with  agitJttion,  wherehy  the  ferrous  salt  is  partly  ronvi 
into  ferric  salt :  hytlroehlorie  o^nd  is  then  oiMed  in  exceM,  which  tlissnb 
the  preoipilated  iron  oxide,  and,  if  hydrocyanic  aciii  is  prt^ent,  Inai 
Prussian  blue  ait  an  initolnlilo  powder.     Tho  reaction  will  bo  «xplai; 
ooiineetion  willt  the  ferrocyanides  (p.  53'l). 

Another  very  delicate  test  for  h^'drocyanio  aoid  will   bo  mentioned 
connection  with  thioeyanic  at'id. 

Metalllo   Cyanldec. — Thn  most  important  of  the  m?tal1iooji 
ide:i  .'ire  llie  ttjllowin^  :    Iht-y  lx*ar  the  most  perfect  analogy  to  tho  hale 

BlilLS. 

JUaMttm  Cjfanidt,  CNK  or  KCy. — Potassiam  heated  in  cyanogen 
takes  firu  and  hunts  in  a  very  beautiful  manner,  yielding  ]>otassiumcyani^ 
tiie  same  8UlMtuu<;e  i^  prixiucHl  when  |M)tasiiiuui  is  heat<jd  in  the  vapor^ 
hydrocyanic  acid,  hydi-ogon  iK'ing  lilHiratotl.  When  pure  nitrugea 
transmitted  throii;;li  a  white-hot  tube  containing  a  mixture  of  mil 
oarbonate  and  ehareual,  a  ^muU  <|n{intity  of  jiotassium  cyanide  is  fg 
which  settles  on  the  cooler  porllous  of  the  tub*;  as  a  white  amor| 
]>owdej' :  carbon  monoxtdo  is  at  the  saino  timu  cvoIvmI.*  When  aiotl 
organin  rantter  i>r  any  kinil,  ua]inble  of  furnishing  ammonia  by  dusli 
tive  distillation,  as  horn-shavings,  parln^rt  of  hides,  eto.,  is  huated 
reiluess  with  potasttium  ciirlxjuate  in  a  close  vessel,  a  very  abundant 
dliction  of  ])Otas8iuni  cyanide  n-i-ults,  which  eannut,  hnwuver,  be  advi 
tagc*ously  extracted  by  direct  means,  but  iu  practice  is  always  convui 
into  ferrouyanide,  whicti  is  a  mach  moro  stable  subalanoo,  and  oryat 
better. 

*  AmokIIqc  totheexperimentt  of  MMrj^iierltto  and  D«  Sourdcvsl,  tbe  rormstloi 
of  cynriitle  iipp«tr«  to  he  more  ibundAnt  iT  the  potttlt  lie  rrplnoeO   bjr  tisiytA. 
tho  nirliim  crnnkle  tliun  (ormeU  l>e  expoHed  to  &  itrcnm  of  iupf>rhrihte'il  •t«irn 
SOO't*.  (67::'' K).  tlie  filtrosreo  of  th*  inlt  Is  eliminAT>M  tn  the  form  of  ncninor 
Mnrffiif^rilto  AQil  De  SounlevAl  rccoinni^n.l  thi«  pruro-- n«  *  meltui.t  <>f  prppm 
aainODU  by  meanB  of  atmoaplierio  nltrogea. 
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po(M*sinm  oyitnidff  mAjr  be  prepared   by  passing  llio  vapor  of  liydrooj- 
anic  a      '  .  I'.'johpUc solution  of  potoali  :   tln^finU  is  llit'M(Jt*pr>git«d 

ill   lit.  I  lu,  oiiil  may  Ik<  ^rpariitcd  fnim  llio  lii|iiid,  ]iri:!4»cid 

ami  iJfri.  i-  ii  ■  -  luTt'  giMii-rally  uiiuIm  frnm  ibo  fi'mK-yjuiidr,  which, 
wht^n  li'-'at'^l  l<)  uliitnii.  -s  til  A  UL-iuly  vUmn  vi^iutnl,  uvoWi'^  iiltro^L^  and 
oth^r  ga>*^,  aii'l  lfnv>->  a  luixturo  ot  cnrlioii,  irou  carliidu,  aud  jxil&Miiuni 
o>*aiii<it%  which  UtWr  salt  is  titti  deouuiposod  uuU>SJi  tlie  tcmpuraturo  U  «>x- 
(xv«ivoly  high. 

KL.i«;bi]e  hiM  given  a  wry  eanj  and  (ixc«I1>*nl  prooi'^t*)*  for  making  pot&aslom 
■Knldt\  which  d4<?«  not,  hownri^r,  yit'Ul  it  purt%  hut  mixit*!  with  |Kita.Srtiuiti 
'an»l«.  Kur  most  of  tim  appUi-aliimfi  of  polaAHiiim  oyauiJc,  cU'ctn>-i)l.'it- 
ig  ftod  gildinK.  ''"*  t<x:iitipl«-.  fur  which  a  <.>uii.>«i<l<'ral>Ie  quantity  in  nuw 
Kjuirtid,  this  iiupuj-ily  i^  *j(  no  consoi^utnice.  Kl;;ht  part»  of  jiotassiain 
rnwyaniilo  ar«  renfUn.'-l  anhydruu*  hy  p-nllo  hoat,  and  iiitiuiatvly  mixM 
ith  three  port:!  of  dry  potoxtiiiim  darlnnatn  :  thi«  mixtiirn  t»  thniwn  intt» 
»  rml-hoi  earthen  crucibltir  and  kept  in  fusion,  with  (H.-casiuuul  fllirrint;i 
aniii  gaa  ottaaus  tu  be  vvulwd,  and  thu  fluid  iKjrtion  of  tht*  ma.H!t  W'L'onifM 
CMlixrltsM.  Th<»  crucible  is  luft  at  r«*Ht  for  a  momriit,  and  tlicn  thti  cli'Ar 
aaU  ui  dcHjanttvl  from  the  hoavy  Mnck  HLHllincnt  at  th«j  bottuiu,  whiili  in 
prinoipally  mctaUiu  iron  iu  a  ntatu  of  uiinuto  divi:iiun.  Tho  roootiun  ia 
r«preAcnto<l  by  lh«  equation  : — 

KjF«Cy,    +     K,CO,    s     SKCy     +     KCyO     4.     Fo    +     CO^ 
FerroejaDtile.      Carbuonttf.       Cyaolileu         Cyftnnlc. 

The   pn*<luct   may  bo   »dranla;iwuHly  iwod,  in^tood  of  p<ttnj*«inm   ff»rro- 
c^'uiidu,   in   thu    preparation  uf  hydrocy.uiic    acid,  by   diHtiUation    uith 
jlutvl  oil  of  vitriol, 
ruloatiuui  cynnido  le  oflnn   producod  in  cnnstdcrnbln  quantity  in  blast- 
mac«*4  in  which  inni  on^i  am  Aiiudtcd  with  coal  or  coko. 
PotASHiutu  cyanido  forms  colnrUaMi,  cubic  or  octohwlral,  anhydrous  orys- 
e,  d<*liLiUuact<ut  in  the  air,  and  exceiidin^zly  aolublo  in  wator  :   it  tUaAidvtMi 
boiling  alcohol,  but  ii.>paraiL>H  in  groal  un'OHuxMon  cooling.     It  itt  roft'lily 
ble,  and   unil<;rgoi's    no   chaiig»   at  a  motlvratu  rod  or  own  wliitv  hrat, 
excladwl  from  air;  oth«>rwiAr,  oxy^n  is  absorlHHl  anti   the  rynnubf 
oyaa&te.     Its  solution  always  hnu  an  alkaliin*  nmction,  and  when 
I  to  Iho  air  exhabjii  tho  oilur  of  hydrot-yauic  tuihi  :   it  iii  d<*oomposi'd 
wcnkt»tt  acids,  evi'n  the  carbonic  acid  of  tho  air,  and  whf^n  boilod 
a  retort  i*  ftlowiy  convt*rted  into  pota^fiium  foriuatt*,  with  aoparatlnn  of 
monia.      It  ia  xaid  to  hti  a-i  (K)iiu>n<tiiH  as  hydrocyanic  acid  it:f(*lf. 
SotiiHtH  cyaniVifl,  NaCy,  is  a  very  Bohiblo  salt,  oorruaponding  dooely  with 
tht*  forejjuiiig,  and  obtained  by  simiUir  m<'anti. 

AHUHi>miutH  ctfattitU^  NIi|Cy,  ia  a  ciilorb^MS,  rryslallizahlc,  and  vpry  volo- 
tUe  auljsUncy,  prepared  by  dUttillinK  a  mixture  of  poto^sinm  cyanide  and 
l-aininotiiac ;  or  by  mingling  the  vapor  f>f  anliydroiii  hydrocyanic  acid 
ith  ammoniacal  giu  ;  or,  lautly,  by  pOHsing  ammonia  over  ri!<I-hot  ehar- 
al.  It  id  very  aoluhl«  in  vater,  subject  to  spoutaououfi  decomposition, 
1  is  slightly  poisonous. 

Mercuric  cyantdt^  Hg(CN)j,  or  HgCy^. — ()n<*  of  the  most  remarkable  pro- 

rtiea  of  cyanogen  Is  its  powerful  attraction  for  ot-rtain  of  t)n'  Itwa  oxidable 

tals,  as  silver,  and  more  pari itiilarly  for  morcnrv  ami  p;dUdiuin.    Dilute 

drooyouio  arid  dis^olvt*(i  linoly-powiliTed  nierourii-  oxM*«  with  the  utmost 

e :  the  liquid  hwcs  all  o<lor,  and  yii-lils  011  uvuporatinti  crystals  nf  uicr- 

cyauide.    PutasHiumryanide  in  la  likeniannordeoomposiHl  by  mercnria 

,  pitossium  liydroxiclo  Iwing  produc*^!.     Murcurio  cyanide  \6  gont«raUy 

d  from  potassium  ferrucyanide  ;  2  parts  uf  the  Halt  are  dissolved  in 

of  hot  water,  and   3  parts  of  dry  mercuric  sulphate  are  added  ; 

lo  U  boiltid  for  15  mluutea,  aud  fiitered  hot  from  the  Iron  oxide, 
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which  Bcparatcfl.     The  solotion,  on  oooUngt  (l)*p<Mit«  Iht*  mercnric  ejunid»^ 
In  cr/fltAU.     Moruarie  cyanidt*  foiruK  wUit«,  trnn^luwiit,  diraetrio  pri*i 
inuuU  rMemblin^  thosti  of  corrosive  stibUntat« :  it  1»  soliiblt.*  in  8  pmria 
cuM  w&U'r,  and  in  a  much  aiuaUlt  4uantit/  at  a  Iii){)i4^r  ti-uiprraturv, 
fn  nloohol.   Thotiolutiou  liaiiaili:ingri'45aMi<iuotullic  tiulf,  U  \*Ty  (Miiaoi 
And  is  Dot  ji  recoil  lit  II  tori  by  Alkulic-u.     Mercuric  ttyauide  u  usol  ui  the  1>I 
ratory  an  »  source  of  cyanogen. 

Silrrr  ri/oniffr,  AgC'y,  hoa  Ix-cn  already  dt^orilnj*!  (p.  530). — Zinr  cynni 
ZnCy,,  ia  a  whito  iiiwtluble  jiowiler,  preparud  by  mixing  zinr  »ci<tat«  wl 
hylrocyanlo  aoiil. — CtjlniU  cyanide,  f^»t'y,,  ia  olitiiiuod  by  Kituilar  mvftiu 
ifl  dirly-wIiiUi,  and  insoluble. — IhUariium  cyaniiir,  IMC'yj.  f'trnw  ayeUowii 
whitin  |>r**(-i|)itat4  whiMi  Ibc  rhloricK*  of  that  iiM'tal  \i  ui)X«*il  with  n  Milut 
cyanitbf. — .li/We  cifonuir,  Au<'y,,  {m  yflluniHh-whitvaud  iiu»olubU>,  bat  fr(.«i 
diasoltrdd  by  solution  of  potaitiiiuni  oyanido. 

Iron  Cffanitlf*. — Tbo9i?  iv^mpoandB  oro  flcnrf'ly  knftwn  in  ibe  sepai 
atato,  oil  account  of  tbi*ir  gruut  tendency  to  form  itoubli*  salts.  On  atldi 
potaasium  cyanidy  to  a  fcrrouuHalt,  a  yrIlowifih-ri*d  Uoifttltnt  precipil 
is  foruiMl,  confiifltiin;  itliiftly  of  ferrouH  ryanldu,  KtfCy,,  but  always  ounti 
ing  a  CAftain  quantity  of  potassinm  oyanidi*,  and  dissolvvd  am  fi*rri»rynn1 
by  0XCVS8  of  that  Halt.  Forric  cyanldo,  F».',Cye,  is  known  only  in  solutit 
PvbjQSo  obtainiMl  an  inflolublo  gru4>n  comiMuud  cMnlaiuinn;  Fr^Cy,, 
PtfCy,.F«;2Cy„  by  paading  chlorine  gas  Into  a  Ijuiling  solution  of  potaaail 
furruoyanido. 

The  iron  oyanidifi  unite  with  other  metallic  cyanidos,  forming  two  ri 
important  groups  of  ix^m|X>nndA,  oallcd  frrrocy  an  idi-s   and   fvrrioj 
anides,  the  cumpwition  of  irhich  m^  bo  illuatrated  by  the  ruspvoU^ 
potansium-aalta  :— 


Fi'rro(!yanido 
Forric^-anide 


K,Pe"Cya,    or  4KCy.F«"Cr, 


It  will  be  seen  from  these  formula,  that  ferro-  and  ferricyanides  contain 
ing  thu  HAmu  i|uantily  of  cyanoguu,  dttTt>r   from  oii»  unotUur  only  by  o 
at<»m  of  univalent  metal,  and,  atM-ordingly,  it  t;t  foand  that  the  forntttr  u 
btf  oonvertod  into  the  latter,  by  the  action  of  oxidiiting  (lueiiil-nlMtracti 
a^nntfl.  and   the    Intt^^r   into  the   former  by  the  action  of  rrducing  (me 
abiding)  agenUi.     Thus  potassium  ferrocyanide  U  eaidty  converted  into 
ferriuyanide  by  the  action  of  uhloriue,  and  many  double  ferrf>i^yaniil«a  may 
be  formed  from  ferrioyanidos  by  the  aoiinn  of  alkalies  in  i^iroeience  of  a  rc- 
duoiin;  n^ent ;  thuH  potaasium  ferrieyande,  K,Fe"'C'yj,  ia  eai»ily  ounvor 
intoammnnio-tripotAHitinfrrrtN-yanide,  (iNH,)K^o"4.:y,,  by  the  action 
ttiouia  in  presencj  of  glucose.* 


nin- 

i 


/Vrroryaiii(/M. 

Potassium  Ferrooyanlde,  K.FeCy,,  or  4KCy.FeCy„  commonly  oalled 
yellow  firiufiuic  >^  fM>{n a/,, — liiia  iuij^ortaul  Ball  in  formed — 1.  By  digtsti 
prueipitaUMl  ferroud  cyanide  in  a«|0«ou8  solution  of  jxitaatdum  oyani 


*  ThP  rrrrn<*ytnlil<*ii  nni)  ferrleyanlde*  nra  nnm^tlmofl  rfg«rilMj  no 
b«r  comiHiurttl  fitllclcs  eonUlninis  Iron,  viz., /errocyanofftn,  l-'e"*-')',, 
ojrm,  Kc  "t'yt,  Thf  flrst  being  qu^drlrtlcn*.  the  teponil    irlvnlrot  ;  ,. 

D'irhing  gntavd  by  tht«  KMumjillon.    For*  dUeuaaloii  of  Iheformulivor  ttif  ««■  mtir*, 
Aril]  of  the  double  oyanldei  Id  gcn«rAl,  see  W»lts*i  UlctloDAry  of  Chemistry,  vol 
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8.   Par  AigCHtiag  (enoae  bydrAto  with  poUsiluzn  oyuiide,  potuh   btfaf 
tbn&ed  ftt  thu  suaa  tiiuv  : 


filCjr    4-    Fi'HjO, 


2KH0    +     KjPcC^r^. 


P 


S.  PetTOiu  oyanidv  wilh  uiaeuua  i>o(uh  : 

SPeCj-,    4-     4KH0     —     21VH^0,     +     K,Fi.Cy,. 

4.  Aquooufl  poUMiam  cy&nidc  with  luctallio  Irou :    if  the  Air  be  ex- 
[cludcd,  h/dragun  is  ovolvod  : 

(JKCy    -f    Fe    4-     3H,0    —    K^FeCjr,    +    2KH0    +     H, ; 

'%nt  If  Ui«  Air  h«a  acobm  to  the  Uqaid,  ox^rgvn  in  almorhed,  and  no  lijrdro* 
gea  w  rrulve«l : 

6KC/     4-     Fe    +     H,0    H-     O    —     K^?^^J^    -f-     2KI10. 

5.  YvTTva*  sulphide  with  aqueoas  potMsium  c^frnulw  : 

GKCjr    4-     FcS    =    K,rf    -|-     KjFeCjr^. 
0.  Anj  toluhle  ferrous  salt  with  itutAsstuui  cyauidc  ;  «.  i^..* 
6KCjr     +     FcSO^    «     K^SO,    +     K^?vCy^, 

Potasiiiam  ferrocyonide  U  mAOufaotured  on  the  large  duaW  by  the  fuUoW' 
hif^  proctistt :  Dry  refiiau  animal  inatlvr  uf  any  kind  in  ru8e<t  at  a  rod-hi'iit 
with  impurtj  putasAiuui  Lurlxmalv  and  irun  filiitgH,  in  a  iHfKf  irnn  vt-^iMrl 
fruoi  which  the  air  should  bo  rxuludtMi  oh  inuoh  an  pohsiltlM;  {MitaiDtiiiiu 
oyanlde  IB  gonerattid  in  large  quantity.  The  multiHl  niASit  in  afUirwardN 
treatod  witli  hot  water,  which  dii}!K>lves  out  the*  cyanidu  and  othf^r  italte, 
the  ryunido  being  quiokty  ronvorCcd  by  the  oxide  or  autphitle^  of  iron  into 
ferrooyautdc.  The  filtore<l  Aolution  is  evnporate'i,  and  the  flrstroriued 
crvHtaU  are  porifled  by  re-«olution.  If  A  snlBcient  qnantity  of  iron  Iw  nut 
prv4«nt,  great  lofui  is  inourred  by  the  deoomposition  of  tht*  cyanide  into 
polas&iuiu  carbouateand  ammonia. 

A  new  prfK.««s  for  th«?  pn-paration  of  potanBium  ferrocyanide  haH  lately 
been  pnipoaed  by  OfiiiB.  It  consJHta  in  eonvertiiig  carbon  hi^ulpliidt^  into 
ainmoniuni  thiotiarbonate  by  BKitnting  it  with  nrnimminm  sulphide  :  CtJ,  -\- 
(MIJjS  =  (NH*)/'*"^:!,  and  h«ating  thf  protinet  thiin  ohtninc^l  with  potas- 
Bium  sulphide,  wlii;ri*hy  potaeHium  thincyanate  (p.  ^44)  is  formed,  with 
evolutiou  uf  anunuuiuiu  sulpliidr  un>l  hydrogen  sulpliide  : 

2(NHJ,CS,  -f  KjS  —  2KCNS  +  2(NH^)1!S  +  311,8. 

The  potMslnm  thiocyanate  is  dried,  mixpd  wilh  llnMy  dirtded  metnlUe 
iron,  and  hetit.-d  fur  a  shurt  time  in  n  closed  iron  veasi*!  to  dull  redness, 
wherehy  the  mixture  is  converted  Into  potassium  ferrocyanide,  pnUunium 
■njphide,  and  iron  Bulpbide  : 

6KryS  4-  Fc,  =  K^FiiCy,  4-  SFeS  4-  K^. 

treatment  with  water,  the  suljilii'Ie  and  f)»rrocyanlde  of  pntaKslum  ar« 
lived,  and  on  eva]>oration  tht^  ferrocyanide  is  obtain*^  in  rryiitaU.     It 
IS  to  be  seen  whvthiT  this   ingenious  proeess  is  cap&blu  of  bt;ing 
Mrrivd  out  upon  a  large  scalrt. 
PotoAsium    ferroeyanide    fonns    large,    transparent,    yellovr    orystals, 

•  The  lutphur  li  ilprlr«Ml  Trom  Fhc  rMupinl  lulphste  of  the  erode  pearl-aibes  ao4 
kh«  aolmnl  ■ubataDcot  uied  Id  the  maaurftcture. 
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yL^VeCyf  -f-  3Aq.,  d«iiTed  from  an  ootohedron  with  s  sqoan  base :   11 
clfAV't?  with  fAcithty  in  a  direction  parallel  to  the  baaeof  the  octobedron, 
arc  Uittgh  and  difficult  to  powder.     Tlwy  dUsoUc  iu  4  parts  of  odd  a 
partit  of  boiliug  watvr,  aud  arts  iiuolublv  iu  alcohol.     They  are  ]xt 
in  the  air,  and  have  a  mild  saline  tadt«.     The  salt  hoa  no  poi»unou9 
p«rtio8,  and*  in  nuaU  doatii  at  lusjit,  h  merelv  pnr^ativt*.     Ex|hism1 
gvutk*  h«*at,  it  K»c»  3  molecules  of  wattr,  and   iH-onue^  anliydnm»  :    at  • 
high  tr'miieraturo  it  yields  potaaaiuiu  cyanide,  iron  e^irhidc,  and  various 
IpUieoutu  productti  ;  if  air  he  admitted,  th»  cyanide  hvoomett  eyauatv. 

rotOMMiiim  frrnnyanide  ia  a  chemical  reagent  of  jfreal  value :  wht-n  mi 
In  solution  with  iiuulrnl  or  mlightly  oi-id  Halts  of  the  heavy  nietabf,  it  gi 
rlae  to  precipitaU**  wliich  very  frequently  prtTnent  liigtily  ehnraeten 
colors.  In  moAt  of  tbeee  oompounda  the  potaasiiiim  ih  siuiply  displaced 
the  new  metal :  the  lx>autiful  hrowu  furrwyauide  of  copper  coDt&JJUS, 
ezamplti,  fJu^FeCy-,  or  2CuCv,.FeCy,,  and  that  nf  lead,  Fli,Fe*\Vg. 

With  /ermm  mils,  inttntiMuux  fcrr«K!yiiuide  gives  a  precipitate  wliieli 
perfe<,:tly  wliite,  if  the  air  Iwfxcludeil  and  the  solution  iaquit*'  free  (routfoi 
salt,  bul  quickly  luruji  blm*  on  exputfure  to  the  air.  It  wu.siBtd  uf  pot  as 
furroufl  ferrooyanide,  K^Fe^L'yg,  or  potaasinra  ferrocyanide  having 
Ikalf  the  [fOtuASLum  replaced  by  iron.  The  Rauie  tmll  ia  pruduuvl  in  th« 
preparation  of  hyilrocyanic  acid  by  dislilliug  poloaaium  ferrocyaiiide  with 
dilute  aiilphurio  acid  (p.  ft'Zi)). 

When  a  soluble  ferrocyanide  \»  added  to  the  solution  of  m  fnrie  $a 
deep  blue  precipitate  is  formed,  consisting  of  ferric  ferrocyani 
Ptt^'y.^,  or  F«"'4Fe"j(*y,g.  or  i(Fi'^.)"rvB.FeCy,,  which  in  conibinaihin  wf 
18  moIeouleH  of  water  ooiiutitutes  nnliniiry  PruKbian  blue.     Thii*  t>eatitifnl 
pigment  ia  l>cst  prepared  by  adding  iH^tassium  ferrocyanide  to  ferric  iiilr, 
or  ohluride  : 

SK^FeCy,  +  2(Fe,)'*Clg  =  12KCI  +  PejCja* 

It  U  also  formed  by  precipitating  a  ixuxtare  of  ferrous  and  ferric  salts 
potassium  cyouidu  : 

18KCy  -f-  3FeCl,  +  2(Fe,)*'CI,  »  18Ka  +  Fe,Cy„. 

This  reaction  explains  8cheele's  tost  for  prossic  acid  (p.  530).     PrnssS 
blue  ia  also  formed  by  thu  action  of  air,  chlurine-water,  and  other  oxidiaJng 
ageuls,  on  potaH^io-ferroun  ferrocyanide;  probably  thus  : 

QK^ofijt  +  O,  =  Fe,Cy„  -f  3K,FeCy,  +  Fe,0,. 

It  Is  chiefly  by  this  last  resction  that  PrnHsian  bine  is  prepared  on  tl 
large  ncale,  jwitA-isiiim  ferrtK\vanide  [n-hv^  (lr«l  precipilateil  by  ferrxius  sul- 
phate, nnd  thtTpMiilling  white  or  light  blue,  precipitate  either  left  to  oxit 
by  rontart  with  tlie  air,  or  Bubjeole*!  to  the  action  of  nitric  acid,  chlori 
hyiMMihloriti-et,  chromic  acid,  etc.     The  product,  however,  is  not  pure  for^ 
f**rt^»oyanide  :  fur  il  in  certain  that  anothi*r  and  simpler  reaction  tski«  ph 
at  the  jiam»* time,  by  wblrh  the  polasaio-ferrons  ffrroeyanide  (K.^Fe")Fe'H' 
la  <K)nvert(Kl,  by  al>Htn\rlron  nf  sn  atom  of  ]iotaA»inm,  into  pntassio-fei 
rous  ferriuyanide  (KFc")Fc'"ry,,  which  alno  possesses  a  fine  d« 
blue  color.     Commfrcial  Prussian   blue  is,  therefore,  generally  a  mixti 
of  this  Qorapound  with  ferric  ferrr^eyanide.  Fp"\Pe"j,Cy,,.  the  one  or 
other  predominating  accnnliug  to  tlie  manner  In  which  the  process  is 
dutTtod. 

Prussian  blue  in  the  moist  state  forma  a  bulky  precipitate,  which  shrinks 
to  a  oomparallvely  ffnialt  compass  when  well  washed  and  dried  by  n  geni 
hrnl.     In  the  dry  Htate  it  is  hard  and  brittle,  much  resembling  in  ap| 
Anrr'  thifbi'vit  Judigu  ;  the  freshly  fractureil  surfaues  have  a  beautiful  cop| 
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fid  hutev,  I 


iQkf  tu  (list  |ir)iiliiii«1  by  riiMiIng  Indian  with   a  ImH   iMidy, 


1.1. 


uhI  feri'tc 


II  wat*^  ADil   ililUli-  AthIh,  with    lltt*  rXL<«ff>> 

■f  whifli  U  ili^^c'ilvMn,  ftinuinK  »  •K*i'|i  btuv 
.^  tnt  -  iniiiN'iktrMU'd  oil  of  vitriiil  u^iiiVMrla 
iDce  blu«  un  addllioii  of  «iit««r. 
MMiMilvft  4)Ut  11  U-rttH-yiuiul*,  «it<l 
Mit  M.-tt't  -iiti  iiit<r>Mii*itt  nxiiii',  11  yMiif  iiier- 
(lt>,  IK'-jttxt  III  tli<-  Atr,  rruMiui  hlue  turua 
^  iMk^iUg  •  n-nitJiir  iif  frrric  t*xi<lv.  KxputLtl  Ui  11  higb  trui^xTA- 
iors  In  A  dkiflQTMUi,  U  fciv*"^  "'^  wad.-r,  ariituiuiUiiu  cvAiiiilo,  aiui  aiuuiuniuni 
otrbwijile,  ■wd  Itih  uurtmlt*  <>f  mm.  ll  lonui*  x  vrrjr  ImAiitifiil  jiigitiwat, 
bo(b  M  oil  aD'l  W4t*«r  i^lur.  hut  liiu  httl'*  pt'riiinnoiivjr. 

(Gammon  or   bcwU)  rruMtfut  Mmr  is  mi  iitlrimr  urticla,  prtf|>&rud  by  prv- 

cfjMUting  A.  fuixtiin*  uf  fHrniUB  miliiluiti'  oiid  uluui  Hitti  jMitiutMiuui  forn^ 

rriAM<«,  Mnil  ••t^hmiii)^  thi*  prriMpiiatr  to  llir  iilr.     It  ODiitAiiu  Aluiiitna, 

tthlrl<  '  !  T,  but  juMm  1(>  lb*'  Wright. 

Briii  It*  lit  iibtaini<«l  by  luMitig  frrrln  rbloriiln  tn  ah  <ixrH«a 

of  piiLi... ,..;iHlf,  it  in  iiiM>lubk'  in  tbe  nnliiii*  liquur,  but  tulublo 

In  pun*  watvr.     It  Una  n.  diwp-blu*  color,  and  probably  con«iat«  of  poiaaaio- 
farotu  Cerricy/tiii'bj. 

Hydro^n  Perrooyanide.  flytrofemifyuiic  Aeid^  H^Ferrg,  is  pmparod 
by  ilvcijuiix'siiijj;  fvrrorvanidv  i»f  U>«d  or  iMpiwr  nutijK-iidtNl  in  W)il«.*r  by  a 
•Ihtaoi  of  Miilphiiri*U<iil  bydrr>^<Mi  g.iM,  and  H<>par;Lti'M  on  *tva[Minitiiig  Ihv 
Altered  aolutiun  in  n  vacuum  ort'r  oil  of  vitriol.  Ita  snlutinn  in  wat<<r  baa 
pinrerfuUy  acid  taalu  and  r(^a«-tiou,  and  d<«tH)in)fO«<.'a  fil)calin«  carlvinaliv 
«irerT()ac«iae« :  it  d<H*fl  n<it  dlnrtolvf*  nu'rcnriu  oxiile  in  t lit*  cold,  but 
hi>al  is  applied,  undf«rpi>nB  ibMYiniposition,  fnnning  niTcurio  ryiknitto 
id  f«miUf*  ryanido:  II  J'V(y^-fail«i»=2lljj(1y,-hlM:y,4-*2H,r» ;  but  tliu 
>routt  (\vMni<l«  1^  lmtn*.'diu(i<ly  uxidixoil  by  Un*  exi^t«fl  of  mcruiirlo  uxldo, 
iparation  uf  uiftallio  nii^rrury.  tn  tho  dry  stat^*  tbe  add  ia  vory 
ian»nt.  but  wluui  Inn^  fxpii4«Ml  to  tho  air  tn  contiua  with  WAt«*r,  It  ia 
ly  couvt*rt«tl  into  Prussian  btuu. 

Sotfiuia   Frrrf*rtfnnute,  Nft^FfCy^.lSAq.,  oryHtaUiz*-*  in  yellow  four-aldi>d 
niti,  vrliiob  aru  pfflurcKccMit  in  tbu  air,  and  vrry  hoIuIiIli. 


Ammtpnium  Ferrwifanidf,  (NIIj)^F»'Cyj,.3Aq.,  Ib  IsnmorpIionR  with  pntAnnfum 
cyaiiida:   ll  in  easily  Holutib*,  and  Ik  di<iv>ni|KiHt«l  by  idtulJition.     iturium 
■/«,  Ba,FnOy|,  prnparo<l  by  lioilin;;  |>'it.'LHcfium  fcrrocyanlJc  with  tb 
of  bariniu  cbbirid**,  or  t'ruMHinn  binu  with  tmryta-wutt<r.  f'lrnia 
jpllnw,  anhydmuii  cryritalx,  whiuli  Uixw  but  a  AumJl  df^^rrv  of  tiolu- 
tfveii  in  bulling  \rat*'r.     Tbo  rorr'*(i|Mui(lint;  iioin|H>iindH  nf  Mtrtmlium, 
tnd  matjnt-jiium  aru  nioro  fn'^dy  huilutil«.      'Pin*  fi«rrn»?yniiidt'*>  of  ailver, 
ginc,  iH/itiynnrsf^  and   hismtifh  aro  whilo  and    inmilubb';  thtwii  of  ni>i*W 
etbait  art!  palM-^rroen  and  inxdubloi   and   loatly,  tlial  i>f  ntppfr  liiui  a 
bosulifal  r«ddi8h-browu  tint. 

Thvrt^  aro  aLw  aoTt^ral  iloubln  ffrmcyanbl*'*.  WIikd,  for  oxamplA,  concen- 
trated aolulioniinf  calcium  cblohdoand  potaHitluin  fttrrocynnid**  ar«  mlxud, 
a  apariugly  suluUe  cryHtallino  prticlpltatti  falU,  ountoining  K,CaFoCy,. 


I 


I 


These  salts  art^  formed,  aa  alrumly  olwrrvod,  by  abatraolion  of  motal 
from  lb**  ferriKiyauidw  ;  in  other  worda,  by  tho  action  of  oiidiaing  a^ffnta. 

PoUaaltim   Ferrloyanlde,  K,FfV"Cy„,  or  KB(F«0'<Cy„,  oflon  called 
'pruuiatt  of'  potaak,  la  prepared  by  alowly  posaiug  oUloriiitJ,  wUb  agita- 
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tion,  into  a  aomowhat  dilaU  and  cold  solution  uf  poU&aiam  ferroeyani^ 
until  the  liquid  at.*4Uirt^  a  deep  rL-ddiah-grooa  color,  and  ceucd  to  protd] 
t«l^  A  furric  salt.  Tlic  bnluliuu  U  fvuporateii  until  a  akiu  Iwg^iiib  Ui  fit 
upiiu  th<<  sarrAi'e,  thern  (iltvritd  a]i<l  Ifft  lo  cuul  ;  aaJ  tht*  aalL  in  jiurined 
re-tiryHiallixatiou.  It  furnu  priBiuatir,  or  &niuiHiiu»*9  tabular  crysl 
belutigiug  to  the  inonoclinJc  ayftUiui,  »f  a  bvauliful  ruby-rod  tiut,  pen 
iiifiit  iu  tliH  air,  and  itolublo  iu  4  pthrbi  of  cold  wat^>r  :  the  aulutitm  baa  m 
d&rk-grtwiush  color.  The  crystals  burn  iind  uuiit  sparkH  wbvn  introduotid 
into  the  Uame  of  a  camil*).  Thi;  nalt  in  tleumiptMed  by  unoess  of  ohloriuc* 
aiul  by  iluoxidizing  agents,  as  dulphurotttHl  hydrogen- 

Ujftiroffen  /erriti^intjt  U  ubtutnud    lu   thu    foiiu  ot  a  redd  la  h -brown 
liquid,  by  dironmjnisiug  b!a«l  ferrieyanide  with  i.uI|ihuriL>  acid  :   it  ia  vt 
unstablu,  aiid   i»  rtwolveil  by  liuiling  tutu  hydraied  ferric  uyauido,  an 
aoluble  dark-green  jM'wder  ixjuUiining  Ke,(.'yg.3Aq.,  and  hydrtKHaiiio 
Th<'  fcrrioyanide*  of  *oJium,  ammonium^  and  uf  the  all-afuK  tarth-mttaU^ 
dulublo  i   those  of  moMl  uf  the  other  nuetaU  are  iwiolublf.     Potad»iutu  fi*j 
oyauidu  added  tu  a  ferric  Halt  owikiiuna  no  precipitate,  but  uien^ly  a  ili 
eiiing  of  the  roddibli-bruwu  color  uf  \\w  aolutiou  ;  with_/errouji  «fi//j,  on 
other  hand,  it  givejf  adeop-blue  procipitHt4%  couairiling  of  ferrous  ferr| 
cyanide,   KejC-'yu-f-j-Aq.,   or    l't:"j(l'V^)*'C:y,,4--fAq.,   which,   when 
baa  a  lirighter   tiut   than    rruHsinii  blue  :   It  is  known    uiidi-r  the  name  of 
Ttirahuii's  tUue.     Heneef  potaiutiiim  ferricyauide  ia  aa  deliciktu  a 
ferrous  salta  as  the  yoUow  furrooyauida  is  for  furrio  salts. 


CoDALTicTAitiDES. — ThiH  Jinmn  i»  appliod  to  a  series  of  oompoands 
goutt  to  the  preceding,  containing  oobtilt  in  place  of  iron ;  a  bydrogoi 
has  iMHfu  obtained,  and  a  number  of  aaJts,  which  much  roaemblo  the 
cyauidea.     Several  other  meiats  of  the  saiue  isutnurphous  family  are  found 
oapablt)  of  replacing  iruu  iu  lhea«  oompouuds. 


he  fertf^" 


not 

1 

n  ^^ 


NiTRopRDflfliDES. — ^Thf«u>i  OTO  sslts  ptodnood  by  llio  action  of  nltrio  aeid 
upon  ferrocyanides  and  ferricyaniiles.  The  general  formula  of  thesa  salts 
appears  to  bo  M,(\0)Fe"Cy^,  whitrh  exbibita  a  olosn  relation  to  tho«K  of 
the  ferro-  and  ferricyaniiles. 

The  formation  of  the  uitroprussides  appeani  to  consist  in  tho  reduo 
of  tho  nitric  acid  to  the  «tnte  of  nitrogen  dioxide  or  niin-wyl,  NO,  whfi 
ruplaeiitt  1  moleoulo  of  metallic  cyanid«,  MCy,  in  a  molecule  of  ferriryaa 
M,F"'Cy,.  The  formation  of  these  salts  i.s  attende^l  with  the  priKluvtion 
a  variety  of  stsxyndary  products,  such  as  cyanogen,  oxamido.  hydfxtcyanie 
acid,  nitnrgon,  carbonio  acid,  etc.  One  of  the  Hnest  oompoundg  of  ibis 
series  is  tho  nitroprunHtd<>  of  sodium,  NA.j(NO)I'e"t_'yg,-+-i(\q.,  which 
readily  obtaintni  by  treating  2  partfi  of  powdered  potassium  ferroeyan' 
witli  5  parts  uf  common  nitriu  acid  previously  dilutml  with  its  own  vol 
of  water.  T)i>>  ?iolutinn,  after  the  evotulion  of  gas  Has  ceasiMt,  U  dig<4 
on  tho  water-hath,  unlit  ferrous  f.h\U  no  longer  yield  a  bio**,  but  a  si 
ooloreal  precipilnte.  The  liquid  i^  n»w  allowed  to  i?ool.  when  moeb  prn 
Bium  nitrati*,  and  oecasioniilly  oxamide,  is  do|KMited  :  it  la  Altered 
ueutraltied  with  sodium  carlwnate,  which  yieblH  a  green  or  brown  prw 
tAte,  aud  a  ruby-wtlored  filtrate.  This,  on  evajjoration,  givrt  a  rrysla 
sation  of  the  nitrates  of  pota.'idinm  and  sodium,  t^tgeiher  with  the  ni 
prusttide.  The  crystals  of  th**  latt^-r  are  BeKi'te*!  and  purified  by  erys 
lization  ;  they  are  rhombic  and  of  a  splenditl  ruby  <.« lor.  The  solubttf 
sitroprustiideA  strike  ii  iii<mt  lioiiutifiil  vt<>b'L  tint  with  liolublu  iulphidos, 
affording  an  eztremuly  delicate  ttsst  for  alkaline  aulph.ido8. 
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oonponiKb  plaj  an  important  part  in  organic  chi'iuiHtry  :  for 
■ntplo,  in  UiM  oonvtsniuB  of  aluoUoU  iutu  actdii  uintaiuing  a  gruatvr 
anabtf  of  aarbini-«Uniu. 

TliB  ^aaldw  of  aiiiTal«iitalcohol-rafUcle»  uay  aluu  1m  n*ganl<it  u  coin- 
fMiJHli  of  nitrogon  with  trivaleiit  rutliclea :  lu-ncu,  aa  alrvady  ubavrvitl 
(^  S27),  the/ an  ofton  calltfd  uitrtU. 

ThM«  alooholio  ejanitlai  are  produced  :— 

1«  By  rtfatilllng  a  mixturv  of  potaaniuiu  cyanide  and  Uw  pntaHiiuin-salt 
if  •Chytaalphurio  acid,  *!;*  I SO^,  or  a  similar  at-id  : — 

!■  By  tha  dehydrating  action  of  phosphoric  oxide  on  tliv  ainmoniuni-HaltH 
rftbv  moDobamc  avida,  C.H^O,  ami  ^'bH^-v^^,  lioniohigdUii  with  acftiu 
ad  iMoaoio  acid  roapeutirely,  thuii : — 

C,II,0,.NI1«        —         211,0         s         (',[I,N 

Ammoolum  £i  hirujrl 

acetate.  uliril 

C,HjO,.NH4        —        2II,0        »        ('tHjN 
Ammonium  JBcuxuultrll. 

bensoate. 

The  bodiea  obtaini?d  by  thtmn  two  procoHflf's  aro  (uly  liqiiidR,  exhibiting 
th«  tamo  prupertivtt  whether  pruparuil  by  tin*  lirHt  or  tlic  HiHMtnd  method, 
•Ecepting  that  thoatt  obtniniil  by  tln^  latter  bave  un  nrdiiintie  fragrant 
•dor,  whureaa  thuHu  pr(«panHl  by  the  funuer  liav*.-  a  pungent  and  repulxivo 
odor,  dne  to  thu  pretufncH  of  c**rtain  ihnnierir  mmiMtunds,  to  U*  uotirtHl 
farther  on.  A/ftkvl  c^unittr,  Kthrnyt-nitril ,  nr  Ar'UmitrU^  iKtiltf  at  77*-'  C 
(iTO.tjO  p.);  Kthyl  ryanitlf,  or  Proj»„y/;,itnl,  at  h2^  C  (I7a.ti-' F.);  ^'"'j' 
quud^,  or  Valeronitnl,  at  12:i-l'>0  ('.  Clit'^-^ii-lA^  K.);  imitenttfl  eyitnidet 
Ami/i  cjfanidej  or  Caprtniitrif,  at  Hii*^  C  (2l»4.b^  K.);  Jimivi  raanidefUr  liett- 
wmiriC  at  190.0-0  c.  (:J7rP  F.)- 

All  theiht  cyanidiM,  when  hunted  witli  fiimiiif;  Kulpliurtc  atud  or  Kulphurio 
oxide,  are  oonvorted  into  nulpho-ucidd  ;  than  : — 

CH|.CN    +     11,0    +     2S<\Il3    »    SW^IICNH.)    +     CJI.SOj 
Jfethvi  Sulphaceilo 

oyaalde.  aeUL 

CH,.CN    +     31l^<    «     SOJi(NH,)    +     CO,     +     CH,S,0, 
Hethfl  Dlttutpho- 

eyaolde.  ttCtbQllo  aoid. 


By  heating  with  catiHtic  potaah  or  Roda,  thoy  are  remdvoti  into  ammonia 
and  the  correspondinf;  fatty  or  aromatic  acid,  junt  oh  hydrocyauio  acid 
■imilarly  treatwl  ia  riMiolved  into  ammonia  and  formio  acid ;  thus :— 


HON 
llydroffen 
cynDldc. 

+ 

211,0 

a    NH, 

+    cn,o, 

Formie 
■old. 

CJUCN 

fctfiyl 
eyantde. 

+ 

2a,o 

»    NH| 

Proinonio 
■old. 

C,H.CN 
Phenyl 
oyaniae. 

+ 

2H,0 

«    NH. 

+  ^CtH.O, 
Beoiolo  add. 
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Tbc  aloohoUo  cyanidra  or  nilrils^  treated  with  nuoent  hydragea,  an 
couvurted  into  tho  oorrosponding  aiiiine-basi'S,  9.  (/..-— 


CNcn, 

hyl 

ild« 


Mcthvf 

oyaoiue. 


-f     2U,    «    KHjCCHXH,)  or  C,U,?! 

KtriylnmlDfl. 


4 


Bthiine  Cyoffw/r,  (CtHJ^'CCN),,  is  obiaiufd  hy  distiUiDg  potosaiam  qjran- 
ide  witli  etbuno  bomide:— 

C,n,Br,     4-     2KC?^     «.     2KBr     +     C^H^CCN),. 

It  is  a  crystalline  Uniy,  melting  at  6OO  C.  (14t>o  ¥.),  and  oonvert«d 
aloohoUo  potash  into  aiiuaonia  and  Hueciuic  acid  : — 

Cjll^CCN),     4-     4n,0     «»     2NH,     H-     C^HjO,. 


k 


laocyanldes,  or  Carbamlnes. — On  examining  tho  **qnatinnB  juBt^ren 
for  the  decomputfiliMti  ot  tho  nlvithoiic  uyaiiid(>ii  undor  tho  influoneo  of  alka- 
litffl,  it  if)  easy  to  rou  that  tlni  roai-tifiii  might  tw*  Riippo^i'd  to  take  place  in 
t  dilft^rent  way,  i<aeh  cyaiiitio  yioMiiig,  not  ammonia  and  an  acid  contain- 


ing the  name  numhtT  of  cnrlMin-atnma  as  it«elf, 
or  amiJiL%  and  formic  acid  ;  tliub  : — 

+   au,o  , 


but  an  alcoholic  ammonia 


cjl.cn 

Xthyl 
ilde. 


oyi 


MLC-Hi 

Ainioe. 


CH.O, 

Fonnlo 
add. 


J 


m 

f  Thi 

I  wot 


In  the  one  cast*  the  nlcohol-radiclp  retuaina  nnlted  ivith  tho  carbon,  pr*v 
ducing  a  bomologne  of  formic^  ai-t<1,  togolhor  with  aumionla ;  in  th«  othvr 
It  romains  nniteil  with  the  nitrogL>n,  pruduoiug  %  )iumuh>giie  of  ammonia, 
togtftbur  witli  fi*rmie  aciil. 

A  class  of  cyanides  oxhibitiug  tho  second  of  tltoso  roactitms  has 
discoverod  by  Dr.  liofmnnn.*     They  arc  obtained  by  diMlilliug  a  niixli 
of  an  alcoholic  ammoiiia-l>a5e  and  chloroform  with  aUiiboUc  |>oLatfh 
example  : — 

C«H,N     4-     CUa^     »     3HC1     -I-     C,UjN 
AnlUae.  Cliloro<  Phenyl- 


Oil  lor o< 
form. 


Uoeyaalde. 


The  potash  sorveti  to  nentrnlixe  tho  hydrochloric  a^id  productKl,  which 
would  otherwiae  quickly  diMjonipoae  the  isocyaiiido.  I'heuyl-ifiocyanidc,  or 
plienyl-oarbamine,  when  fre«l  from  exc*^'-**  of  aniline?  by  oxalic  acid,  tht-n 
drit«d  with  caustic  potash  and  rectltlcd,  in  an  oily  liquid,  grwn  by  trann- 
mitt<Hl,  blue  by  reflocUHl  light,  and  having  an  intolerably  pungent  and 
anlTtKating  odor.  It  Is  isorajri*:  with  b«*nzonitril,  and  is  resolved  by  Iwil- 
ing  with  dilute  acids  into  formic  acid  and  aniline  : — 


C7H5N   4-   2n,o 


CH,0,     4-     C,H,N. 


It  la  a  remarkable  fact  thai,  whcroas  iho  normal  alcoholic  cyanidw  ar« 
easily  ilooompoH.sl  by  Imiling  alkaliiu-  Bolutions,  the  iso.-yani.ltHt  areacarw 
altered  by  alkalies,  but  are  easily  hrdrnted  under  th..'  Influenn'  of  acic 

The  isocyani-lt^  of  rthyl  and  amyl  liav.*  li^,.n  obtained  bv  similar  pi 
■«Macs  ;  namr'ly.   hy  distilling  methyUmine  and  ethvlaroine  respeolir, 
With  chloroform,  also  by  the  action  nf  I'lhylio  anrl  amVlic  io.lidi>s  im  sUi 
^Dido.     Tlii'y  resemble  tli..  pbenyl  (-ompound  In  their  re.-irtinns,  and 
•lac  ehara<:ttTiied  by  extremdy  powerful  odors.     Tl»e  repuWiro  odor 
WUed  by  the  normal  alcoholic  cyanides  when  prepared  by  distilling 


Proceeilln^  of  the  Royitl  Society,  xrl.  lU,  14S,iao. 
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n&m  cTAitide  with  tlie  ethyl-sulphatf^  nr  hnrnnlogoai  talU,  tppean  to  bti 
f^.,.  ...  .(.,.  ;>.r<!<«<<iK-t>  "f  smotl  tpMiitltit-a  of  tliritt!  iWH'_vftuidi*«. 

•  ncr  of  (Ninatjiutttin  UHwoen  thu  uonn&l  cyiuiides  &»(i  tlit*  i»n- 
-;  1  ly  b*!  repr«*«*uto.i  hy  iUm  foliuwiiiif  foriuuls,  Uking  tli*.  luvthjrl 

cvcnjftHuida  fur  vxauple  : — 

K=C-CI1,  or  O'  I  [?„!  C^N— CH,  or  N'  |  ^^ 

Cyanide.  UocyattiUe. 

In  lh(»  Uorjr&iii't**  the  carbuti  lu'lfingiiig  Ui  tho  Alcohol-radiuln  in  iinflol  di- 
r«vt)jr  with  tin*  iiitri>gfn  ;  in  iti'.'  cyauid*;»  uiiljr  Uirough  tliu  Diudium  uf  Ihe 
•JrlxjQ  bulouging  U)  tlm  cyaiiogru. 

Tim  diffvrt^nev  of  «trurttii^  tuAy  perhftpt  Moonnt  for  the  difffrreniw  In 
f«uUitnii  of  tlio  oyoiiidos  azid  iii<K;y«mil««,  undvr  tha  lnIlu«uov  uf  hydral* 
ins  agentit,  thus  : 


H^«, 

,      HIlo 

«     Nil,     +     (■     U" 
OH 

Mcthvl 
cyanla*. 

Wdt^r 

<Sua].} 

AannoQU.            Aortic 
acid. 

^{cii, 

,       HHO 

=  Men.  +  ^{ll;; 

Met  hoi 

[i  ifiul.) 

Mflthylamlne.           rornilo 

Mid. 

The  iaooyuii«l(ffi  uf  methyl  und  otbjrl  (m«thyl-  and  elhyL-0Arb«iniii«s) 
U«  with  acids,  forming  cryauiUi&blo  aalta. 
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yftnlo  Aold.  niNO. — Of  thia  acid  there  are  two  possible  modt 
caUooB  reprvtteuletl  by  Ihu  foriuulie : 

N^C— Oil  and  CO-  N— H  . 

tfons  aro  ACtunlly  oxbibitud  in  tbr  metAllic  cyanat4*9  and 

"rh  ,  btit  tlie  Jicid  i\»»'\f  in  known  in  on«  miKlificatioti  only, 

tar  iv>nNtitutinn  of  wliirh  bas  not  yt^t  bi^fn  dftt^rmin*").     ft  is 

tioed  when  cyanuric  ociil,  deprived  of  its  wat<T  of  crvBtallixntiun,  it 

,t«d  to  dull   rpdiiens   in  a  bard  glasit   retort  tM»nnc<'t«"i  willi  a  rec«'tvf*r 

lied  by  ioo.     The  cyanuric  acid  h  re8nlr*»d.ir(tbout  any  othor  prrtdtjot, 

iko  cyanic  acid,  witirb  cond'tnflfi*   in   tb<t  r<*n<*ivr>r  In  a  limpid,  colurlMB 

oid,  of  extwedinply  pongi'nt  and    iM'tiolralln);  «»«b»r,   liki'  (bat  of   the 

g€Sl  a«H>tic  acid  :  it  cri*n  bllHlxtN  |.bi>  Hhlii.     Wh**u  inlxc^l  with  w.tlnr 

postM  aliDunt  iumedliit«>ly,  rIvImii  r|ai*  in  aMinnMilnni  blcnrlionatv : 

CHN'O     +     }\,n     mm     fO,     +     Ml,. 

COTiarqn<*nw  of  thin  d#»rompoitlllini,  nyaiiln  arid  cannot  lift  acpnratM 
a  cyanate  by  a  fltronRcr  arid.     A  Irni'n  uf  ||    bownvpr,  alwayn  pflcapo! 
dfonmi>«><ition,  and  i-oTDninnicati-a  to  Ibfirarhnn  dtoxldit  iwolvM  a  [inM^fnt 
II  Himilar  to  tbnl  of  anlplmroun  ruiil,     TIm»  "yanat»'H  may  he  .'agily 
BtingniRb<Hl  by  1hl«  xnu'll,  and  by  thn  ■lmiiUaiitMiu«  formation  of  an  am- 
nia-salt,  wbirb  rtMonina  behind. 
Pore  cyanic  acid  cannot  be  proaerrod  i   ihorlly  after  Its  preparation  U 


$3S 


«y«»- 


iaimt- 


2H.0 


Fvrsucr 


la  As  -nw  .riew  the  iI'."-'!!'  i-Tkii'.L'f  rvniiJi*  Toit— i  t—;!  the  .■ar^vnt.  pto- 
iocia^  *  Ii*iaML*}<'xe  jc  :i:ruL.c  itii'L  '^jiprcii'-r  T-.tii  ljj.oi«  o-a.  :3,  ilie  other 

A  dodtt   tC  ■-•TOii'b^  -fT.a;''*'""^-_r  "tlie  *A--c»i    c"  ta.»w  r"a».t;''na  hj»  been 
«f  u  al'Mafilii:  .taabjiim^oadtf  xaii   •trur'tri'i-n  v.ta.  A^'.vd*jLi;  pixaAh. :  for 

Sara.  ttuvT^ijie. 

woali  ocii*rwi** *iiU;klT  l-tcomc"**  '.z-t  t**.vT-i:i:fl»f.  PftecTl-isijoTuiid*, or 
^h<ttrl.<arfoamij».  wa<a  S>^i  ^m  -i.v-v*  ■:'  inili^e  br  ojciiw  acid,  then 
diif^i  with.  ea.3ditic  pr/CVfO.  an-i  rvt;"--!,  -j-  la.  .tl.T  !i«;:ii'i.  rnwn  bj  traits- 
mitt«»<l.  Ubc  by  r>*tffet!tK*l  U<ht.  i3'i  hari^.^  u  in^.i-irnHT  pungent  aod 
■nfforaxiaj^  o4or.  Il  U  id«>cirfr:.:  w;th,  b^-j-  nitr^I.  a=-i  i=  r^r*oiT*d  by  boU- 
fng  with  dilas**  a*n(ij  ia*:.)  fotmi':  aci-i  xiL-i  ULULCf  : — 


-fr-     C,H.>-. 


It  U  »  KmarkabU  («t  that,  wh^^r^a*  th«»  normal  aiv«''holic  cyanides  ara 
«a«ily  ^r^rtuyntiA  bj  boiling  alkaline  *-  lU'.i-.'ns.  th-  i**x'vani»ivs  a«  scarcely 
alt«r«d  by  aJkali«s,  bat  an*  easily  hT.irai.»»l  un-i^r  th^  inSu^^nw  of  acids. 

Th«  iwwyanidwai  of  *rthyl  and  amjl  have  U-r-n  oMain^i  by  similar  pro- 
oewfli  ;  namely,  by  dt-^tillin;  mtthylamin^  and  ethylani'n-!*  r«*iip«:tiT#ly 
vith  RhUiroforro.  alAO  by  th**  %pXv>j\  f.f  .-thylx  ini  amTiic  i-^lM*^  on  ^ilrer 
cyanid'^.  They  r'-4^inb1>^  th-  X'b-nyl  mmr-^nnl  in  th^ir  iva-'ii^ns.  and  are 
aivi  f;hara'rt''rizwl  by  '•xtr*'m*-Iy  pow*-rfiiI  olnrs.  Tlie  r»»pnl-«iv.«  oilor  poa- 
•••••d  by  th«  normal  alcoholic  cyanides  wh^ri  prepared  by  distilling  poias- 


•  Proeeedlnjrf  of  the  Rofal  Soeietr,  XTi.  144,  14S,  lU. 
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dirty-white,  Mdid,  amorphoQs  mass,  which  is  impure  cyanario  acid.  This 
is  diaiolTad  bj  the  aid  of  h(*nt  in  strong  oil  of  rilriol,  and  nitric  acid  addi-d 
fay  small  portions  titl  the  )i(|uid  U'conifH  m*Arl>'  cidorlfHH  ;  it  in  th<>n  mixinl 
with  water,  and  left  to  cud,  wht-ri-uiMin  thi>  t-ynnurit*  acid  Hcpiirattti.  Tlio 
vrea  may  likewise  be  decoinpiwed  v*t>*  wnveuitrntly  by  pfiitly  hitatiug  it 
in  a  tube,  while  dry  chlurim*  or  liydntchluric  acifl  gaH  pasHoH  ovt*r  it.  A 
mixture  of  cyanuric  ac-id  and  sal-ammoniac  reHults,  which  is  8«*parat4Nl  by 
diasolring  the  latter  in  wattT.  The  reaction  with  chlorine  is  rcpresuntiHl 
fay  the  equation : 

3CON,H<  +  CI,  —  C,N,H,0,  +  2Sn^pi  +  HCl  +  N. 

Cyanuric  add  forms  cnlorUinB  fffloreitccnt  cr/Htals,  siddom  of  larKc  sixe, 
derived  from  an  oblique  rhombic  prJHin.  It  ix  wry  liltU*  Mdiildt*  in  ndd 
w^ter,  and  requires  24  partH  for  Hiiliition  at  a  lK>iliiig  lirat :  it  rvtldouH  litmus 
feebly,  has  no  odor,  and  but  littU'  tastr.  Thi*  vuvi  i»  triluuiic  :  the  cryHtals 
eotntain  C,N|H|0,.2Aq,  and  ari>  ouhiIv  d*>priv(>d  of  tlu>ir  water  of  riyHlnl- 
lizatlon.  In  point  of  stability,  cyannric  acid  ofl'i-rs  a  UKwt  rfuinrkablo 
contrast  to  its  isompride,  cyanic  acid  ;  it  dissolvcH,  as  aliove  indicatttl,  in 
hot  oil  of  vitriolj  an<l  vwn  in  strnng  nitric  acid,  without  dcc(>iu|Kwition, 
and,  in  fact,  cryHtalliziMi  fn>m  tlit'  Inttttr  in  tlitt  antiydniuH  stati*.  l«on>t- 
eontinued  boiling  with  thint*  powerful  agents  resolves  it  into  ammonia  and 
earbonio  acid. 

The  connection' between  cyanic  acid,  urt«,  and  cyanuric  acid,  may  Ihi 
thos  recapitulated : 

Ammonium  cyanatc  is  converted  by  heat  into  urea. 

Urea  is  decomposed  by  tlwi  same  means  into  cyanuric  acid  and  ammonia. 

Cyanuric  acid  is  changifl  by  a  very  high  t<>niperature  into  cyanic  atad, 
one  molecule  of  cyanuric  ai*i<l  ttplitting  iuto  three  molecules  of  cyauio 
acid. 


Cyanic  and  Cyanuric  Ether$. 

Of  each  of  these  ethers  there  are  two  Reri(»,  analogous  to  the  alcoholic 
cyanides  and  isocyanidcs.  Tlte  difference  of  their  structure  is  exhibited 
l^  the  following  formuln,  taking  tlie  methyl-compounds  as  examples  : 

N^C— O— f:il,  or  C  I  j^^'j'j      O^C     N— CH,  or  N  |  ^;^^" 
Normsl  cyanate.  Isoeyanste. 

The  corresponding  cyanuric  ethers  are  represented  by  the  formula, 

The  normal  cyanic  ethers,  discovered  hy  Hoes,  and  the  normal  cyannrio 
ethers,  discovertid  by  Hofmann.*  are  prodnoefl  simultaneonRlv  by  the  action 
of  gaseous  cyanogen  clilorideon  the  sodium  alcohols  :  normal  ethyl  cyanate, 
for  example,  from  cyanogen  chloride  and  sodium  ethylate;  thus  : 

I^^I  +   NaOC,H,  -  NaCT  +  c|JJ^^^^ 

•  Th«  Iftoeyante  «mt  lnorrnnnrlR  ethem  hurlnc  heen  dUeorered  first  (by  Wurtx 
la  1848),  were  orlgiaslly  called  eyanio  and  oysourio  ethers. 
46 


542 


CYANOaSN-COMFOUNDB. 


Tlicj  are  deoompoBod  by  water,  amisied  by  acids  or  basM»  into  cymnio 
or  cyauuriu  acid  and  an  aloohol :  e.  tj. : 

Tlio  cyanntff  "f  nu'lhyl,  t^lliyl,  and  aniyl  are  colorletHt,  oily  liqaids, 
ccimpiMed  by  licat  into  a  vulntile  portion  and  a  solid  rv«idue.  The  coi 
Bponding  cyanurati.'S  are  oryKtaliiuL'  t4oltd:$. 

TUo  isocy  aui  c  aud  1  a  ncy  &ii  u  r  ic  etlinrin ,  ur  a  Icnliol  t  c  car  b| 
m  i  d  u  s ,  ari<  protiut^LKl  uiiuutlaneouiily  by  distilling  a  dry  miscture  of  pol 
Biam  iaocyanate  and  methyUulphate,  uthylaulpUato,  etc.,  e,  jp. : 

Klhylic  isocyminte  and  isocyaiuirate  thua  obtained  are  easily  sepnral 
by  Histillation,  Hits  former  U>iling  at  OOO  C.  (14l>^  F.).  thw  latier  at  2T( 
C.  (fi-H.hO  F.)-      I'l'*-'  ft»rmi'r  is  a  ninltilo  liqiiiri,  the  latt»_'r  a  orjrstnllino  twd 
melting  at  Sf)^  C.  (18G<^  ¥,),     TIk*  iKiK'yanurate  may  likowitio  In;  obtain^ 
by  ditttilling  a  niixtiirt'  uf  potaaaium  i-yauurntv  and  vtli^Uulphat^* 

The  ftli<>r>(  iif  tlii.H  i'la.«8,  when  hratml  with   n  tfinmg  Httlntion  of  cau! 
nlkiili,  are  required  into  carlK>u  dioxidi.'  and  an  alcoholic  ammonia  or  oujii 


I^  (  (CO) 
Ucthfl  Isocyannte 


+     H,0    =s     CO, 


+  H\ 

UethylAinlDe. 


Fnlmlnlo    Acid.    CjN^H^Oj. — ^Thts   cnmiKinnd,    pnlyniwio  w!tb 
cyanic  and  cyanurif  aeiils,  is  one  of  the  prtMlticls  fnrrned  by  Iho  action  of 
nitrous  aoid  upon  uluohol  in  presence  of  a  Halt  of  silver  or  mercury, 
rtciil  itself,  or  liy»irogen  fulminate,  has  mil  been  obtained. 

Silver  ftilminnte  ih  prepared  hy  dissolving  40  or  50  grains  of  silver,  irhi< 
need  nut  (k-  pure,  in  aWmt  J  oz.  by  measure  of  nitric  acid  of  up.  gr.  1.37, 
with  the  atJ  uf  a  little  heat.  To  the  highly  arid  itolutinn,  while  still  hot, 
2  meaituredouncefi  of  alooliol  are  added,  and  heat  ia  apjilied  until  reaettoii 
coniuienoea.  The  nitric  ncid  oxiJixett  jiart  of  tho  alcohol  to  aldehydo  and 
oxalic  acid,  1j<*eoming  itself  reduced  Ut  nitrous  aeid,  whieh,  in  turn, 
upon  the  aloohol  in  suuh  a  manner  ah  to  form  nitrouii  vtber,  fuluiinic  a 
and  water,  1  molecule  of  nitrouti  ether  and  I  uioKh'uIu  of  nitroiu*  avid 
taining  tbo  elomeuta  of  1  muleeule  of  fulminio  acid  and  2  moleoulea 
waUir: 

CjHflNO,  H-  UNO,  =  C,N,n,0,  +  2H,0. 


'lion 
and 

1 


Tlie  silver  fMlminnlH  alowly  separates  from  the  hoi  liquid,  In  the  form  of 
small,  brilliant,  white,  cryHtalline  plates,  which  may  be  wntthed  with  a 
little  cold  water,  dlatributed  upon  separate  plecofl  of  filter-pajwr  in  portions 
not  exee«>ding  a  grain  or  two  each,  and  left  to  dry  in  a  wanii  plaee.  When 
dry.  the  papeni  are  foMert  up  and  pre^^rvw)  in  a  >»ox.  Tlie  only  pt-rfeetlv 
«afe  method  of  Iceepfnp  the  flalt  la  by  immerning  It  in  water.  Silver  ful- 
minate is  soluble  in  3fj  parla  of  lM»iling  water,  but  (he  grenter  part  errs 
lizp«  out  on  cf>olin? ;  it  is  one  of  the  most  d«utrer«UB  ftubfttnncen  kno 
pj[plf>ding  with  fearful  vinlonc**  when  strongly  healed,  or  when  mbbed 
atrnek  with  a  bard  body,  or  when  toneh<»d  with  concentrated  sulphuric 
■oid  :  iho  metal  is  rflucf-d,  and  a  large  volume  of  gasoooR  matter  andd 
lil»er.it«'d.  NeverthBbjflB,  when  very  cautiously  uiixoj  with  copper 
it  may  bt^  burned  in  a  tube  with  as  maoh  facility  aa  any  other  org 


4  3^ 
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lee.     ltd  ocrnipMitkni  Uiai  daUrmliMd  U  exprnMcd  bx  the  fomula 
'■Iniinio  At'i'i  is  1)it>ui(i :  when  vjlvt^r  fultiiin.it**  is  (liKf«t«td  with  cauMlid 


pfftssh.  onf-hfiH  of  iho  illrtT  i»  ftrt-oi|tiutiHl  Ji»  oxidp,  unci  •  fiVrcr 

"*i*V  1"  I»rtxl»i«>^l,  »lih-Ii  r»->»'inlili-«  tlir  nt'Utrnl  wllvorsall, 

u  ItlifW.     <*4irrrn|M>[i<liii|*  '-<)in|>4(tiii(lii  t-nntalnin^;  ■fNliiiin  nr 

'     '  ro  fnliaiiiMtf  nf  an  alk»li<iu«*tml  Khh  lU'Vcr  l»t'i»ii 

)m*  ili^f)4l«<<l  wilt)   wiilrr  ftiiil  iNipi'cr,  itr  tiiio, 

,.  _  ..;:.:.,,  .1-,  ^-^itl,  ui<l  a  fiiliuiiiAtv  of  tbo  ottu-r  uu'tal  |»n>- 

I-     Tlt«  xt»c-«alt  mixt'il  nilh   Itar/U-WAtiT  ffirra  ri»i- to  n  |in^cipltat« 

■  ;.c  i»xiilr,  Wliilct  zinrn-litric  fulmimtif,  ZaHu(C,NgO|),.  ri>lii&iu»  tii  m>Iu- 

lt«>i).     Mrrmrir  fulmtnut*,  H>:(*jN,0,,  U  [>r«<(>iir4Ml  by  «  |iriK!**«>t  vt*rr  HJtiiillkr 

to  thAt  bv  whicli  thr  itilrtir-aftU  U  obtaiiml.     One  part  uf  uii-ri'ur,Y  ia  dis 

*<>li«vl   lu    12   i>.iru   (>r  uitrio   nuiil .  ihit  tHiliitinii   ix  uiixvd  witli  nii   (hiuhI 

■^ujiiltl/  iif  ^Ir  .'htil  ;  jitiit  ^*<ittl»^  linat  in  Jipiilii-tl,  tht-  n-arLiiui,  if  Um  vii>l*-ut, 

I'- -  ^   t.ii<-<l  \>y  a'ldin^  riifiro  a|iirit  from  liiiit*  |o  timr.     Much  cutImmiIo 

II,  aimI  nni  vtipnni  urv  lUwnKnKt'').  tM;,'L>(livr  with  a  Inr^v  i|uiin- 

•ui  fthrr  and  aiiirh^i'dtj ;  i\\*^v;  arc  Moiui-tiincM  c<m<l(-niiitl  aihI 

iUiciwi  fur  ttAlo,  but  art*  siiiii  tti  coiitAiti  )t>'>ln»c>itniu  Arid.     Tbo  lUiTriirto 

tiiAU*  iii-|>arat**H  from  lli>-  hot  Im|iii<1,  and  nTUT  cvmling  umv  bi*  puriatnl 

admixture  of  riviuc**d  metal  hy  Kulution  in  boiling  water  and  rv- 

IftAlion.     It  tDUcb  ri.ii«!ioblu«  Oiu  silver-KiiU  in  n]j]M-iiranei>,  |ini]M*r- 

id  degrt>(t  of  ftohibility.     It  trxjdudttH  violi-iitly  by  friiiion  i>r  pfrcUK- 

but  unlike  tbif  hllver-c<rmi»ound,  uit^rtdy  burns  with  u  ttudilfn  and 

InuMl  n<)iKi-k*--ii)  HiL-ih  when  kirtilUil  in    tbt*  (.ipfU  air.      It  la  luauufat'turvd 

a  lar^i^e  »eato  for  the  purpitst*  uf  charging  jtercuAsion-ca/M ;  sulphur  and 

ituin  ublorato,  ur  muri!  frcHjuuutly  nitre,  are  aiUU<d,  aud  the  powdur, 

into  Iht!  cap,  in  necured  by  a  drop  of  varniah. 

Thm  relation  of  oouipot^ilioD  twtweeu  IIia  thn*e  isomeric  acidn  is  shown 

hy  oomporlson  of  tb^ir  »ilv<'r**altH  :  the  fint  aoid  ia  monobulc,  the  a«oond 

faiba*ic,.aiid  the  third  Iriba&ic: — 


Hilvor  criinntc 
Silver  fulminate 
Silver  vyaaurate 


AgCNO 


Pulminic,  aa  well  tu  cyanie  acid,  nmy  Ix^  cnnrerte*)  into  urea.  Pr. 
ladaUme  haa  aliown  that,  when  a  solution  of  copper  fulminate  i^  mixed 
Ith  «x(^«sa  of  niuuionia,  Altereil,  trealtil  with  Hulphuretted  hydr'i^en  in 
iceM^  and  again  fllUrred  from  thn  iUHoluble  cop|H*r  sulphide,  tbi*  liquid 
>laine(l  U  a  mixv<l  solution  of  urea  and  Hnmionium  thiocyanate. 

Another  vi«*w  regarding  the  constilution  uf  fuliuiniu  acid  wa»  proposed 
(verhardt.  Tlie  fulmiitales  may  1m*  considered  aa  methyl  eyanidv  (ueu- 
iDitril),  in  whieh  one  atom  of  hydrogen  u  rupUoed  by  NO,  aud  'Z  atODia 
"  hydri>gcn  by  mercury  or  siWer  :— 

C    n     n  n  TN       .        .        .        ,    Methvl  cyanide. 
C(NO,)AcAKf*N        ....     Silver  fulminate. 
C(NO,)  Ug"CN       .        ,        .        ,     Mercuric  fulminate. 

_  Thla  view  ban  received  some  support  by  the  interesting  olwervation, 
made  bv  Kekultf.  that  the  ortinii  of  chlorine  npon  mercuric  fulminate, 
I  giv-H  rUe  to  the  furm.-ition  of  ob!nropi«rin.  C(NO^)ria  (p.  .'*2(t).  ""»  «*"* 
^■jiectlon  of  fulminio  ac^id  witli  tho  methyl  Beriea  ia  thus  «8tabliHhed. 

r       waa  di: 


Palmlnurio  Aold,  C,N,H,n,  — TIiIh  aotd,  isomeric  with  cTanurin  add, 

discovt-rt^l   rtiiiiiiltaneoiiHly  by   Li*>bl<;  and   by  Btrhischkoff.      It  i»  n\t- 

ued  by  the  avtion  of  a  aolublo  chloride  upon  mercuric  fulminate'.     On 
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iMiQlng  morourio  falminate  with  an  aqueoua  solution  of  potassinm  chloric 

the  iu»*rcury  suit  grAilually  rlifmolvfii,  and  tlic  clear  luitiilmn,  aftKr 
tirae,  iHiL'Oiiius  tiirbi'l,  in  O'liiHiHiui-iici'  of  a  iiti>paratiuii  of  mercuric  oxide  ; 
iUvn  ooulaiuu  ]jutu±isiuiu  fuLiuiiiuratu  : — 

3HgC,N,0,  H-  8KC1  -f   H,0  «  4Ka  -i-  2ilgCl,  -f  DgO  +  2C;N,UK,0,. 

If,  insttfod  of  potassiuui  chloridv,  sodiuui  or  ammobium  chloride  be 

?lojrtfd,  ihu  eornitpouding  »udium  aiid  nmuioniuiu -com pounds  are  obtatni 
ht*  fulmiuuratutt  crvRtallixe  with  jj^r^'at  facilitj* :  ihvy  mv  not  explof^ive. 
Putniiniirio  ac'u\   has  thti  »atiiH  (.•oniptttiiliou  aa  c^anuric  ai;id|  but  it 
bibohic,  irht^roaH  cyiiiiurio  acid  is  tribabic. 

Cyanogen  Chloridei.  — <riilor1no  forms  vith  oy&nogon,  or  its  oKMn«n1 
two  c'iiiu[K>uiidif,  wtiich  uru  pulyiiieric,  and  analo};oii8  tu  cyanic  and  cyi 
uria  aciiid.      Gttsejnts  ntfnnorjm  chlnritie,  ^'j^'it  is  furni(*d  by  passing  chlorii 

S\  into  anhydrouu  hydrocyanic  ncid,  or  by  pujisiug  ohloriiiv  over  rool 
rourio  cyanide  contained  in  a  tnfje  HhoIt**red  from  the  light.  It  ia 
permanent  anil  colorless  gA8  at  tbc  t>>ni]>craiuro  of  the  air.  of  iiisuppo 
ablf  piingf^noy,  and  soluble  ti)  ii  vory  con»idtjrablo  extent  iiiwalt-r.  alcolx 
and  ether.  At  — IS^  C,  (0.4O  K.)  it  congeals  to  a  mrLSs  of  colorh'ss  ct\ 
tnU,  which  at  — IT)^  C.  (5*^  F.)  melt  to  a  lii|uid  whosfl  boiling  point 
—  ll.tf^C  (12. 3C  K.).  At  the  teiaperaiure  uf  the  air  it  is  eundenswl  tn  ll 
liquid  form  under  a  prpasure  of  four  atmQ«pheri>s,  and  when  lung  pre- 
served in  this  Htato  in  hermetically  sealed  talK'a,  gratiually  pnsHm  into  the 
solid  modification. 

On  pa^rtiug  gasooiu  cyanogen  clilurido  Into  a  lolation  of  amnionia 
auhydrouH    ether,    cyauamido,  O'^li^    la    formed   together   with   bal-^ 
ammoiiiae. 

»So/uI  r.yanof;«n  chtoriife,  C,N,Clj,  or  CyjClj,  la  generated  when  anhydrot 
hydrocyanic)  acid  in  put  into  a  vessel  of  chlorino  gas,  and  the  whole  e 
posed  to  the  suu  :  hydroi^hloric  aeid  is  formed  at  the  same  time.  It  fori 
long  ct)lurl(!sii  needb^s,  which  exhale  a  i>owerful  and  ofTensivo  odor,  eoi 
pared  iiy  snme  tu  ttuit  of  the  excrement  of  mieo  ;  it  lueltit  ut  l-K*©  C.  (2l 
¥.),  and  sttblimtrs  unchanged  at  a  higher  temperature.  When  heAlcsl  h 
oontact  with  wiiier,  ii  is  dwomposed  into  cyanuric  and  hydrouhtorio  aci^ 
It  dlssolreH  in  ah'uhol  and  ether  without  dts^miposition. 

V^tnwjrn  Hr'unid*  auil  Jotlule  eorre.sp<«nd  with    the  tiral  of  th*»  proredini 
Oompound.H,  and   are   prepare!    by  dwtiiling    bromine  or  iodine  xrith  nif 
uurio  cyanide.     They  are  oolorloss,  volatile,  aoUd  BabsUnces,  of  pororl 
odor. 

Cifono^ea  Sulftfiide,  C^NjS,  or  Cy,S,  rec*»ntly  olitainwl  by  Linnemnnn 
the  action  of  eyauo;;en  iodide  upon  silver  thiocyanate.  cTywtnlliat-s  in  trani 
parnut,  volatile,  rhombic  plale«,  having  an  o-l'or  similar  lo  thai  of  oyant 
g-ui  iodide.  It  mellu  at  UO^  ('.  (140°  F  ).  but  deoompostm  mpidly  at 
higher  temperature ;  dissolven  in  "tlier.  alcohol,  and  water,  and  Mtparattf 
from  hot  concentrated  Bolutioiu,  on  oooling,  in  the  crystalline  form. 

Thlocyanlo  Add.  TNHS.  aUo  called  Sulfthoe^aitir  anW.— This  aofd 
the  riulpiiur   analogue  of  cyanic  acid,  and,  like  the  latter,  is  monobasic 
the    thiocyauatoa    of   monad    metals    being    rHpre«entMl    by    the    formul 
MCX3. 

Ihtiuisium  Thinrynnatt,  CNKS.— To  prepare  this  salt,  yellow  potassiui 
ferrocyanide,  deprived  of  itM  water  of  crj'stnlliiation.  is  intimately  mixi, 
with  half  its  weight  of  «ulphur,  and  the  wbnle  heated  to  Iranquil  fusioi 
in  an  iron  pot,  and  kept  for  some  time  in  that  pondition.  When  cold,  tl 
melteil  ma<ta  is  boiled  with  water,  which  diwolres  out  a  mixture  of  pot 
tiium  c/i/oti^juiate  and  iron  thiooyanate,  leaving  little  behind  but  the  •xoeflo' 
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Jphnr.     TbU  solation.  which  becmnr*  r«d  on  «Jtponr«  to  lb«mir, 

oxi<liit^ '  *'  -  irtm,  i»  mixe«l  with  |MitaHttiiai  CArUmstr,  hf  whiab 

kruo  IB  )  ',  uiiil  putAAAium  rtut«>titut«(l :  an  cxcicfl»of  the  c&r- 

lOUrrt  r   ILS   (K««tllie,  AVuUitiHi.       Tliv  ftltefffli  lii^uili  is  iX>tliVtk- 

iWii,  hf  evA|forAt>iou  ovvr  ui  upvu  firv,  lu  a  suulII  bulk,  aibi  leH  U»  two! 
crj-suUixK.  Thtt  i:r>'atAl«  arc  lir&iuM*  pnriOeil  hy  rr-Mitulino,  if  n<«e«- 
■Arjr»  or  drie«l  by  iiicltiAiiig  ihcin,  iprttail  on  tiUcr-|M|M'r,  uvor  ft  turlftcv  of 
oil  of  Tilriol  «w«Tfil  wiili  »  IwU-jw. 

Th«  rt-ftctiun  U'twfcn  the  Bulirhur  ftod  lh«  potftMium  fvnTOcywUdv  k 
reprfltentvil  bjr  ilit^  i«juAliou  ; — 

K,Kt<,\  -f  S,  —  4KCNS  -f  Fe(O'S),. 

*  > -r  ftod  irrei)  bett4*r  procettfl,  consisU  in  grtdnmWjr  beating  to  low 

<  c«>vt<rp(l  VK's»ei  A  iiilxtare  uf  'Iti  purta  of  dried  pouuftlan  ferro- 
^  of  Auliihur,  and  17  of  pure  portusitlum  carboDftte.     Th«  uus 
jiliiiiiiilf^l  with  water,  the  aqtienim   solutiou  in  eTa|K)rateU  to  drjrurss, 
the  resMuo  is  «xhauitt«d  with  alcohol.     The  alcoholic  liquid  depoolta 
l«*iidiii  L'f  vitals  on  i«iuliug  ur  irraporation. 

I^otaMKiuin  thioi-vanalu  crysitallizesi  iu  long,  slender,  colorlcM  prisma,  or 

which  art*  auhydruuji :  it  U&»  a  hitttrr  saliue  taat«,  and  la  dratitatv 

flftyofftonuufl  pn>perticii :  it  Ib  verj  Moluhle  in  water  And  aleolml,  and  dtdi- 

tteii  taiHMod  to  a  moist  ataH«phori'.     When  heated,  it  bivlt«  to  a 

Mts  liiiniti,  ur  A  t«^iitjM>ralure  far  helow  that  of  ii^nition, 

Chlorini',  i)aA«i'><l  into  a  strung  Bolalioo  of  poiAMium  thiocranAlv,  throwa 

n  a  largo  quantity  of  a  bulky,  deep-vHIow,  inaoloble  subulancp,  for- 

rly  calltrd    »  u  I  phocy  anogtin  ,   from  ita  suppoaed   identity  with   tlin 

olo  of  thf>  aulpli<H-yaJi:tU«  :   it  i»,  howL-vir,  invariably  fooiiil  lo<>(intaiu 

rogen,  and  w  r^-pri-^ftili-d   by  tlif  fonitiila  C^NjllS,.     TUib  vollow   nub- 

oe,  now  gfncrally  ciiUtxi   poraul  phocy  auogcn.  i^  i|Uilc  iUM^ultlw 

At«r,  altx>li<fl,  and   other.     When   heated  in  the  dry  stai>f,  it  woIvqa 

Iphur  ami  iArU>n  bisulphide,  and  le^kvoa  pale,  atraw-yellow  aultttano* 

oalled   hydromellone,  C,\U„  tho  deoomfwcitioa  being  rejireseotiid 

by  the  equation  :«- 


I 


8C,N,IIS,  =  3CS,  +  8,  +  CjN^r 


M 

^^koaing  lejul  tliiix:yaiiatf,  »u»p*>nd*nl  in  wnttT,  with  Bulptitircttfd  hydrogen. 
^^|be  filtered  solution  ia  <t)lori(*f4fl,  very  acid,  and  not  {Kiisnnoua  :  it  ih  tMuiily 
^^Koompoaed.  in  a  very  complex  mnnnor,  by  ehnllilton,  and  by  expuaiirf  to 
^^^^  Air.  By  nfoiralising  the  liquid  with  ammonia,  and  nva|H>rAttng  very 
^^Mintly  to  drynofls,  amntonintn  thior^ufuitr,  NlI,l*NH,  la  nblAlin-d  luk  a  deli- 
^H|nv8cent,  saline  maris.  Tht>  nalt  may  In*  c4^MV'<<nl<>ntly  pri-jmrt'd  by  dtgenl- 
!ne  hydrocyanii!  acid  withyelluw  amtuonium  ttulphldc  (unitaining  exoeai 
of  aalphur),  and  liuiling  off  the*  mxc«iw  of  th*<  lattfr  : — 


K 


aHCN    4-     (N"*),^    +     s, 


H,S    +     2(NT!,)rN8. 


H  thiot^Anaiee  of  wkA'fim,  harinm^  xtrnntvim,  rairium,  rmintftiMMt^  and /Wnws 
thinrffotiattt  are  uolorb'Kit  and  vrry  ftoliittt'*;  tliiMe  nf  irati  and  h/rwr  are 
while  and  Inaiduble.  A  soluble  ihitHynnatr  niixrd  with  n  fnrrir  ttalt  givt.>a 
no  preuipitatH,  but  i-auscn  the  Iii|nid  ti>  Httnunif  a  blixiil-rMd  tint:  hrnn*  the 
ns*^  of  )HiiiLti.>4itiui  thiooyanate  nn  a  tfctr  for  Iron  in  the  iitut«*  of  fi_>rnr  salt. 
The  re<l  ivdor  proiluced  by  thiocyaiiatoN  in  ferric  HolutlimH  ie  exartly  like 
that  oau:4*'<l  unrler  similar  circumittanei<a  hy  nim-onic  add.  The  two  Hiih- 
BtAnL-i«  may,  hnwever,  be  readily  diutingutshi'd  by  the  a'ldition  of  a  i>nlii- 
lion  of  gold  chloride,  wliirh  destroyo  the  color  produced  by  thlotryAnatea. 
'  a  ferric  meoonate  may  also  be  distinguished  from  the  thiocyauale  by  ko. 
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ft'ldition  of  oorrosiro  Btiblim&tc,  which  blcnchos  the  thiocyonite,  but  has 

little  viTt^i  upiiii  Uiv  lUMXiiiati*.     Ttiiij  i»  a  point  uf  cc>UHidernL>Io  prRctii 
importanoti,  as  in  uicdicu-logal  Inquiries,  in  which  cvidi-nct*  of  the  lirtre^-i 
of  ujiiuiit  18  sought  fur  iii  cfimpU'X  organic  mixtures,  the  (li.*tfCtiMi]  of 
Cuiiiu  acid  is  imuitlly  thr  id>ject  of  the  rhpiuist ;  mid  ajnr«  tr.-;^-*^  nf  alkiilu 
thl<Ktyan.itf  are  to  l>f  fouod  in  the  i^nliva,  it  iMKntuefl  wry  desirable  to 
move  tliut  itource  of  error  and  auihiguity. 

Thi!  great  facility  with  vhiuh  hydrocranie  add  may  b«  eomv^rted  ii 
auiniunium  thiiK<yanat«  enables  ux  to  aitcertain  its  prevrnca  by  the  ii 
ttrst  jii8t  dearrilieij.     The  cyanide  to  l>e  exumined  is  mixed  in  a  walch-^l' 
with  some  hydr(K:hloricacid  and  covuretl  with  another  watch-glass,  towhici 
a  few  dropii  (»f  yellow  aniiuuuiuiu  sulphide  udliere.     Oit  Ijeatiiij^  the  mixture, 
hydrocyanic  acid  is  di»L-iigaged,  whiuh  eomhinLi*  with  the  ammuniaoj  snl^ 
phide,  and  produces  auuuonium  thiu<-yanate :   Ihib,  after  expulsion  of 
vxcirsri  of  Hulphide,  yields  thu  red  color  witli  aoluUou  of  ferric  vbloride. 


Tbiocyanic  Etbera.— Tliene  ethers  exhibit  iimnieric  nKMiiHcalioiii 
analogous  to  ttuHe  uf  lUe  alcohuliu  cyanat4>M  and  i8<K?yanatea  (p.  542).  Tl 
normal  thioeyanates  of  mothyl  and  its  hoinolo^'uuit  were  disoovered 
CaliourH  ;  and  Hofinann  haA  obtained  the  ei:irreN|»onding  isothiooyanati 
The  Bunie  vliemist  some  years  ago  uhtaineil  phenyl  iKothiouyanale.  Allyl 
thiocyauatu  has  lung  been  known  as  a  natural  product. 

formal  Eth^  Tkiocyanatej  C  \  u  ^it  >  bi  obtained  by  aatunitlng  &  con- 

oenlratsd  solution  of  pota&sium  tliiooyanat«  with  ethyl  chloride  : 


^{rfK     "*"     ^^"»^     »    KCl    -i-    c| 


also  by  dialilliii);  a  mixture  of  calcium  othylnulphate  and  potassium  thi 
oynnate.     It   is   a  mobile,   colorlesa,   strongly   refracting   liquid,  having 
snnii'whnt   pungent  odor    lik«  that  of  mcrcapUn.     It    t>oiU   at    \AxP 
(•JIM.hO  K.).     With  ammonia  it  docs  not  combine  directly,  but  yields 
ducts  of  dei'<nn[Mii4itiou. 

The  methyl  and  ainyl  thiocyanic  ethers  resemble  the  ethyl  compound, 
an<l  are  obtaint-d  by  similar  processes.  The  methyl  etiier  boils  at  about 
1320  C.  (2Gl».tP  F.)  ;  th«  amyl  ether  at  1970  C.  (38«.e^  FO- 


J 


Ethyl  Isolhiorjfanarf,  or  Efhifiic  Tfii.icarhimidf,  N  |  J.  ^^  .is  prodooed 
distilling  dicthyl-thiocarbamide  with  phosphorio  oxide,  which  ab^ 
ethyl  amino : 


Wethyl'ihiocarba- 
tntilc 


Ettiflnmine. 


Etbyl-liothlo* 
cyauste. 


"differs  eswntiallv  in  all  its  properties  from  etliy!  thiooi 
^  >*^'r.  ('27X2L^K.).  and  has  a  [mwerfnlly  Irritating  txlor. 
_laM  oil,  nnd  quite  dilferent  from  that  of  normal  ethyl  sulpl 
It  wniltfi  dire<'tU- with   anmuinia   in  alwdiolic   solution,  forming 
itde.  N,(<*i')"(fjnO"i.  «"'*  f'Tras  similar  ctMujiounds  wit" 
r'lhvUinine.     The  pungent  odor,  and  the  dlri«ct  eriml 
mU  and  nminrt,  are  characteristic  of  all  the  ethers 

5(CS)"(C|Hj),  !»  obUlniKl  by  distilling  phrnyaal- 
lJ(5t>"(^'sUi)H„  with  phosphoric  oxide  ;   nafththyl  mXAkk 


Tbefofi 
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N(CS)"(C,,II,)*  In  lik(*  manner  tram  dina|thtbylHul]ili(Karltaiiil<ti*. 
m  Cornier  buUiC  at  22(P  C.  (42»o  F.)- 

AUgi  Itatkioeyanaie,  or  Allylie  Thioearbimide,  N  |  (*^[|^  ' .— ThiM  in  thi*  in- 

tenaeljr  pongent  volatile  nil  obtainnl  hy  iliHtillin};  tin'  xitiU  of  liliu'k 
maitard  with  water.     It  d<>i>s  not  t-zirit  ri*a<l.v-f(iriii(Ml  in  tlic  HiMtlM^  l*iit  in 

pnidooed  bjr  the  deoompoiiitiim  of  myroniv  acid   under  the  inllufUi f 

myroiln,  an  albuminous  Hulmtanrv  analo^iuH  tu  the  HynuptAKc  «if  bitti-r 
almondi.  The  aamv  compound,  or  |H'rlin[w  ItH  iKouicridi*,  noniiiil  nllyl 
thioojanato,  is  produrtKl  by  tho  action  of  |>utaiMiium  tliitH-jrunuti*  or  Milvt-r 
thioc/anate  on  allyl  iodide  4ir  all.vl  oxidi;. 

Oil  of  mustard  is  a  trauMpart-nt,  colorlcHS,  Btrongly  ri>fr»(-tiii)!  oil,  imw- 
Muing  in  the  lii^htiit  degrtM*  tlit*  sharp  iH'notratinj;  iNior  of  liliirli  muNtiird. 
The  smallest  quantity  of  thr  vajxrr  excitfH  ti-arx,  and  w  upt  to  |)rtH|iii-o 
inflammation  of  thHevi'S.  !t  han  a  burning  tiiMti-,  und  rapidh'  IdiHtiTH  llio 
akin.  lU  specific  Kravity  ih  1.(M>1I  nt  Ifw  C.  (r>!>o  K.).  It  ImiIIh  nt  M^  (\ 
(298.40  K.)-  I^  isrtparingly  soluldo  in  wntt>r,  cAKily  Holubh'  in  itli-oliol  and 
other  ;  dltMoWefi  Kulphur  and  pbfMpboruit  wImmi  licati'd.  and  dfjxmitH  them 
In  the  cryfltalline  state  un  ciH>ling.  It  is  rioh-ntly  oxidi/i*d  Ity  nitric  nnd 
by  nitromuriatic  acid.  HoatiMl  in  a  scalfd  IuIm*  with  iMitnttitinni  nionoHul- 
phide,  it  yields  potassium  thiocyanate  and  a  1 1  y  1  h  u  I  p  li  i  d  o  (vidutilc  oil 
of  garlic). 

t(C,Hj)NC3    -f-     K^    !■    2K(:NS    4-     (<',llt)^. 

It  likewise  yiflds  f^arliii  oil  wh(>n  d«>comifOHi'<l  by  |>otaHsiiini.  Hi'ittiil  t4» 
120OC.  (248^F.)inaH4!ab-«llubi!  with  pulvi'riz<ilH<Hladinii',  it  yields  WHliiim 
thiocyanate  and  allyl  oxide,  tbu  oxidiz«Hl  couittitih-ni  of  gurliu  oil  : 

2(C,Hj)N'CS  4-  Na./)  =  2.\a(:NH  4-  (f^lfj),!). 

Aqueous  potash,  soda,  Imryta,  and  tht*  oxides  <if  lead,  nilver,  nnd  nienniry, 
in  presence  of  water,  ironvert  oil  of  nitiHtard  into  ninapolinu,  (*7lIu^V^ 
with  formation  of  metfillic  sulphide  and  earl>onaio  ;  thus  : 

2(C,H.0NCS  +  3P1K)  4-  H,0  =  2IM)S  4-  PM'O,  4-  r,ir„N,o. 

Sinapoline  is  a  baHic  RulMtaniM*,  which  cryHtalllzert  in  oolorltmH  plateri, 
folable  in  water  and  alcohol,  and  having  a  diHtinct  alkaline  reniTtion. 
Oil  of  mustard  rt;adily  unitim  with  ammonia,  forniinf;  thiosinami  ne, 

C^H.NS.NII,,   or    allyl-thiocarbamide,    N,'<' IK,    whirh  is  alno  a 

(      "» 

basic  oomponnd,  forming  eolorless  pri«matir  crystalH,  harinf?  a  bitter  tnsle, 
and  solnble  in  water.  The  solution  diM-H  not  nflTeet  ti>Ht-pa|K>r.  Thifwina- 
mine  melts  when  heated,  hut  ninnot  Ih*  Hublimed.  AcUIh  oomiMne  with  it, 
bat  do  not  fomicryHtallizable  saitn  ;  the  double  HaltHof  the  hydrochloride 
with  platinic  and  nierciiric  ehbirideH  are  the  most  definite. 

ThioHinamine  in  decomitoMeil  liy  metallic  oxides,  as  lead  oxid^'or  merrnrio 
oxide,  with  production  of  a  metallic  Hulphide  and  slnaminoj  CilldNj,  a 
basic  compound  which  rrvrttalllzeM  very  slowly  from  a  conrentratfid  aqueons 
solution,  in  l>rilliant,  cfili>rle^s  crystaU  containinfc  water.  It  has  a  power- 
fully bitter  tast**.  is  Htrongly  a1kalin(>  to  tef)t-pft]>er,  and  deromposes  ammo- 
nium salts  at  th(*  boiling  heat.  Its  oxalate  is  c ryK tall !za hie.  Thaiormatinn 
ofsinamiiiefroni  thioxmamineby  tlie  action  of  niereuric  oxide  is  represented 
by  the  equation,  (■J1«N^4-  HgO  —  HgS  +  H,0  +  C.II.N,. 

Seleniooyanates.— A  neries  of  salts  containing  selenium,  and  corre- 
sponding in  compoBition  and  properties  with  the  thiocyanates,  have  been 
d[isooTered  and  examined  by  Mr.  Crookea.* 

»  JouroKl  of  the  rhemleal  Soelety,  It.  It. 
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addition  of  corroatre  sublimate,  wliich  bleaches  the  thioc/anate,  but 
lutle  ell'ect  u^wiu   the  uitK^oiiut**.     TliLs  \»  a  imiiit  of  ctinsid^rnblc  practi 
iiu]»orLaiiiw,  OS  in  nietlico-lt>gal  inquirji's,  in  wliich  evitit-uw  or  thi<  pn 
of  opium  is  sought  for  iu  cimiplfx  organic  mixtiirv«.  the  dutection  of 
ooiiiu  acid  is  usujilly  thi*  objr^t  of  tUv  chemist  ;  nml  itinc^  tr;u'vt)  nf  alki 
thiocyannto  are  to  bo  fuund  in  tlu?  snliva,  it  bocomca  very  df:»irable  to 
move  that  source  of  errtir  and  amldguity. 

The  great  f(ii;ilit/  with  whirli  hydri>cyaniu  acid  maybe  oonrprted 
ammnniuin  tliluoyunate  euablHs  ua  to  ascertain  iXv  pn«t«nce  by  th«  h 
teit  juiit  descrilMxi.     The  cyanide  to  be  exaniineil  is  mixed  in  a  watoh-gll 
with  flonie  liydrnchlorio  acid  and  covered  with  anothiT  wuteh-glasu,  towhl 
a  few  drtfpH  (if  vtrlluw  iiiiimoiiiuiu  Htilphide  udluTe.     On  hi'atiiig  tlte  mixii 
hydrocyanic  acid  is  disengaged,  wliich  combiner  with  the  ammtmiuni  i 
pbjde,  and  pnuiuueb  unuiionium  thincynnnte :   thit<.  after  expulsion  of 
excess  of  aulpiiide,  yields  the  red  ootor  with  solution  of  ferric  chloride 

Thiooyanic    Ethers. — Th**He  ethers    exhibit    isomeric   mtMlitlcatU 

aitulogMus  to  thiist^  ut'  th)«  altv)hoUe  i:yanates  and  isocynnat(>«  (p.  r>42). 
iiormal  thiocyanates  of  methyl  and  its  hunMilo^uei*  were  dinoovered 
Cahours  ;  and  H^tfuiann  hafl  obtained  the  cnrreK|HUulinf;  itK^ithiocyanal 
The  same  chemist  sumc  years  ago  ohlaint'd  jdn-nyl  itvothinoyanate.  At 
thioeyauatv  has  long  been  kuuwn  as  a  natural  product. 

Normal  Eth^  Tlduc^iale,  C  <  ^  »..  ,  ta  obtained   by  saturating  A 

centrated  solution  of  potasiiium  thiocyanate  with  ethyl  chloride  : 

Also  by  distilling  n  mixture  of  ralclnm  ethylsulphate  and  potassium  tM 
Ni^annti'.  It  ia  a  mobile,  colorlfss,  strongly  refracting  liquid,  having 
S'omi'uhaL  pungent  odor  like  that  of  mercaptan.  It  boila  at  Hli^ 
(204. HO  K.).  With  ammonia  it  does  not  combine  dirwtly,  but  yields 
ducti  of  doooniiMwition. 

The  nif Ihyt  and  amyl  thineyanio  others  resemble  the  ethyl  oompoui 
and  are  abtAined  by  similar  processes.     Tliu  methyl  ether  l>oil8  at  al 
1320  C.  (:^U».l^i  K.)  ;  the  amyl  elhiT  at  1970  C.  (38tf.(P  F.). 


Eihjfl  htHhitK.yanntf,  or  Ethylic  T hutairhimiJi;  N  <  ^.  jj''     ,  is  proda 

diatilliiig  dietliyl-thiocaxbamide  with  phosphoric  oxide 
ethylamine : 


which 


N.](rA),  -  ^{iC 
..   \\h      .         ._. 


Dlcthyl-thfocarba- 
mlde 


Ethylamine. 


Et  by  )-i«o  thio- 
cyanate. 


This  ether  differs  eswentiaUy  in  all  its  properties  f^om  ethyl  thiooruiil 
It  iMiils  at  1340  c.  (273.20  F.).  ntirt  has  a  jM.werfnlly  irritating  odor,  like 
that  of  raoHtard-oil,  and  quiu-  different  fmm  that  of  normal  ethyl  aulpho- 
ovanate.  It  unit.'s  dir.-etlv  with  ammonia  in  aKt»helic  solution,  forming 
elhvlthior.irbamide.  Ny(rS)"(r,n5)Hj,  and  forms  similar  comiMionds  with 
methylnmine  ami  ethylamine.  The  pungent  odor,  and  the  direct  onnhi- 
Dalion  with  anmionia  and  aminos,  are  characteristic  of  all  the  ethers  <rf^ 
this  gronp. 

Phmyt  Inathioeyanate,  N(CS)"(0,Hs).  ^  obtained  hy  distiUing  phenjTM 
piioawbamide,  iV,(GS)"(C,H|)Hj,  with  phosphoric  oxide  ;  naphiMgl 
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AMIDO-DBniVATIVBS   OP  OTASIO   ASn   CTAIIIIIIIC   ACIDS. 

Cyanamide,  CN.NU^,  is  formed  by  the  action  of  chloride  or  broi 
c>'au(>t^''n  oij  iiumionia  dlstiolv'tMl  in  ether  : 

CNCl  -I-  MIj  -=  UCl  H-  CN.NH,. 

mUo  bjr  thfl  actioa  of  CArbou  diuxidu  on  Hodainidc,  NH^a : 

CO,  +  2NH,Nft  <-  2NaOII  ^-  CN.NH,, 

and  b/  dcsulphurUiiig  thhicarbauiidu  with  oxJdu  of  lead  or  mvrcarj : 
CS(NHa),  4-  0  =  CN,H,  +  H,0  -f  S. 

Cyanamide  fonnn  eulorlcus  cryHtAls,  easily  solublu  in  wat^r,  alcohol,  a] 
otlior,  lucUiiig  at  4iN  C.  {104-  V,).  Thu  aolutioua  give  with  auuuouii 
aiUcr  nitrate  a  yellow  precipitate  of  argeutocyauamtde,  CN^\g„  and  wil 
oupric  sulphate  a  black  precipitate  of  ouprocyanaotidc,  CN,Cu.  By  nitri 
suiphurics  ur  phosphoric  acid  cyuuamicle  it!  oouverttnl  into  carbani  idi 
CO(NU^i.     In  thid  and  muiit  of  itii  reaelioua  it  behaves  as  if  it  Uad 


siruottire  of  uarbodiiiuide,    C 


"^ 


NU 


thus 


+  H,0  —  COr^^.^ 


co<«5:- 


ny<lrogen  snlpltide  conrerta  it,  in  like  manner,  into  thiooarbamidi 

CS(NIl,).. 

j\lcohu)ic  derivatives  of  cyanamide  aro  forin«l  by  the  action  ofcyi 
chloride  on  primary  tuniucii  di^solred  in  cthcT : 

CjHs-NH,  +  CNCl  —  HCI  -f-  CN.NH(C,HJ  ; 


RlhyisiDlne. 


Ethylcyftaamlde. 


pa. 

1 


also  by  heating  tbo  oorroaponding  thioc&rbamideswitli  mercarlo  oxide  and 
water:  _ 

^®<NH^^'"*^  4-    HgO  =  HgS  -\-  HP  4-  CN-MKCHJ.        % 

MHkyl<\fanamide  and  Etftf/l-rifmittmifiti  are  tbick  uncryatBlUzable  syrape, 
having  a  neutral  reaction,  and  easily  converted  into  ]>olynMiric  modifli 
tiona. 

Aiijfl'ft/anamitf*'^  CN,NH(r',nj),  prepared  from  allyl-thinearhamide,  coai 
changi*fl    into    the    polymeric  compound,    triall  vmvl  am  t  ue,    C^N, ' 

Dicynaimitti!,  NHCCN),,  fa  formed  by  the  action  of  potash  on  normal 
potaaalaniAranato : 

**    3(CN.0K)  4-  KOH  =  Nn(CN)    +  COjK,  +  K,0. 

nUyamotiiamnie,  C^N^Ht^CiN/NH.),  (Fhram),  is  fnrmrtl.  by  poly- 

merizati^u  of  cyanamide,  when  the  atiucons  snliilinn  nf  th«  lall^r  in  Ifft  to 

if,  or  evaporatAd  ;  also  when  thioonrbamldo  is  Iwiiled  with  m*»rcur 

'  silver  oxide.     It  \»  easily  soluble  in  water  and  in  nUxdml, 

inix«(  in  rhombic  plati-s,  melVinR  at  20.10  r.  (44)lo  p.).     On  add!) 

^*w  nitrate  to  its  aqnt'ons  solution,  the  compound  C,N^H,Ag-|-NO,H  crj 

Witatt  oot  in  silky  needles. 


a'^i  ■       *% 


witii  lMC««Ur. 


with 


isto 


'  pmlonped  bi>nin|;  with  moilrr«Uan  ^Irontf  iNiinUtf  iwImIi    II  Itt  t^ 
into  meUmiue  uid  uiimeliD« : *  "^ 


I 


CTAN00EN-C0MP0UND8. 


Mellone  And  Mellonidet.— Tim  nAino  nitilloiio  was  given  hy  hlr>\ 

to  a  yrlliiw  iiitiolublo  hiiltelaiii.'o  obtained  on  a  residuo  in  the  tit«coin[Km 
of  p«Tthiocyanngi>n,  or  of  nifliun,  at  &  low  red  hoat.     The  tM)inpot«ition  nf 
thu  prtiduot  tlitu  ubtainvd  varies  witb  tUo  duratiifii  of  the  huatiDj^.     if  th' 
dtfoomposition  bo  vtopped  at  a  uurtaiii  jKiiut,  thu  product  has  tht*  com 


lion  of  dioyanuramida 


i 


but  tbia,  whpu  further  hvai 


N 


fltill,  frivtta  off  ammonia,  and  bt^comes  continually  richer  in  carbon^ 
proaohing,  iu  fact,  owiilinually  nearyr  to  tli»»  L4tiu|)*isitiuii  of  trioy  an 
ramido,  C,N„  ^  KaCa-'^a)!!  wbiili  is  iimbably  thi*  nltJniati'  prfhliLct  nl 
the  dtMxjuipoHttion,  though  it  lias  ni'ver  liccn  ai;tual1>*  aituini*d,  thi*  pro- 
duct alwayii  contaiuiu);  &  bmall  quaolity  of  hydrugeiii  howvver  long  th« 
h*^ating  mar  lie  oontin^od. 

Mttllune  ia  aUo  pro<luced  by  ignition  of  amiuoniumthiocyanato  And  n 
oury  thiooyauate.  When  boiled  with  uitrio  acid,  it  ia  rosotred  into  amnio: 
and  cyniiurio  acid. 

Mull  oil  ill  en  ,  Cj^NjgM,  (M  dcnotinR  a  monatomic  poaitiTO  radiric). 
TripnUiiitie  tn/il!<tu\df^  ^'»-^'i3^3t  '^  pruiluci'il  by  igniticm  of  putaasiinu  thi 
anatv,  the  preparation  bt'iug  greatly  fa^'ititated  by  the  presoutx^of  a  metal 
oompnund,  ttm^h  an  trii-hlohd<*  of  antuimity  or  bixmiitb,  capablt*  of  takj 
up  a  portion  of  the  ttulpbur  which  Ib  st^t  free  as  carlh^a  sulphide.  It  may  a 
bo   prepared  by  fusiiij^   iiota»»ium  tUiocyanatv  witli  crudo  mcllonii,  or  the 
ferrooyaniilH  with    half  itK  weigbt  of  snlphur.     T)ii>   fu-;rd  uva^a  obtaitit^ 
by  either  procesH  is  dinsolred  in  boiling  water,  froui  which  tliu  trlpotand 
niifUoiiidt'  erystallizi>H  ou  uooling  iu  Kilky  iiei<ill<<!t,  conlaiiiiut;  ^'*^'i|K, 
5H,0,  JUrioluble  in   altydiol   and  in  ether.     Ai'etii>  arid   converts  this  nai 
into  Jip'ttaimic  mriiomilf^  t'.H,jK,H,   which  is   alho  tfidiible.      Ily<lroi'blo 
aeid    proiluuett    the   montiftiUistiir  aalt,  ^\}i^;^KU.,^  wbich  is  insoluble.      Tlit 
thrne  salts  stand  to  each  other  in  the  tiame  r<'latinii  na  tho  several  salts 
pboHphoriu    and    nyauiiric    Bci<ld.     TrijM)tafi»ic    uielloniilu    pnKlueiw,  wi 
Holable    silver    nalts,    a   white   preeipitalA,    C'yN,}Ag^;     with    lead     Hal 
and  raeroury  Baits,  precipitates  containing   rofipeotively  (<.VN,3),PI'5  a 
(f'ii'*'.s)»'^Ki-     The  latter,  dissolved  in  hydroeyniiip  acid  nn-1  tn-utwl  wit 
BUlphuretti^l  hydrogen,  yields  htfilmtar/lonir  a*'id,  C,N,,Hj,  uhieh  in  known 
only  in  solution,  ha^  an  acid  taalo,  and  is  decom}>oseii  by  evaporation  in 
amnumia  and  m»llono. 

Cyamelnrio  Acid,  C^N^O,!!,. — The  jiotaftsinm  fialt  of  this  acid 
formed  by  Unliiig  tripotassic  mellonide  vith  strong  pota^nli-lyc,  and  tl 
a(*id  itt^elf  may  bo  aeparatod  from  tho  Bolution  of  the  salt  by  a  minori 
acid  iu  the  form  of  a  crystalline  precipitate.  It  is  a  .strong  tribasic  acic 
oonrcrted  by  heating  with  mineral  acids  into  cyanuric  a^'id. 


i 


•Uter  «sMe,  wkaik  acta  Uk«  «  lijHn«M«,  A«OH.     *  -  -^ 

MMAte  of  tflTer  or  potawum,  md  boil  the  r^uUU^  •»v«^  v**»»i  wy»»H 
csiutie  paiafth  or  Md» ;  thus  : — 
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CjH.Cl     + 


KC\H,0,     = 
Potaeslum 
MCUtO. 


KCl 


£tbyl  MCtnte. 


C*H>>CgH|0| 
Ettayl  aeeute. 


+       KOH 


Ethyl  alcutiol. 


I'otHHvlum 
acclBtc 


The  rcjiliUM'mtfnt  of  tli«  hjdrozyl  In  on  alcohol  by  the  eorrmpondii 
riulinU'H,  iHiio^Hox.vl,  OK.  iiiethoxyl,  OCH,,  etliox.vl,  OCjllj,  »'lc.  (p.  23h),- 
nr  of  thi'  hydmjrcn  in  tlio  hydroxyl  by  potaasiura,  uiothyl«  olbyl,  etc., 
gfvuB  rtnr  to  oxy  g<*n-etheris;  thus: — 


CJI.<()H)    yields      C,Ua(OK) 
Ethyl  PotKimiuiu 

alcohol. 


ethylKlc. 


C,iIj(OCH,> 
Mrthyi 


ethyiAt«. 


c,u,(o<:-H,> 

tihyf 
ethylAie. 


C-1I,(0H), 
Kthenc 
Alculiul. 


C,H/0H)(0C,H5) 

Monet  tiylia 
elhcuute. 


C,H,(Or,H,), 

Diethylto 
elhenate. 


Thi.'s*'  itul»stiliitioti8  may  Ihj  i?ffeute*l  in  varioofi  wavB.     Thp  Biiupleat 
to  rvplnoe  nn  atom  of  hyrlrc>f;ei)  in  tbn  atcnho)  by  potaAnium  or  iiodium, 
aot  ou  thtt  r(«ulting  oom]>ouiid  with  a  liaUiM  ether  ;  thus  : — 

2CJI/0U>,     4-       Na,       =     2C,H  (OH)(0Na)     +     H,, 
Elhenc  >u(llum 


alcohol. 

C^n/OiI)(ONa) 

Sodluta 

elhennte. 


ethenate 

+      CjH^I    =     Nal     + 

Btbyl  Sodium. 

Uidia«.  Iodide. 


c,iL(on)(oc,ii5) 

Montfthyllo 
rlheojite. 


In  tho  polyatomic  alcohols,  two  hydroxyl  gronps  may  alfco  be  replaced 
by  one  Atom  of  oxygen,  giving  rise  to  another  ciass  of  oxygen  t'tfacrs  ;  thas» 
from  «th4>n»  alc4>liul,  C',H,(OH),,  is  deriveii  ethenu  oxid*.  C,HjO. 

The  replacement  of  the  hydrogen  of  lUe  hydroxyl  iu  an  alcohol  by 
radiules  (p.  481),  produces   I'tiierral    salts  or  compound  etheri 
thns,  fmm  methyl  alcohol,  011^(011),  are  derived  : — 


Methyl  nitrate,  CUjCONO,),  or 


H 

l 

II 

I 


0    H 

"     i 
Malhyl  areUtp,  CHj(OC,HjO),  or  H— C— O— C— C— H 

H  H 


H  O 

H 


Acid  methyl  salphat*,  CH,(080,H),  or  H— C 

11  O 


Nentral 


methyl  »ulphat«,  CHj(080,CH,),  or  H— C— O— S— O— C— H' 

Q  O  H 


m 


mptm  alcAoli.  pmAiftO*  Ibr  U»*  «m*I  |Mtf4  iic>M 


Saipinilo 


4-    2(C,Hj.0H)    »  IHH   4-   !^\(n,r,n,), 


Etbfl 


KiKjrt  tHlphM*. 


3.  Bx  thp  Action  of  KalcAd  «thi«n  nn  tlio  polAMlinn  or  atlvnr  mIU  iif  III* 
oorrespondtng  acids  : 

Neutrs!  nomponni)  elht-rs  nrr  imwtl^r  volMlli' ;    (lin  nrlil  rtlinn  nni  muh 
▼oUtile,  and  ajs  tbejr  still  oontAln  uiiro|»UtMM|   ltyiU(tytt>i\  WAu\\)^\v%  Vv^  wva 


J 

At0OH0L8    AND    ETUEBB.  tfA 

Tbii  mode  of  fnnnatlon  shows  tb»t  Ui^  sulphur-atom  of  asalphonlc  ao<< 
iiiliructly  aniUil  to  the  alnilKil-ribliole  (and  thrrcfurt*  to  an  atom  nf  caf 
bou).  and  luucu  it  may  ha  iiiforrtMl,  from  ihe  fintt  rL-aclion,  that  in  thi 
Bwiallic  sulphites  an  atom  uf  lui-tal  is  aUo  directly  unittM  to  the  Riilphur 
The  Mulplirttiic  Hcids  ar**  vvry  tttalil**  couiiHJuniis,  not  dorompo'icil  hy  buil 
InpwitUcauiitioalkalinesolutiuuti.  When  fuxed  with  potassium  hydruxtdd 
Kaw«T«r,  they  ar»  rvaolvml  into  an  aluohol  and  sulphurous  acid : 

C,H4.80,.OK     +     KOU     -•     C,U4.0U     +     K.80,.0K. 

Rx  thti  action  of  pboephorus  ptMitachluridea  ih^y  art*  vonverted  into  aci4 
chloridvA  or  rhloranliydridt-^,  which,  bjr  tha  action  of  nasovtit  bydrogvn 
ma/  bv  coDverttwi  into  utercaplaus  ; 

and  C,Hj.bO,.a      4-     ^H,      »>     Utl        4-     2>l,0  -f     C^ll^.tiH. 

The  etbern  of  tho  sulphonio  acids  are  CbrauHl  hy  th«  aotlon  of  acU 
chlorides  on  the  sodium-alcohol  a  :  ^h 

C,Hi.SO,.Cl     +     Na.OC,n,     »     KaCl   +    C.Hj.SOj.OC^H^.    ^ 

Thoj  are  identical  with  the  neutral  ethers  of  unsrmraelrical  sulphurou 
ai^id,  and  may  aooordiugly  be  nUo  produced  by  tbv  action  of  silvor  aulphit 
on  iloobolio  iodldea : 

Ag.SOj.OAg    +     2r,HjI     =»     2AgI    +     Cjn^.SOj.O.C^H,. 

AnalogouD  to  th«  sulphonio  acids  aro  tbo  solphinlo  acids,  or  acii 

e(h«r»  of  byposulpburoua  acid,  80<[^jjj  ,  the  ilno  sal U  of    which    ar 

formed  by  the  action  of  sulpbur  dioxide  ou  tho  tine  compounds  of  tb 

alcubul-radicliii  ;  e.  y.* 

Zn<^J{|    +    280.    -    BO<SIH;„!!:[>80. 

By  ennverting  tlt^  zinc.  aaUh  into  Imriiim  i^alt.^,  And  dt*(>ompOHing  tb 
latter  with  lulphurio  add,  thL^fruesulphiuiu  aoida  aroobt&iaed  aaatrougl, 
acid  liquids  wbicb  decompose  when  heated,  e.  g : 

Tlie  pbosphorous  ethers  UlcewiRo  exhibit  isomeric  modiflcatloni 
derivable  from  symmetrical  and  u nay m metrical  phiwphoroua  acid  P(011J 
and  HPl-HOll),.  Tlie  neutral  eltierH  uf  Mynimi>irieal  phiupborous  acid  ar 
formed  hy  the  action  of  phosphuroii.t  tricblnridc  ou  th**  ah-fdiuls.  Th 
othylio  ethnr  PCO.C,!!^)^,  i«  a  linuid  iHiiliriB  at  l!*10  C.  (27ri,hO  P.). 

Unsymmetrical  phoaptioroua  acidyieliU  a<MiL  «*ther»  oalle^l  phospbonl 

acids,  e.g.,  (''|Hs)PO<^[}  ,  which  are  formed  by  the  action  of  nilrl 
acid  on  tbe  primary  phospbines  : 

rn,.vn.   4-   o,  «   rUvPo(<in), 

Prlmnrj  methyl  Methylph«»phonlo 

photpliloe.  acid. 

They  are  crystalline  bodies  resembllnff  spermaceti,  dissolve  in  watoi 
have  a  strong  add  reaction,  and  act  as  bibaaio  acids,  forming  acid  an 
neutral  aalta* 


J 


AA(i 
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Uypopkofphonmt  acid,  H,.P0.OH,  ji«ldi  analogouti  acid  ethers^  called 
phoapbinio  acids,  which  are  formed  hy  the  action  of  ujtrio  acid 
lh«  aeuondor^  pUoephiues ;  e.  yt 


(CII,),PU    +     O,    =    (CH^jPO.OH 

ArseniouD  acid,  AsU jO„  foniu  : 

(•)  Sjfmmetriral  etheru^  Itkf*  Aii(0.CU2),,  whluh  aru  produced  by  the  action 
of  araonioiis  bromidf%  A^Ilr,,  on  the  ao<litiiQ  alixjliuli* ;  thojr  are  volatile 
without  deeouipositioUf  aud  are  rt»olrvd  by  wat«r  into  araeoioua  avid  and 
aloohoU. 

(0)  t'HsytHtnfitrical rthtra,  ciiih'd  arsonio  aoidB,  analogoua  to  the  photi- 
phonio  acids,  e.  g.,  lUflliytarBOuic  acid,  (*U3.Aft'>((:Ui), ;  and  hisily, 
thoro   la   a   diiuvthy  I  arsi  iii  u   aoid    (CH|)fAttU.Ult   (caoud/lio  ncid 
analogouji  to  thu  phoHphinio  acidd  (tti'^  AiwRxic  Bahbh.) 

Th«   nitrous   i-thors,  aa    alrt^adjr   olwi>rvnd,  are   iiM>uerio  with    th 
nitrnparafling  (p.  ^t'ZA). 

TIk'  action  of  hnlmd  others,  or  of  certain  ethereal  &alU*,  on  th«  hydro- 
salphidefl  mid  Hulpliiditi  uf  the  alkali-uiutali),  givvs  rittu  to  alcoholic 
hy  d  rofl  ulph  idi<»  and  Hulphides,  that  is  to  «ay,  aleohoU  and  elhora 
ooutaiuiug  sulplmr  iu  place  of  oxy^eu  ;  thus  : — 

C"  l^(:l     +     KSU     = 

EtJiyI 
cfcloridr. 

+       KSK      = 
PotfiMfltuia 
•ulphnte.  lulpltide. 

Tlitf  aloaholio   h/drosulphidcs,  or  Ihto-alcoholti,  are  also  oatlod    me 
oaptan!!,  from  ihnir  property  of  readily  wmbiiiiuj;  with  nirrcury  ( 
pora  mereiirt'o  tifAa).     Their  roactiona  are  cioaely  analogous  to  those  of 
oxygen-tUooUols . 


1 
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KCl    4- 


Ethyl 

hydroaulpblde. 


PotAnilum  ethyl 


Fnt  ituMluin 
■ulplinle. 


£tbyl  vulpblQe. 


MONATOMIC  ALCOHOLS  AND  BTHKU3. 
Containing  the  Radicles,  i'^H^^,,  homologous  with  Metayi 

Tht*  alcohols  of  this  nerifs  are  the  lM»ftt  kiinwn  nnd  most  iinfiortaiit  of  all 
this  olarfs  of  bo<iie3.  Tlify  may  bo  formnl  from  the  (x>rr««pouditiK  haloid 
ethers  by  the  netioit  of  alkalii-M,  and  Heynral  of  Ihcin  arc*  prottiirod  liy  the 
feruicnlalion  of  sugar.  Tlu-re  are  also  Myntiieticnl  processfs  by  whiib 
thea©  aUiohoU  may  be  built  up  in  rejjular  onti^r,  from  th©  lowest  upw&rdit ; 
but  thi<»u  will  bo  better  undenitood  fiirthi<r  on. 

Thn   nanu-R   and   formuin  of  the  known   alooboU  of  this  aeHea  ar« 
foUuwa  : — 

Methyl  alcohol CH.O 

Kthyl  alcohol C\H,0 

Pnipyl  alcohol C.H.O 

Butyl  alcohol C^Hi^O 

Pentyl  or  Amyl  alcohol C|II„0 

llexyl  alcohol C.ll,/) 

Hcplyl  aUydud ^tH^O 

Ootyl  alcohol t\M,«*^ 

Nonyl  alcohol *'«*'»o<^ 

Hekdecyl  or  C«tyl  alcohol C„H^O 

Cery\  alcohol Cn^aiO 

Mtfiiaayl  ulcuhol ^nU«|0 


^  ^  on. 


tabMi  la  a  Mikaa*  pvap  CH^  aai  a  »rtWM^T)^Tv«r  ■■  ^ 

prspeatd  br  K«lbe.  ll«Uijl  »l«h<a.  CH.om),  li  ••!>•*  (.^«r»»mttK  ft*^ 
ihm  riaakali  fcrnca  frm  ft  hr  »Q<xwAiTt»  •n>«fMnlton  ty^  nv^lhvt,  v«KvJ, 
fll«b,  fcraa  alonoT  hrdrogvn/»i«  umiuhI  *rt^^^Un|:  to  ih*  r««lM««  wW*** 
thcf  coaUto  ;*  thi 

t^rtUry   ntflnholi 

or  p  •  e  a  4  o  r 


snholf,  4P«trn*tlnff  the  »*pnm\«rj   nlcoNoU   m*  p^cHrto    *|i 


FATTY  OaOUP:  ALGOHOLB  AND  ETUKKS. 


Carbinol,  or  Methyl  alcohol C(OB)H, 

Mothyl  uarbinol,  or  Ethyl  ak-ohol  .         .         .         •  CCOIOHjCH, 

Kthyi  carbinol,  or  Propyl  *Irohol    ....  C(Oli)H/  .jH, 

DiiDethyl  carbiuol,  or  r»cur.lopropyl  aUoohol    .         ,  C(011;H((.  Hj), 

Propyl  carbinol.  or  Butyl  alcoltul    ....  C(OH)H,(CsUi) 

Isnpropyl  carbinol,  »r  Iflolnilyl  alwhol   .  .  .  C(On)H,rri(r»,] 

Mflhyl-etliyl  ciarbinul,  or  tfocondary  Butyl  alcohol  C<OH)Ilt'II,C,H, 

Triiiielhyl  carbiuol,  or  TLTtiary  Butyl  alwhol  ,  i.'(OU)(CH,),. 

Primary,  8»K«)ndary,  and  tertiary  alcohnls  aro  diHtiiigiiishtfl  from  oi 
another  l>y  thu  pru<iu4.^tti  which  thfy  yi>>ld  by  oxidation.     Primary  alcxtbt 
of  the  tMtried  C^Hj^^uO,  containing  the  group  (_:H,OH,  are  converted 
oxid&lion  with  chromio  acid,  fimt   into  Die  vurrcsponding  aldt'bydei 
C„U,„0  by  n-uioval  of  ll„  ur  cirnvvrstoii  nf  the  group  Cll,<*ll  inloCOH, 
thru   by  lurthor  oSkidaiiuu  into  the  corresponding  acids  C^U^Oj  (fat 
aciiia)  ;  thub  ; — 


NorruAl  prujtyl  «lcohal. 

CHj— t'll,— ^■lljOU 

rfurnml  prupyl  alcohol. 


O     ss 


o. 


H,0    + 
211,0  -f 


nr,— cii,— CdH 

Projiyl  Hlilrhydr. 


CH, 


n,— coon 


Propnoale  neld. 

A  Bpcondary  alcohol,  on  tht»  oLh«r  hand,  which  oonlains  two  alooht 
radicleii  united   by  the  gr<inj>  L'llOH,  in  couvertwl,  by  removal  of  11,  fmi 
this  group,  into  a  kolouc,  which  is  a  cnm]>ound  consiitUug  "of  two  Alool 
rodiclea  joined  by  the  group  t'O  ;  thus  : — 

CM-— Tiioii— <  IL   -f-    o   =   ii,o   +    cn^— CO— rn, 

Seooudary  jirojiyl  nlcoliol.  Dimethyl  ketone. 

Conversely,  the  aldchydoa  troatinl  with  nascent  hydrogen  (actifm  of 
diuiu  anialgnni)  are  converteil  into  ]iriiiiary  alcohols,  and  the  ketones 
similar  tn-atment  into  8<»Pondary  alooliols. 

TiTtiary  bIcoIioIh  do  not  yiehl  by  oxidation  either  aldehyde*,  ketone*, 
MidB  oontaining  tho  8.iine  ntini)>er  of  carl»on-atontH  as  the  alroholH  th< 
ftAM%  but  arc  split  up  into  eompoundH  containing  a  Hmnller  number 
earfooD-fttoma ;  tertiary  butyl  alcohol,  for  example,  into  formic  and,  pi 
prionic  acid : — 

(CH^j.COH     +     O4     =     CH,0,     +     C'lHjO,    +     U,0. 


MSTIITL   AUCOlWh  Aim   STHKKS. 

Methyl  Aloobol.  Hydro xy methane.  Cm blDOl,  M 
thol.  CUfO  or  CU|(Oh).— Thifi  is  thu  siuiplet>t  member  of  the  aeries. 
Is  produced  : — 

Nkoholi,  proper  or  primary  alcohols,  which   m^f   alio  be  enlleO  metholai 
thus— 

Propyl  Alcohol  laobutyl  Altohnl 

or  Etnrl-Methol.  or  laoprupyl-Metbol. 

(  OHjOU  1  *.li,OU 

primary H^^  HLV  CU, 

Ethyl-Mrthyl 

Dtmelhrl  P«POdoL  Pneudoi. 

Seeondary "OCHJJigj  HOHcJ^ijJJ* 

EthylDlmeihyl 
Trimethyl  Cirblaol.  OiLrtonul. 

T^riUrr HO.cJCH*  HO.C-^CH« 


£-:?T:iri^:^t^^^'^^ 


=V  +  <^  -  B^  +  ovv 


fa 

"«.U«1.     Bj-  ih,  .cli?r»f  rtlori^^  .7"''*"?  "'"'►'  ''"  I- 
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FATTT    QBOVP:   ALCOHOLS   AND    EXnEBfi. 

30.fiO  C.  (86.90  F.) ;  metheni/l  chloride,  triddanmethane,  or  chioroforoiy  CHI 
and  carbon  tetrachtoridtj  CCl|. 

Methyl  Iodide,  or  lodomethane.  CU.I,  is  a  colorless  and  feebW  oof 
busliblu  IkjhiiI,  iibtdiiusi  \>y  -iiritilling  tngcthcr  1  pari  of  itliosiihoriia,  8 
[q'Udm,  and   12  or   15  of  lumhyl-alcohol.     It  in  insoluble  iu  water,  hu 
density  of  2.237,  and  boiU  at  44^'  C.   (111.2^  F-).      The  density  of  i| 
vapor,  ruferrod  lo  hydrogun  aa  unity,  ia  71.    When  digested  in  3vali>d  tul 
with  zinr,  it  yitdds  a  colurlotiH  gaatwua  niixturu  containing  othane,  or  dii 
thyl,  C,ll«,  and  the  rcalduo  oontaiiia  zinc  iodide,  together  with  kiuo  mtithii 

2ClIjI     -f     Zn     =-     Znl,      +     G,!!, 
2CH,I     +     Zn,     »     Znl,     +     Zn(CH,),. 

Methyl  Ether.   Methyl  Oxide.  01   Methoxyl-methanet  0,11,0) 

(Cllj)^*.)^^' ^  ..?,..  .— Tliia   compound,  which  boura   the  aauie  rflatiou 

methyl  alcohol  that  anhydrous  potassium  oxido  bears  to  potassium  hjr^ 
druxide,  iti  priHluci^l  hy  abstraction  uf  thti  tduuent!}  uf  water  from  luuthj 
alci»hiil :  2(:iI/>  —  11,0  =  C,II,0. 

It  may  1m  ]ir<'pnrod  by  ncating  1  part  of  methyl -alcohol  and  4  parts 
oouocnlrnted  sulphuria  at-ld,  and  paasea  owr  ajt  a  culorb>titf  ga»,  whiidi  maj 
b«  oolleotcd  over  iiiHrciiry.  It  do*«  not  liiiucfy  iit  — \iiO  0.  {'.i.'2Q  F.). 
has  an  ethereal  odour,  and  burns  with  a  pale  and  foebly-lummous  dami 
Ita  speciHo  gravity  is  1.017  rufvrrod  to  air,  or  23  rBferred  to  hydrogen 
unity.  Cold  watt>r  dissolvea  about  33  times  its  volume  of  thia  gas,  aoquj 
ing  thereby  ita  charactcrUtiu  tojste  and  oilor:  on  boiling  thv  sulutioii,  th| 
gas  is  again  lik'rnted.  Akxihot,  wriod-iipirit,  and  oonoeutratcd  aulpburl 
aciddiaaolvt)  it  in  still  larger  quantity. 

Methyl  mtrate,  CU,.NO„  or  C1I,.0.X0,.     Thia  ulher  is  obtained 
diatiiliiig  5U  gnim^  of  pouuded  nitre  witli  50  grams  of  muthyl  alcohol 
100  grams  of  sulphurio  acid,  iu  a  retort  without  external  heating.     It  is 
ooIorleHsliiiuidofBp.  gr.  1.183  at  20^ C.  {Ca^  F.)  ;  boils  at  GOOC.  (140OF.)  _ 
has  a  faint  ethereal  o<lor.     Its  vapor  detonates  violently  when  heated  to 
1600  C.  (302^  F.).     ilcated  with  u/coAfWtV  amumtnia^  it  yields  methylauiine 
nitrate,  Cii^X.NO^II.    Dibtilled  with  M^ueou.s  potash^  it  yields  methyl  ether. 


Methyl  Nitrite,  Cli^.O.NO,  isomorio  with  nitroroothane,  CHi-NO,  ( 
524).  i»  pri.hluet'd  by  the  action  of  uitruus  acid  on  methyl  alcohol,  it  ia 
gas  having  a  pleartaot  oittir,  and  condensing  at  very  low  tempvraturea  to 
ytdlowiah  liquid  whioh  boila  at  — 12P  C.  {iO,4P  F.). 


1 


Methyl  Snlpbatea. — SulphnHo  acid,  being  a  bibaalo  acid,  jieldfl  tvro 
methyl  cibers — aua  acid,  ihn  other  neutral. 

Actii  Mtthyt  iuiyhute^  Mt-thi/l  and   Htfttrwjrn  nidphate,  Afethylsutphurie  atiJ, 

(it  S*UphometAyUrarid,Cil^M.iii\,OT  y*^<[J]5l"' *^^**   prepare   thia  acid 
ether,  1  part  of  nifihyl  alcohol   is  slowly  mixed    with  two  parts  of  con- 
centrated sulphuric    acid,   and    the   whobi  is  heate*!  to  Udling,   and  left 
to  cool,  after  which  it  ia  diluted  with  water,  and  nenlraliziHl  with  Imritnn 
carbonate.    The  solution  is  Altered  from  the  insoluble  nnlphati.*,  and  evapo- 
rated, firnt  in  a  water-hath,  and  afterwards   in  a  vacuum  to  tlie  prf^pi^^H 
degree  i>f  ooncentration.     The  salt  ervstallix«a  in  Iwaotifn!.  square,  coIoh^H 
Ja^s  tabits,  c^mtnlning  (CH,),Ba(.S<»j,.2HjO.  which  cfflor^ee  in  dry  alr?^ 
«i3</  Mv  vorx  soluble  in  water.     }iy  exactly  precipitating  the  base  from 


i 
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MKTHrL    STHCaS.  ( 

With  diliili*  dulphnno  avid,  «nd  loaring  tho  flltrrwl  liquid 
Itt  Uio  air,  mrtli^Uul|i|iurii!  luhl  inn/  >m>  iirnrurml  tD  tlt*<  luim 
X  Auur»  AyTU\iy  lu^uid,  or  in  lutniito  aciuuUr  t-r>H(nlM.  vir.v  »uliili|i'  In 
*Alvt  «iid  alcvdiul.  U  U  very  iii(tt«l)k%  btMiij(  vaaily  d«*(-*iiuiKMtNl  by  li<>4it, 
ihluMtum  mfthyUiJf finite ^  r|||KhO^.  i>r^»itatlu<*H  in  Nnmll,  uaoreoUM,  dwU- 
{Ur»o»nl  rbuiubiu  tnl>l44.  Tliu  trtiJ  autt  \m  aUu  wry  RulubUi. 
Sfutnil  .Uetftyl  »a{ftA4ilr,  **r  litmtlhyltf  muI/.J,uIm  (<  I1,),S0^,  or  H(  t,(Ori|,),,.M 
itji  elliiT  i»  prt-jmrnd  by  tli^lillni^  1  |mrt  of  iiM<tli,vl  iiUtdml  wittt  H  ur  \0 
of  blruii};  Hiil|jliur)o  acid:  tlii*  dtstillutiuu  luuy  bt*  i-iirrU*d  lu'arty  tu 
Ttio  uU'Agiiiuus  liquid  (uuiid  in  thfi  rLi;<'iv«<r  In  A|;itAt4nl  Mith 
%ikiul  jiuritiod  by  rtM.lillai.tiuu  froui  |M^wd*<roil  jihli^ilri'Utf  bitrylii.  TIk< 
luut  \»  a  (Mili*rlt*iw,  nily  liquid,  of  iiUiac«Mn)«  udur,  hnvtng  tt  dvitrtity  of 
4,  and  boding  at  ISb^  C.  (370.4O  K.)*  It  U  nuutral  U>  toiit-pH|M>r,  uid 
>Iubl«  in  wuler,  buL  <U.*t.'oui|MiK«Nl  by  that  Uquid,  dltmly  lu  th«<  i>>drl, 
ipjdiy  Hitd  will)  viitlt-iir*?  nt  u  Imiliiig  lt'tii|H'ruliir«',  inUi  nu'lbylmilpliurto 
?i4l  Kud  and  lui'ibyl  Jtkfdud.  AubydruuM  huu'  and  bAryia  b»vi*  iiu  avtlon 
this  «:lh«;r  :  tbrir  liydratett,  howcvrr,  and  tbinn'of  |HitiwMluui  and  MCNllum, 
HMt»e  it  iiintaiitly,  with  ]>i-tMtitc(i<>ii  of  »  iiM-lb^-lMiil|ilmt«  uf  tin'  biut**, 
Inetbyl  idcuhdl.  Wlu'u  neutral  nK'tbyUulpbatM  i*  bt<atcil  witb  (xminion 
It  yltflda  a'j'lium  »ulphato  aimI  nictbyl  i'Iiltirldi> ;  vritb  nKTotiriu  c^n- 
},  or  iMiu^ium  oyanid**.  it  ^ivi*s  a  iiul]iliatit  of  iti«i  liua|>  and  m**thyl 
iiilt>;  with  dry  AiKiiuui  furmal^i,  it  yicldn  avdiuiu  ■ulj/hutii  axtd  inotbyl 
luatr. 

Methyl  BnlpMte  (i»ynira«trloa1),  SO(O.CHy)„  foniw»d  \fj  the  action  of 
il^diur  dkhbtridr,  t7,C^,  on  methyl  atcobid,  om  a  fragrant  liquid  having 
s^M^-iQc  gravity  of  I.U45,  and  boiliutf  at  1;!!^  C.  (iMU.tfO  [f.). 

Methylatil phonic  Acid,  riI,.SOjII,   in  pr*!part'<l  by  lii«alInK  nifthyl 

io<lidc-  with  tt  (.'iiiKvntraiiol  mihiLion  of  [lOtaHHium  or  pcmIuiiu  Hul|dtlti>,  <-on- 

urting  tliu  rosuUing  niKliyNuIphonato  into  b  h'a<l-iiAlt,  ilHooui|itminf<  tbo 

ttt^r  with  hydrogtm  Hulphidr,  and  (•raitoraliiig  th«i  tlit#*n'd  »r>]iilion.    Tho 

id  th.'ti  r«'iiiainH  u»  a  viscid   uncryblaUiMble  liquid,  aoUibb-  in  wAt*'r. 

lis  saltt  are  rosily  anlublv  in  watvr,  a»d  cryiitaUii«  wuU  ;  thu  barium  »aU, 

(CH,.S<>2),.Ua,  iu  rhuuibic  pUtva. 

MrthyUniykmic  Chloride,  Cn,.SO,.CT.  boila  at  153°  C.  (307.40  p.),  and  la 
d«ooiupo6Uil  by  water  into  hydruchluj-io  ami  mt<lbyUutpltonic  acida. 

Tnrh/nrnmethyl$»lfft,omic  {liloritir,  CCl,.SO,.Cl,  la  formed  by  the  action  of 
xnoiat  chU.rnm  on  (virlion  hisiilphidt*.  To  pn-paru  it,  a  mixlnrn  of  MIO 
graiua  of  hvdro<  liloric  au-id.  3W  crams  of  ouarsely  poundwl  pntassiura  di- 
cbromaU",  2tKi  grams  »f  nitric  acid,  and  30  granw  of  rarUm  bisulpbidr  la 
Ifft  to  itself  in  an  opon  flaak  for  about  a  wwk,  watt^r  U  ai1d«4i,  and  thu 
cryitals  of  Ibo  oompouud,  CCI^W^,,  are  separated  from  the  saline  solution 
by  filtratii»n. 

The  chloridtf  or  chloranhvdrldfl  thns  formed  ia  a  colorlPM  cryHtRlline 
body,  whieh  melis  At  3:ir.o  I:.  (275<5  F.).  a"'»  '->>»«  «i  ^'^  ^-  C^^*"^  •'■>• 
It  has  a  lamphorous  tcar-excitiug  odor,  dissolves  in  ahobol  and  ether,  hut 
la  insoluble  in  water. 

Trirhhrnmrth,f!^f.fphomr  Aciti,  rn,.SO„H.  is  rtbtainwl  by  boiling  the  ohlo- 
ride  juHt  d.-Hf^rii^'d  with  borvla-water.  and  d.'.*injK.Hing  the  resnltuig 
bariniii  Hnlt  with  milphurio  oeid.  It  cryHtalliiPH  in  deliiiuescunt  priams  ; 
tbo  barium  ^;dt.  ((•(:Ij.SO„),Ba+H.j<>.  in  laminie.  ....  , 

Thia  IricblorinatiMl  acid  lienbHl  in  a<iu»*ou»  aolntlon  with  e«idmni.anial- 
KAin    is  wnvertod   sucoessiTely  into   the  acids,  CUC1,.SI),II,  CU,tl.S*)jH, 
and  finally  into  m.'th  v  Uu  Iphon  ic  aeid.  CU,.8<.f,H.     This  senea  of 
rrariii.nw,  diMMivored  by  koH«  in  ld45,  affonled  one  of  ttie  ourlirtt  instauoc^ 
of  lb.-  fonualiou  of  an  orgnuio  LOini>ound  from  imiiftank  \iA\teT'\a\*. 


I 


563 
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^^     Mboui 


Methyl  Bormte.  (CH,)jBO,s  B<OCH0i,  f«  formed  hy  tbv  aotioo  of 

gasfoiiii  iKiroii  L'liloridr  on  anhydrous  methyl  alcohol.    It  in  a  Itnipid  liqui 
of  Bp«*cific  irravity  11.9551  at  0^,  boiling  at  72^  C.  (ItJl.b'^'  F.)*     Water 
composes  it  iuto  tx>rlu  acid  and  methyl  alcohol. 

Mothyl  Pbotphates. — Two  methyl  phosphate*,  rU.,  niethylphoepl 
ric  auid,  PU(UjJ;,(UCa3),  and  diiuelhylphunphorlc  acid,  Fi»(*'H)(<X'H,] 
art)  formed  by  the  action  of  pliuuphoruti  uxycblorido  uzi  methyl  alcol 
under  different  cirouniatauotHi. 

Methyl-phoaphoolo  Aotcl.  (CH,>PO.(OH).  (p.  555),  hi  a  cryvUllinA' 

body  nirltiii^'  a!  Hi.»-  C.  (2-Wl'.^,  »nii  ctaivrrU'd  by  phos|phoruH  triohlnride 
into  in*^thylpb(Mphonio   chloridt;,    <(.'H„)l*O.Cl„    which    metta    at   32^^ 
(89.(]0  F.;'  boiU  at  103^  C.  (325.40  F.),  and  is  recuuverted  into  the 
by  the  action  of  watnr. 

Diinethy  Iphos  ph  jnio  acid,  (CH3),P0.0H,  is  a  masB  resemblli 
paraffin,  mulling  at  7(P  C.  (16ti.tt^  F.),  and  volatilizing  without  docomj 
altiou. 

On  Methyi-artonic  and  McthyLartmic  AcitU,  see  ABaaxic  Babbs. 

Methyl  SiUoate.  Si(OCII,).,  Is  oblatnud  by  acting  upon  perfi'ctty  pi 
and  dry  tuothyl  alcohol  with  siliciuin  tetrachloride,  and  dbtilling  the  pi 
duct,     [t  i<)  a  colorlnis  liquid,  of  pleaBiint,  ethereal  odor,  specific  graril 
1.0589  at  OO,  dititilting  between  1210  and  12tiO  C.  (249.60  and  25S.bO  F. 
It  diddolveM  with  moderate  Tacility  in  water,  and  the  solution  does  not 
come  turtiiil,   fmui  separation  of  silica,   fur   some  weekii.     Ita  obaervi 
vai>or-dHn4ity  is  5.38  reforrud  to  air,  or  77.6  referred  to  hydrogen,  the 
oulatod  number  being  76. 

Methyl  Hydro  sulphide,  CH,3H,  aUo  called  Methyl  Mercaptan.* 
Thiit  i;oiii[HiunJ,  which    him  the   composition  of  methyl   alcohol  »ilh   tlM 
oxygen  repl&ce*i  by  sulphur,  ia  formed  by  diHiilliu^'  in  a  water-hrvth,  with 
efficient  etiialeusaliou,  a  mixture  of  calcium  methylsuiphate  and  potasitiui^, 
k^droiiulphide : 

Ca(CH3)3C30,),  +  2K3H  «=  K^,  +  CaSO,  +  2CHjSH. 

It  ia  a  liquid  tiirbter  than  water,  and  having  an  extremely  olTensivA' 
It  forms  with  leml-acetate  a  yellow    precipitate,  anrl  with  mercuric  oxide 
white  uompoimd,  (CU|),S,Hg,  which  crystallises  from  alcohol  In  shinii 
lauiinai. 

Methyl  Snlpblda,  (CH,)^,  or  HjC— S— CH,.  In  obutned  by  paaai 
go^teous  methyl  chloride  into  a  acrfutton  of  potajtAlum  monoeutphlde 
methyl  alcohul.      It  u  a  colorless,  mobile,  fetid   liquid,  of  specific  gravit 
0.845  at  21 'C.  (09.8O  p.j^  lx)iling  al  410C.  (105.^*^  F.).     It  forma  aeveral 
■ulMtitulion-products  with  cliloride. 

M^thyi  Hisul^ide,  (*'**.i)i^s»  '**  prr-pared  bypassing  p  ah  eons  methyl  c 
ride  throu^;!!  un  aloohoUo  solution  of  potassium  bisulphide.    It  is  a  lim 
fttronj^ly  refravtiu>i;   liquid,  having  a  apeoiflc  gravity  of   1.046  at    ItP 
(b*4.4'^  F.),  and  an  intolerable  odor  of  onions  ;    boil«  between   UU'^ 
1180  C.  (244.4'^  F.).     It  forma  substitution  products  with  bromine 
chlorine. 

By  .substituting  pentasnlphido  for  bisulphide  of  potassium  in  thn  pre- 
ceding preparation,  a  trisulphitie  of  uuithyl,  (CU^,iJj,  is  ublaiued,  boiling  at 

Mbaut  2ov^  c.  (ayiP  F.). 
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The  fipirit  firat  obtained  br  distill  inj;  a  fpmif!nt*'(I  Han'b«rine  liqnid  is 
T>*rv  u-PAk.  bf^ing  diltitiHl  with  a  lari^u  quantity  of  watvr.  By  a  Beconc 
distillation,  in  which  Uip  flntt  portions  of  tJie  dititiUed  liquid  are  coUifcl 
apart,  it  mav  bt;  gruatly  atrun}^lic*ii«<d :  th«  whole  of  Uio  wal^r  canni 
however,  be  thus  rt-mttved.  The  Htruug«»t  rwjlified  spirit  of  wine  of  com- 
roert:e  huA  a  density  of  about  0.835,  and  yot  ooutains  13  or  14  p«*r  t-enl.  of. 
water.  Pure  or  ahsohUf  alcohol  may  be  obtained  from  it  by  redistilling  it 
with  half  its  weij^ht  of  frt'sh  qutekliinu.  The  lime  is  reduced  to  oou^e 
powder,  and  put  into  a  retort ;  Ihe  alcohol  is  addf'l,  anri  the  whole  mixed 
by  a)^itati<m.  Thn  ueek  of  the  rettprt  is  iiecurely  stopped  with  a  cork,  and 
Ihe  mixture  left  for  several  days.  The  alcohol  is  distil linl  olT  by  the  heat 
of  a  water-bath. 

Pure  alcohol  is  a  colorlem,  limpid  liquid,  of  pnngont  and  agreeable  taste 
and  odor;  its  Bp<wific  gravity,  at  15.5^  C.  (60O  F.),  w  0.7938,  and  that  of 
its  vapor,  referral  to  air.  1.013.  It  is  very  inllanimablu,  burning  with  a 
pale  binish-flamf,  fn*i*  from  «mnkf  ;  it  baH  never  Iteen  frozen.  Ali:niii«i| 
iiuiU  at  78.4-^' C.  (173^  K.)  when  in  the  anhydrons  state;  in  a  dilutetl  dtatu 
the  boiling  point  is  higher,  lieing  progressively  raised  by  each  addition  of 
waUir.  In  thu  act  of  dilution  a  contraction  of  volume  iicrurs,  and  the 
tempiirattire  of  the  mixture  rises  many  degrees  :  this  takes  place  uot  only 
with  pure  alcohol,  but  also  with  reutified  spirit.  Alcohol  in  misciblo  with 
wator  in  nil  pro{>ortions,  and,  iudee*!,  haa  a  great  attraction  for  the  latter, 
alwurhing  its  vA|>or  frum  the  air,  aaid  abstracting  the  moisture  from  niem- 
brain'S  and  other  similar  sulwtant'i'S  imnierseil  in  it.  The  solvent  |>o\vers 
of  atcx)hol  are  very  extensive  :  it  dissolves  a  great  number  of  saline  o<im- 
p<mn<ls,  ami  likewise  a  uorisiderahle  projKjrtion  of  potash.  With  some 
sails  it  forms  liertnitc  crystalline  compounds,  called  al  coho  lates;  with 
sine  ddorUcy  Znt*l,.3l',l!gO  ;  with  ca/cium  cMoride^  CaClj.4C,H,0;  with  mttfj- 
fie«iHm  nUroff.,  Mg(XO,)j.UC,H/).  Alcohol  dissolves,  moreover,  many  or- 
,gwpii01libfltanc4>s.  as  the  vegeto-alkalies,  n^llis,  essential  oils,  and  various 
oAtr  bodies  :  hence  its  great  use  in  chemical  investigations  and  in  several 
ortlie  arts.  ^^ 

fhtauium  and  >uHliiim  di.ssolre  in  ethyl  a1cr>hol  in  the  same  manner  aa  ^^M 
methyl  alcohol,  forming  the  compoumU  CjH^KO  and  C'jlIjNaO.  ^^ 

Alcitltol,  passed  through  a  red-hot  tube,  Is  resolvHl  into  marah>gaa,  hy< 
drogeu,  and  oorbon  monoxide. 

C,H/)    =    CH,    4-     H,    4-     CO. 

Small  quantities  of  ethene,  benzme,  and  naphthaline  are,  however,  formi 
at  the  s.'kme  time  by  the  mutual  action  of  these  primary  products,  and 
carbon  is  dcposittil. 

By  oriffatiim,  alcohol  is  ooHTerted  first  into  aldehyde,  C^Hfi,  then 
acetic  acid,  C,I1,0, : 


,P 


and 


C,H,0  -f  0  =  H,0  +  C,HjO. 
C,H,0  4-  O  =  C,H,0,. 


Chlorine  p<u  is  rapidly  abanrbed  by  anhydrous  alcohol,  turning  it  yell 
and  causing  c«msiilerable  rise  of  tempj'rature.  At  the  same  time  it  rapi 
abstracts  hydro;;i'ii,  which  is  partly  replaci^il  by  the  chlorine,  producing 
hydrochloric  acid,  aldehyde,  acetic  acid,  ethyl  acetate,  ethyl  chloride,  and 
chloral.  The  mixture  of  thest-  sulnttances,  freed  by  water  from  the  soluble 
constituents,  was  formerly  nallt'd  hmrtf  murtatic  eihrr.  The  formation  of  tha 
MTeral  products  is  represented  by  the  following  equations 

aHUo      4-       t'l,       =      2HC1      4- 

▲loohol. 

C,H,0       4-        4ri,      =       CHCl       -♦-       t:,iin,o, 


CjH.O, 
AMehyJe. 


Aievbal, 


Ohio 


rat 


Ilia  A  ■rfTHBln  «tf  iMn 

l«i  to  an  sfipMCWM*  l«i9«wiM»!  M  III*  iMn*  WllWv 

iiiMiiMi.  tUft  BoiMM  to  ««t  MrttortiHy  t>nr»tf»4  M  IM 

off  ihm  wof  T»lniM>  ytriaiH  tn  ttw  aHii  |tir<M>-'  ^  ->-"«H 

tin—,  vpcidAllj  off  Uwt  »lka1oklft  anil  ntht^t  <  stm-U,     it  ltm.^  Ut 

■Md  far  ih«  prodactio&  of  falmimtUui;  RM>rs  >.  t'ltlt^l^^«^>lHl.  lM» 
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form^  ol«fiant  gaa,  and  all  Us  dcrtvntivos — in  fact,  for  an  cndlcBS  qti 
of  laboratory  jmriMJiifi*.  Mifthylute^l  spirit  inuy  also  iw  bulHtituK'd  fuf* 
pure  spirit  of  wine  iu  llif^  prf-siTvatiun  of  aiiaUiiuiiriil  preparations.  The 
inlroiluL'tion  of  lliiu  spirit  ha«  alrtjady  ('XtTttNl  «  very  buiit'tiuiaJ  tiltvct  u]»on 
the  Jpvelopin«nt  of  orj^uuic  uhi-mifttry  in  Kngland.* 

Wtnr,  Itrrr,  rlc,  owe  tht^ir  iiitoxieatiug  propertii*s  to  tUo  alcohol  they, 
contain,  the  quaulity  of  which  varifsi  wry  much.      I'nrt  and  sluTry,  a 
auiut*  othur  atroug  wined,  contain  from  1!)  to  2i>  jHsr  nMiI.  iif  ahnihid,  wh 
hi  tilt)  Ijghtttr  wim*a  of  France  and  Ueruiauy  it  soiaflinit^u  fnlU  u«  low 
12  p«r  cunt.     Strong  alv  contains  alxmt  H)  \wr  cent. ;  ordinary  epirits, 
brandy,  gin,  whiakt-y,  4t»  to  fiO  porcvnt.,  or  occxusionuUy  more.  Tht'St!  lat 
owe    thi'ir    charMUerifttic   llavors  to  {.vrlaiii  I't^siMitial  uits   and  compuui 
Bthuni,  preiitmt  in  very  small  quantity,  eilUur  gcUeraLtnl  in  lliti  act  of  I' 
mentation  or  purposvly  added. 

In  luaklng  wine,  the  expresswl  juice  of  tho  grape  is  flimply  set  aside 
larg<»  vats,  where  it  uiidergnfii  8iM)ntaneim»ly  tho  necessary  change.     T 
vegetabli*  albumin  of  the  juice  almnrlM  oKv^en  from  the  air,  ruiu»  into  d 
conijioitition,  and  in  Hint  f^tate   lH_>e(inies  a  fernifnt  lo  the  HUgar,  which 
gradually  couverteil  into  alcohtil.     If  the  bugar  be  in  exueSfl,   and  t 
azotixed  matter  delicient,  the  resulting  wine  remains  iveet  ;  hut  if,  on  Xh\ 
other  liniiil.  ttie  proportion  of  sugnr  Ur  Hni;ill  and  that  of  albumin  larg 
r/ry  wine  is  produced.     When  tlie  fermentation  »tops,  and   the  liqaor 
oomeii  clear,  it  is  drawn  olT  from  the  lees,  and  trana^rrud  to  caiika,  to  ri 
and  inipi'uve. 

Tho  color  of  red  wine  is  derived  from  the  skins  of  the  grapes,  wliich 
HUi'h  cat)0U  are  left  In  the  fermenting  liquid.     Kllerrtniceul  wineii,  as  el 
pagne,  are  buttled  U-fore  the  fermentation  is  cnniplete  ;    the  carU^nie  aei 
is  disengaged  under  pressure,  and  retained  in  solution  In  the  liquid.     A 
certain  (juantity  of  HUgar  is  frequently  added.     The  process  requires  mui 
delienle  in.ina>;eiuent. 

During  the  ferraentatinii  of  the  p-npo-juic**,  or  mt$9t,  a  cryBtallino,  Mon; 
matter,  called  urtjfti,  is  deposited.     This  oon-iisls  chiefly  of  acid  )K>ta8sii 
tartrate  with  a  little  cobiring  matter,  and  i»  the  source  of  all  the  tarta 
aoid  met  with  in  conmier^.^.     The  tmU   in  question  exista  in  the  Juici- 
considerable  quantity  ;   it  in  but  sparingly  iiolnblu  in  water,  but  stitl  I 
so  in  dilute  alcohol :   hence,  att  the  fi'rmentalion  proceeds,  and  the  quK 
tity  of  spirit    increases,  it  is  sUiwIy  dep*»»it»''l.     The  acid  of  the  juice 
thus  removed   as  the   sugar  dirtappenr;*.      It   in   this  circumstance  win 
renderH  prape-juioe  alone  fit  for  making  uood  wine;  when  that  of  g 
berries  or  currants  i»  employeil  h!>  a  subtttitule.  the  malic  and  citric  aef 
which  1bt«e  fruits  contain  cannot  Ite  thus  K'ithdrawn.     There  in  then  no 
other  resource  bnt  to  add  sacar  in  sufRcicnt  quantity  tn  mask  and  iMinceal 
the  natural  acidity  of  the  liquor.     Sncli  wines  are  neoessarily  asoescent. 
prone  to  a  seciind  fermentation,  and,  to  many  persons  at  Ic^st,  very  un 
whoUiioiue. 

Bcrr  i&a  well-known  liqnor.  of  great  antiquity,  prepared  from  germtna 
grain,  generally  bnrlry,  nnd  is  used   in  countries  where  the  vine  dot« 
Uourijth.     The  oj^eration  of  maZ/m//  is  iwrfurmed  by  steeping  the  Imrley 
wtttiT  until  the  grains  Iwcurae  swollen  and  soft,  then  piling  it  in  a  heap 
couch,  to  favor  tin*  rise  of  temperature  causeii  by  the  alMorption  of  oxygi 
from  the  air,  ami  afterwards  Apreadlug  it  U(»on  a  floor,  and  turning  it  ovi 
fn>m  lime  lo  time  la  prevent  nneqaal   heating.     When  germination  hai 
proc««.iied  far  enough,  the  vitality  of  the  seed  is  destroyed  by  kiln-flrying. 


■•■• 

un- 

I 


*  See  Report  on  the  Supply  of  Bplriti  of  WInr.  free  from  rttitjr,  tor  nse  in  the 
Ari»  ADO  M^muturturei,  nuilreAtfd   to  rhc  Chalmnn  of  Intind   Kevenue  t^jr  Pro- 
frHMormOritlttun,  HnftniiDD,  nuO    Rrdwdod.     (Qunrtrrljr  JoutdkI  of  Clkrmloal   So- 
Wf//-.  rol.  Kijy.  /A  liO-i 
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this  proo«i«  a  p^mlUr  oitrosmntui  «o>«iJuic«  rfttlivt  tHoahtm  la 
LVil,  wlii'-h   ftfU  M  •  rtnutrnt  on   lh«-  slarrli  uf  Ut<t  gr»iii,  OuUTVftlBg 
ft  pnrtion  of  il  Lntu  «Dgar  a4i4  ri'Ddtfclng  il  «oliil)le. 

In  brrwing,  tbv  m»li#<l  malt  ia  infiLMMi  in  wstvr  at  tbont  TT^C.  (1?^ 
},  And  tbn  mixtorit  t»  Irft  to  f-tAnil  thr  twn  huiirn  or  nir»rr.     Th«i  *m»(l,v 
LiluMrt  dUalAft«  lidn  tliud  &n  o|ip«.rlunily  of  juiuiic  U[miu   lliw  uimUfrvfl 
uf  the  grain,  »iitl  rlian^tng    il   inlu  dextrin  and  ouf;;ir.     Tlin  cl«*nr 
;  or  mrtf  alraincd  rriuu  lUc  vxliuudtt^l  titalt,  in  n^xt  f>uni|HH|  up  into 
r  l>t<ili'r.  And  iKJlk-^l  with  ihv  nnftliitltr  quoiltitv  uf   ho|iH,  to  ouuiniu- 
it  tittrr  flavor,  aimI  coitfi-r  on  il**-  U-«Ttliv  |»r»«iwrtv  of  kf.-j». 
%i  j'lrr.     Tilt*  fluMr«<n»  uf  ihd   hop  uutitaiu  a  IhUit,  ri«iiioua 

ci^U\  L<4U*>'1  fuiraJin,  aiid  an  eMvutial  oil. 
When  Ihn  wort  uha  bc«*u  auAvk'Utl/  boil«'<l,  it  ia  drawn  tram  thi*  copper, 
nd  caad*^!  a«  riiiu<ily  oa  jHWHible,  tu  nvar  tli*i  ordinary  tru)|M<ratur<<  of  th« 
.Btr.  ill  ofU'r  t<i  uwiid  aii  irii-j^ular  nv'u\  frruirntation,  to  wliirlt  it  would 
'Ctli'-rwisr  |h*  1t;tt>l<-.  It  ia  llicn  trun^frrrcd  to  tU»  (rnm-ntlng  vt-MuU, 
^iLiuh  ill  UtT^v  i-r-ucri***  are  of  grval  capacity,  and  uilx^il  with  u  ()UH»lily 
«f  yt'Mtt,  tht>  pio<lnct  uf  a  pm^iiltiif;  nptuatiHii,  by  %k  liirh  tl>i<  I'hatiKrt  la 
apcrdiljr  indticvd.  TIiIh  is  thv  lututl  LTitiftil  purl  of  tht<  whole  opcriitiitii. 
and  ono  in  whirh  thi*  akill  and  )udKnu>ni  of  tho  tiri'Wi^r  ari<  uhwI  callinl 
Into  plAy.  Ttie  proiHfui  is  In  boin«>  itifaMnn^  undtT  coiiind  hy  atlmtlon  to 
the  t^tuiN'rature  of  th««  liipild  ;  and  tlio  fxlent  to  which  Iht*  ('bandit  hiul 
carritnl  i»  t*ahily  kn<>u'n  by  thi*  dtutini^htHl  dvu^ity,  i*r  uthHuoUon  ut 
port.  Tho  ri'nik'iitatjuii  in  ncvt'i  Hullvri.^  to  run  Ita  full  «tjLu>i<.  but  ia 
Hl4)pp<-«1  at  a  i>nrtiL-iilur  {mint,  by  ht-porutkng  lhi<  yi'aftt,  and  ilrawlng 
off  the  h»-vT  into  cOMkn.  A  hIow  and  aluumt  litHt'tiMihlu  ftrnirntAltou  iiutv 
«mkU,  which  in  tiuic  rendi-nt  tho  b<M>r  atruiigur  and  Ivas  awvvl  than  wht'ii 
litfw.  and.  i-hargt^  it  .with  fArUinic  Held. 

Highly  (vlorLHl  U.*vr  ia  madi*  by  aildihg  lu  th<<  nuill  a  atnall  quantitjr  of 
■trC'ngly  dried  or  charrtxl  malt,  thv  KU^ar  uf  wUirU  boa  U'vu  cbangud  lo 
Q&rBiuvl  :   iMirtcr  and  atont  arn  no  prcparinl. 

Th»'  yi'juit  of  bevr  ia  a  vltv  rt-niarknbli-  aiitwtancit.  To  the  niik"*!  *»y*  It 
ia  A  gf.M'iiish-yfllow  soft  sr.iiri,  iifnrly  iiiHoliibb'  in  wat^-r.  iind  drn*H  up  to 
a  pab^brownitih  uiaitit,  which  ri>mlily  puticllca  wlifii  MntlHlt'iu'd.  and  bo* 
«omea  otfenHlve.  Uiidtir  Ibt*  inicntacnpit  it  (.'Xbibita  a  kind  of  oriian* 
bed  apiKjaranot,  luring  made  up  uf  littb*  Iranxparmt  fflobub-a,  witidh 
aonietinn-H  coht-ro  in  cluBtcra  or  •liinn«,  like  nonn'  of  the  loweal  mcuiU'K 
of  the  vegetable  kingdom.  Whatover  may  !>•'  tb«  r<-al  naturv  of  the  «ub* 
ataniw,  no  doubt  ran  rxial  that  it  ta  fornu'd  from  tlu*  holiiblu  axotiuHl  jMir- 
lion  of  ibc  grain  during  the  fiTiitMntative  proi^eoa.  N<»  yt-rtwt  In  t-v.-r  pro- 
dui*e<i  in  liqnidti  fn-<^  frnni  azotixiMl  niattor  ;  thai  atblml  for  thi>  piirpoar  of 
exciting  fennentatlon  in  purw  sugar  U  di-Mtroytil,  and  rend,  red  inert' 
thereby.  When  yeaat  in  deprived,  by  atrniniiig  Aiid  Htrong  pretiuure,  of' 
a«  inurh  water  aa  iMWnibIe,  it  may  1m<  kept  in  a  eo<d  pln.«»,  wJtb  unalturud 
propertieH  for  a  lon^'  time  ;  otherwise  it  quickly  ^im-IIh, 

The  diatilliT,  who  prepareti  apiriU  from  urain,  malti-a  hia  wort,  i.r  w 
mueh  in  the  .ime   Inner   a.   the    ^-wer  =    >u.    --;,  ----/JW 
malt  a  large  quantity  of  raw  gram,  tl»e  «»»'''*'»;  «„pieie»t  for  i.Ih  i.ur 
into  augar  by  llie  diuHta*e  of  the  ninlt,  *,    *"  roo«*.4lH  »i  once  u>  th* 
He  d<M;8  not  boil  liis  infuiiion  with  bojw*,  "^J ,  'by  large  and  repLni. 
nwntalion,  whiL-b  hepuHhesaa  far  ««j¥«<^»*'7     ^^e^   from   p..livl,„ 
of  yeaat.     Akohol   ib   munufartnrwl    in   ina«Yi  ^nt'-^  ""'^^^ '»'! 
^Touud   lo  pulp,  inixifl  with    "*  ^^.  j\m    ' 
ijwe,  mnd**  to  (ernn*nl,  and  tin'"     ,i>iit' 
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form,  oleflant  gu,  and  &11  its  dcriratfres — in  fact,  for  an  cndlcai 

uf  laboratory  purjKnKttt.  Methylated  spirit  may  also  bu  ttubsti 
purti  spirit  uf  wiiiv  in  ttio  pn^Hcrvatinu  of  anatomical  pri*parati< 
iniro'luL-tion  of  this  spirit  liAtf  already  ext*rt»Ml  a  very  tKtn«Lcial  ©1 
til*'  dt'vulopruunt  of  urKUuic  chemistry  in  England.* 

Wine,  lierr^  etc.,  owh  tluiit  intoxicating  proj>frtie8  to  tho  alo 
contain,  the  quantity  of  which  varieii  very  much.  P(»rl  and  sli 
Houii-  other  etrou;^  wiue>t,  ixtntain  from  l!>  to  2fi  per  ctmt.  nf  alcol 
iu  tlic  lighter  winefl  of  Franco  and  Ourmany  it  HomWiniva  falU 
1'2  |H)r  f«nt.  Strong  ak*  t-cjntains  about  !(.»  per  cent. ;  ordinary  i 
brandy,  gin,  whiskey,  4(1  to  OU  ptTCitnt.,  or  ticciisioually  more.  Tfc 
owf  tlii'ir  characttirlijlic  davortt  Ut  ci-nain  L>HHL<atu,l  uiU  and  ( 
ethers,  preAunt  in  very  amall  quantity,  either  generated  in  Xht  i 
mentation  or  purfKisely  ad<led.  i 

In  making  wine,  the  expreMbeil  juice  of  tho  grape  ua  iimply  M 
large  vat»,  where  it  undtirgoes  flfHintaiieously  the  net^esHary  chai 
vegetable  albumin  of  thu  jiiic(4  abMorlts  oxygen  from  the  air,  run 
eiHii[)usitiun,  and  in  that  6L»te  bectmiefl  n  fertiient  lo  the  sugar, 
grwlually  converted  into  alcohol.  If  the  ttugar  bo  in  oxoeaa, 
axoiixed  matter  deticient,  the  reuniting  wine  remainH  sweet ;  but 
otlier  hnnd,  the  prop«>rlion  of  sugar  U*  small  .uiit  that  of  album] 
ffrif  win.*  is  produced.  When  tho  fermentation  stops,  and  Iho 
otrnt^  chMir,  it  is  drawn  olf  from  the  letsa,  and  transferrud  to  caakj 
and  itiiprnve. 

Tho  c-<>lor  nf  red  wine  Ib  derived  from  tho  skins  of  the  grapes, 
such  cades  aro  left  in  the  fermonting  liquid.  KllVn-oscenl  winea 
pngne,  are  bottled  W-fure  the  ffrmentatinn  is  complete  ;  thv  car 
iit  diHi'ngageKl  under  pn^aure.  and  retained  in  solution  in  the  1 
certain  quantity  cf  sugar  is  frequently  added.  The  process  reqg 
delicate  mau:i^<<ment. 

During  the  fermentation  of  tho  grnpo-juice.  or  must,  a  cryntAll 
matter,  called  uryf;/,  is  deposited.  This  oon^iiits  chiefly  of  acid  | 
tartrate  with  a  little  coloring  matter,  and  is  tho  source  of  all  til 
acid  met  with  in  cnmrneroe.  The  stilt  in  question  exiatii  in  th| 
considerable  quantity  ',  it  is  hut  hpnriD^'ly  soluble  in  water,  bqt 
HO  in  dilute  alcohol :  hence,  as  the  fermentation  proceeds,  and 
tity  of  spirit  iiicrenses,  it  is  sluwly  dep*)sitod.  Tho  acid  of  th 
thuH  removtn^l  tin  the  sugar  di(«ap]>earjt.  It  it*  this  cirrnmatftl 
renders  grape-julcp  alone  fit  for  making  ijwwl  wine;  when  tha| 
lierries  or  currants  Is  employeil  as  a  sulwtitute.  tlie  malic  and  C 
which  the^e  fruits  o^mtain  nannot  1>e  thus  withdrawn.  There] 
other  resource  but  to  add  Hiigar  in  siifncient  quantity  to  mask  w 
the  natural  acidity  of  the  liquor.  Such  win*-*  are  net^easarilj 
pmne  U*  a  second  fermentation,  and,  to  many  persona  at  loM^ 
wholi>some. 

Uetr  \B  a  well-known  tiqnor,  of  preat  antiquity,  prepared  fmnif^ 
grain,  generally  barley,  nml  is  usi^l  in  counirii'S  where  the  vim 
llntirish.  The  o^>erntion  of  matlintj  is  performed  by  steeping  IIm 
water  until  the  grains  iH^cnnie  swollen  and  f^oU,  then  piling  it  In 
ctmcJi,  to  favor  the  rise  of  temperature  caus«>d  by  the  alwnrption ' 
from  the  air,  and  afterwanls  spre.'idiug  it  uikiu  a  floor,  and  turn) 
fnim  lime  to  time  lo  prevent  unequal  heating.  When  germfd 
proceeded  far  enough,  the  vitality  uf  the  seed  is  destroyed  by  kl 

*  Se«  Report  on  the  Suniily  of  Splrlti  of  WInp.  free  rrntn  duty,  lal 
Art»  Jintl  MtourHCtures,  ivlnrenflrd   io  ttir  Chnirntnii  of   liilind   Rev!^ 
frMworm  OrAlinm,  HofniiDD,  nnfl   RcJuood.    iQ.unrierly  Journal 
cJetjr,  t'ol.  riii.  p.  2X./ 
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*  rthyl  Chloride,  or  Cbloretbane,  C^HjCl,  or  Hj*"— CH^Cl,  often  called 
Jlytirttchloru  tihrr. — To  prepare  tUts  cotuponnd,  roi-tilied  spirit  ot  wu>e  ift 
BAtiiratt^d  with  dry  liydrocLlohc  acid  gas,  and  the  product  diatilled  at  a 
very  geutlu  licat ;  or  a  luixlure  of  3  parta  oil  of  vitriol  and  2  jjarta  uf 
fttcniiol  is  poured  upon  4  part^  of  dry  common  Halt  in  a  rt-tort,  ami  beat 
applitid;  in  either  c&do  the  vapor  of  thu  hydroohloriu  ether  shoutd  tie  oon- 
dueted  through  a  little  tei>i(l  water  ia  a  wnah-bottle,  aud  tlu'iicc  into  a 
aiunll  ri'Ctnvt'r  surrounded  by  ico  and  salt.  It  is  puritied  from  adhering 
wuter  by  eontatt  with  a  few  fragiiieut»  of  fust-d  cuU-iuni  chloride. 

Ktbyl  chloride  is  a  thin,  ooUirlusH,  and  exceHHivi-Iy  volatile  liquid,  of  a 
pcnoiratiiig,  aromatic,  and  somewhat  alliaoeoua  fMtor.  At  the  frooxtng 
point  of  water,  itii  up,  gr.  is  O.^'Zi,  and  it  boil»  at  12.50  c.  (54.50  p.).  U 
ill  HoItiblH  in  10  parts  of  water,  is  hut  incompletely  dec<<mpc)s^-d  l>y  solution 
of  ttilver  nitrate  wheu  the  two  are  heated  tt>};;ether  in  a  se.ile^l  tube,  but  ia 
quioklr  reaolvod  Into  |Hitudrtium  chloride  aud  ethyl  alcohol  by  a  Uot  a^^ueoua 
solution  of  caustic  pota±ih: 

CjUjCl    -I-     KOII     s=»     KC'I     +     CjUjOH. 

With  alonlioU«  potash,  on  the  otlter  hand,  or  potassium  ethylate,  it  yields 
etityi  oxide,  or  comiuon  ether  : 

CjHjCl    -I-    C.HjOK    =    KCl    4-     (C,H4),0. 

II«atc^d  with  soda-Ume,  it  yields  etbene  or  defiant  gas  : 

2C,IfjCl    4-    Na,0    =    2i\aCl    -|-     U,0     +     2fyi^. 

When  rapor  of  ethyl  chlnridw  Ib  mixed  with  chlorine  pan  in  a  ressel  ex- 
posed, first  to  diffused  daylight,  and  afterwards  to  direct  sunMhine,  hydro- 
Ohlorio  acid  is  furiued,  aud  the  cblurine  dijiplaces  one  atom  of  liydrogMU  la 
tb«  ethyl  cblnridef  proilucing  oiomHihloriuated  ethyl  chloride,  «*tbene  chlo- 
ride or  dicbloretliane,  t/^lljCl,  (p.  MT).  By  the  prolonRod  aotlon  of  chlo- 
rine in  excess,  the  citiiiiK}unda  C\UaC1|,  C,U,Cl,,  C^Cl^,  and  0,01,,  aro 
produced  (pp.  S;!l,  522}. 

Ethyl  Bromide,  or  Bromethano,  r,n^Rr.  nl<4o  railed  fTi/ifrnhrnmir  rthrr, 
la  prr-pared  b.v  distilling  a  mixture  of  8  parta  bromine,  1  part phoNpborus, 
and  3U  parts  aliohol.  It  is  a  very  volalilf  liquiil,  bt'iivjer  than  wat^r, 
having  a  penetrating  taste  aud  odor,  boiling  at  41"^  C.  (105. 8^  F.)* 

Bthyl  Iodide,  or  lodethane.  C^H^I,  also  called  H^riodk  ether,  may 
be  c^^mveniently  prepared  with  5  parla  of  phnapboruii,  70  parta  of  aloohol 
(of  0.84  «p.  gr.),  and  100  parts  of  irKline.  The  phosphorus  is  introduced 
into  a  lubulate<l  retort,  rovi-red  with  part  of  the  ab-onnl,  and  heat^vl  to 
fU!^ion.  The  rest  of  the  alcohol  U  {Mmnil  upon  the  iodiue,  and  the  solu- 
tion thus  obtained  ia  allowed  to  flow  gradully  throu^ih  a  tap-fuim*?!  into 
the  riitort.  The  brown  liquid  is  at  once  deootorizi^d,  and  ethyl  iodide  dis- 
tils over,  which  i«  ooudensed  by  a  goo<l  cooling  apparatus.  Tlw  iliwtillale, 
consisting  of  alrnhol  and  ethyl  iodide,  ia  ajjain  poured  nii  the  n-siduary 
iodine,  which  is  thus  rapidly  diflsolved,  intriKluced  into  the  ri'l<trt,  and 
ultimately  imtiridy  ccmvertetl  iiiln  nthyl  io<lide.  The  latt^-r  is  wa»b**d  with 
W!iLt'r  to  remove  adhertn>;  aliohol.  n.-paratiid  from  this  water  by  a  lap- 
fuuiiel,  dig(«ted  with  calcium  chloride,  and  rectified  in  the  water-lmth. 
Ettiyl  iodids  may  also  be  formed  by  heatiug  in  a  sealed  ^laj&%N«wn\  «.\ixvk.- 


* 


» 


MO  VATTT    OBOUP:   ALCOHOLS    AUD   ETOKBO. 

tnr^  of  bj-rlrkodlo  acid  juid  olpflunt  frftfl.  It  U  a  oBlariMs  liqnM,  of  pfii«w 
U ating  ethercAl  tMlor,  Unviitf;  a  density  of  l-'J^^axid  boUiu^at  '.2^0.  (161  .(P 
F.).  U  becouuv  red  by  fX\Mfsur»i  to  li^rht,  fmm  the  ootmneMeoDent  of  dc^ 
compovitiuu.  This  aubiitajKH'  h^s  iMoutut?  higUlv  unporiant  as  a  Moree  erf 
Mhjrli  and  from  iu  r^uarkaMo  dtrpoilnMrnt  with  ammonii^,  wluck  «ill  hu 
diacaaaod  in  tho  bection  ou  Amiutsi. 

t»thyl  Oxide,  or  EthyUc  ether,  C,H,oO  =  C,HjO.C^,^<C^,V), — 
Thja  uinuF»'>uncl,  also  called  omnivri  ccA«r,  or  simply  n/A^.  co&lAina  tlhsele- 
tuvnu  of  2  niolvcalm  of  aire  hoi  mintu  1  molecnle  of  water ; — 

2C,H,0     —    H,0     =     C.H,«0;  J 

aiul  ft  in  In  fact  prodnc»Hl  by  the  action  of  T»rioo»  dehydrjitinc  nfferla.  »nA^ 
an  liiit-  ttiiloiidi-,  pl(fMph(»rit;oxidt*,  iiudalroug  sulpUoric  juid,  u|iuii  alivhol. 
Th«  prticirAK  du<«  out  appear,  hnwert^r,  v>  hv  ont*  uf  dinvt  dehydration,  at 
li'aNt  in  th*-*  ca»e  of  sulphuric  acid  ;  fur  when  that  acid  i*  hcAtvd  with  aJco- 
!i'.i|  to  a  certain  teuip«rature  it  does  not  ft>-o(.>tuf  weaker  by  taking  water 
fruin  th**  alc-ohol,  but  ether  and  water  distil  orer  loiccther,  and  the  buI- 
pburio  acid  rt^mina  in  itii  orit;inal  atat(>^  rearly  to  act  iu  the  same  mannrr 
ua  a  frfsh  jwrtion  of  alcohol.  The  n'action  is  in  tact  one  of  &ubeLitation, 
the  ultimate  rvtiult  b*>inu  Iht.'  oonrersion  of  altx>hoI,  C,Hj(OIIj,  into  ether, 
C,Uj(oC,Hj),  by  the  uutMiitution  of  ethyl  fur  hydrogen.  The  manner  in 
which  thi8  takes  plao«  witi  be  better  undenituud  when  another  zuDd«  of 
Die  formation  of  ether  has  l>een  explained. 

When  a  Bolntion  of  fiodium  ethylate,  NaOCglli^,  in  anhydrona  alcohol, 
obtatne<i  by  didsulving  Mniiuiu  to  saturation  iu  that  liquid,  is  mixed  with 
ethvl  iodide,  double  decomposition  take*  place,  resuitiJig  in  the  formation 
of  itodiuiu  iodide  and  ethyl  oxide : — 

NaUC,Hj    -i-     C,HsI     =     Nal     +     C,HjOC,Hs. 

The  resnlt  wonid  bo  the  same  if  chloride  or  bmroide  of  ethyl  were  snbvti- 
tut«d  for  th*.'  iodide:  moreover,  when  metltyl  iodiih*  is  adilf^l,  instead  of 
the  ethyl  iodide,  an  oxygen-ether  u  tormed  ooutaiuing  both  etiiyj 
methyl : — 

NaOan,    -f     CH.I    =    NftI    -I-    C,H,OCH,. 
Sodium  elbf  late      Methyl  Ethyl-mettirl 

Iodide.  e  111  ex. 

In  earh  rii«f>  the  reaction  oonsiflts  In  an  interchaoge  botweon  the  sodtnm 
and  the  ali-oliol-rttdick*. 

Now.  when  alcohol  is  lieaL-d  with  itrong  aulpburic  acid,  the  first  riwult 
is  the  formation  of  ethylsnlphnric  acid,  SO,(OC,H4)OH,  by  anbtftitution  of 
ethyl  for  hydrogen  in  the  acitl : — 


60,(OH)COH)     +     C,H,(On)     =     IU»»IT)     +     SO  (OC,H,)(OH); 
Sulphurio  ItooIioL  Water.  Etbylauipburte 

aeiil.  •"'» 


• 


and  wh»«n  th«  ethylaalphnrio  acid  thus  formed  is  bronghl  in  contact,  at  A 
certain  tem|M*ratii're.  with  a  fresh  portion  of  alcohol,  the  rertrse  Bulstitu- 
Uon  Ukea  place,  reeolting  in  the  formation  of  ethyl  oxide  and  enlphuric 
aoid:— 

gO/(KJ10fOn)    +     C-HjfOH)     »    C,H,OC,Hj    -f    80,(011)^ 
CtliylBulphurle  Xleohol.  Ether.  Sulphurio 


I 


hel 


lunuru  AJOOikoi.  i:.(Bcr.  c*ui|>iiu 

4.  »c»d. 


The  Bolptinric  acid  it  tbna  r(*prndTirt*d  !n  its  original  fitate,  and  if  the  anp- 
pljr  of  jJcohol  be  kept  up,  and  the  temperature  maintained  within  certain 


t         — M 


rrartic  Brotmi. 


^MSC  flii  — iWa  »Mip«r»lttr»  Ur  ellicrUcAUoii  U  lirtweeo  IttO  ui^ 
--»^mmAn0^r.}:htlamltT^mr7\d'  i*  t<ftidoc««l.  Mid 

Tkf  makaU^^i"^  "'  li."  f-'ULi-.r.  ■,  the  rtb*-r-|>to- 

-   ksl  ofct  *  'I'hiirio  mcM  ami 

-*k  Isl*  vbi  <     >  >«  aRppUml  in  • 

mmd  n%9U%M  •irv«A.     Ttus  u  catini  Ui»  ivmmimu  vlhrr  pn^ 

(  with  asnant)  cnrh  fM-rfomt*^!  Ii^ 

<  to  nHHtiri*  a  tli*'rmiHii**ifr  wiili 

'ii-i.  ib«)   vertical  pnrtiofi  i.f  «  lonx, 

la  ftA  ovMcv  e^  about  j^  vf  an  iucb  In  diaoMtar  | 


third,  a  wide  bent  tolw,  e,  oann^U^  with  th*  eoiirlenit^r,  to  carry 

volatiliiofl  prtMliicifl.     A  mixture  i§  Diad<4  of  8  part«  by  WAigbt  nf 

itrated  nulphnric  acid,  and  5  parbi  uf  n^ctififMlftpirit  of  wine,  of  aUtiit 

91.834  cp*  KT.     Tins  ia  introiltatxl  into  tb«  (Inflk,  And  ht-att'd  by  n  lamp, 

Tb*  Uqaid  eoon  Ukila,  anil  th«  t)i»rtnnmi>U<r  v<iry  Khnrtly  inrJicatr^  a  tcnt- 

Der»lMr«  of  1400  C.  (2H40  F.),     Wb«^n  thiM  happt'ntt,  alcohnl  uf  the  ftlh.vn 

.taaaity  is  sofr^nMl  alowly  to  enter  by  tU'3  narrow  tulm,  which  is  put  into 

tnnication  with  a  nsarrolr,  6,  of  thftt  liquid^  oonsiBting  of  »  |arf;e 


_  the  bottom,  and  formuhM  with  %  ^msU 
:  Uir  «tupcix-k  u  st*curvd  to  th«    - 

*— a«f<or.     At)  ilic  taltv  pi&Mc  i>. 

^^ tte  AMb«4  grUHlionMijililjr  mixM  with  the  a-. 

^ll^  i«HV  i  VtM  9«MiU^  <*  «Ni»il.>  tttlJuNtiNl    by  the  aid  of  thf   ^Kigfli 
^fS^^MlMB  a  LJW)4t*«  <»>thl«uiM'r  muy   he  ujsvd,  supplied  with 

ply  of  ftltxihol,  um»t  Iw  so  adja8t<>d  lli 
'  ',  or  a«  fit'ar  tlutt  tvniperalun*  as  pL 
'^  AP'  muintniiinl  in  a  titatc  of  m/uti ni 
iui|M>rliuifi'.     KthiT  and  wuUt  dist, 
^  ■r,  ftiriuiiig  two  distinct  alrata  :   i\n 
Jit  Btxwndary  nut  ion  of  the  aci< 
■  in  the    hitt»T,  hnl  retains,  an. 
l«>Ki<rs  uainiiuiired.     The  aci< 
-lato  of  nii  of  K-inf,  and  the  quL 
■  ■i  &  (Mii.sid<*rable  iul*! 
ilos  ihe  only  limit 
<VM   M>yiU  v*(iviHist)  be  twutiiiued  iiv>i 

^MiftL  VM^^T  W  llfUfi*  by  a  rtvsel  of  lend,  tha 

-^  "'v^aX     \W  Artn  «f  lk«  tht*rmoine>Ufr  may  li« 

Upt  AM^rtv  M^  bMl  kuy  ]ta>rhjipH  be  ad  ran-* 

lii^,tiMi— iMiirtHM.w  IwltwU  drvulatiii^;  in  a  spiral 

<tah  M»  wCkA«w  «f  «fM  aiKl  »pirii. 

M  tWwa«««Mi  which  it  flo«u.  ifrl- 
tftf  rhmtikt  |ii<aili>  akA  mlbitincd  by  th**  h*ra( 
*r^  iTMlvd  with  an  aJfcalin»"  solution, 
im^  a  little  ether.    :x>nMtiiu(.-M   tl>« 
ijrt»«l  4or«   Dot  occur,  from   thu  acci- 
iKan  twual  of  undeoomp<MfHl  aloohot* 
e-r,  alwj^vs  suffiet«  to  dftvrminw  it.       * 
AHk^l^Arrnt.  fragrant  liquid,  very  ihin 
...w  r.  (59.£KJ  K.)  ia  about  ().720 ;  it 
;  -  -  Mirri  of  the  atmoBpherc,  and  Ijnkn 
\>       M  drnppwi  on  th«  hand  it  i^ccti. 
-  T  .j.id  vulatilization.     Kthi*r  is  very 
rtftmo.  gciicrating  wnter  and  rarbon 
'.If  Id  one  of  th»  llghtt^it  licjuids    ita 
V  of  2.5HG  (rt-forred   to  air).     .Mixinl 
trie  spark,  or  oth.Twige,  it  explodw 
.1    in  .'in   iinp.-rrt'1'tly  stop|Kxl  vwn*t, 
.d  fmoi  th.t  proiiuclion  of  acetic  arid  ] 
I  by  eI(»valion  of  tcinporAluft*.     It  is 
I  n-d-hot  tulw  into  cthem*,  methane 
^sIanr»^8  yot  to  Ik-  dwicrilxyl.  ' 

ti  all  proportions,  but  not  with  wator;  it 
'  ^f  Ii.|uid,  W  parh*  of  waN*r   takin;;  \ip 
p.irat.vi  from  alrohol,  provid«|  tho 
.  by  nddition  of  wal#'r,  and  in  this 
i.y  U-  (:onvHni*ntly  oxanun»»d.    Kthrr 
:   r,.. rally,  and  phosplionis  to  a  Rmall 
^^  «.,.U  and  sniuf  tirj^anic  principb^  ;  hut  iti 
juv  wudi  more  limited  than  thoite  of  ahtohoi  or 

M  tht  action  of  ubiuriue,  ytelda  the  tluw  sub- 
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BtitQtkm-prodncts.  C«n.a,0,  CfH^CItO,  and  C,C1i.O.  th<>  int  two  of  wbich 
arr  liqaiiln.  wbil.-  th*-  third,  pixniucnl  bj  tb«  prol^ngwi  artioii  of  cblnri 
ou  eth^r  in  suDAltinr,  is  a  crrstalliDc  solid.     Thr  srtvud  cbbtrittf  cntii[>r>ti: 
is  converted   b/  bjdro|pexi  eulpbide  taLo  the  two  vrjrBtalUui?  compou 

iUAjrf-iMccAy  A/Hie.  EtMyl-mttkjfl  tiMrr,  £tAW  mttk^att,  or  Xirikyt  Hk^ 
C|HsO KB l'>H)OCUj,   w  producvd,  ««  slrxvlv'  BU'Utionc^I,  br  tbc  lu'tiov 
BbDth/1  iodide  on  potaaaiom  etb/lat**,  or  uf  Hbrl  iotlidr  on   potual 
metbylmte.     Xi  ia  *  varj  iiilUmnmblg  Uiiuid,  botluig  at  110  c.  (61.80  F.)- 


^ 


Bthyl  Nitrate,  f\HjNO„  or  CyH,<»NO,.— A'ifnr  rtAcr.— \r}tm  nilrir  arid 
is  ht'sltfd  wiih  aJcubul  alutu*.  p«rt  of  tbv  alvubul  ia  uxidiceit,  nml  tlic  nilrio 
acid  i»  riNiuwd  tn  nitmua  acid,  which,  with  the  rfiiiaindfr  uf  tht*  alcxibo^^H 
(ortna  Hbjrl  nitrite,  Cjli^No,,  together  with  otbt- r  products ;  bnt  by  addinf^f 
tirt'a  tu  tb«  tiqaid,  wliivb  dfcompoava  the  nitrous  acid  a»  faj^l  as  il  i»  fomi*^,  ^^ 
thttt  action  may  be  prevented,  and  th»  abwhol  and  inirir  acid  then  form 
ethyl  nitrate.     The  esperiment  ia  moet  safely  conducifl  on  a  small  8cale,^_ 
and  the  diAtillatiun  luuat  be  flopped  whrn  s«ri*n-fighthj^  of  th«  whole  hnra^f 
paamsd  over;  a  little  water  added  to  the  distill«Hl  prmluct  flt-paralfa  Iha^^l 
nilrio  acid.     Nitric  «tb<pr  boils  at  8&0  or  80^  C.   (liir>o.]Sti.iiO  p.).  nnd 
has  a  density  uf  1.112  at   l&oc.  (5i)Op.)  ;  it  is  insoluble  in  wat<i.  has 
an  agreeable  sweet  taste  and  odor,  and  is  not  deconi|>osi'd  by  an  aijufoiis 
solution  of  caustic  iK>ta.<ih,  although  that  substance  disftoIviMl   in  alculml 
attacks  it  ertm  in  the  l-oM,  with    prtKlnction  of  pol&a»ium  uilratti.     IU^h 
vapor  is  apt  to  ezpludu  wheu  islruugly  heated.  ^| 

Ethyl  Nitrite.  CjIIjN'OjaBCjIIs— O—NO.— AVfr™*  f/A^r.— This  rnm- 
pound,  isonuTic  with  nitru-fthaue,  C'jH^ — ^t>,,  can  be  obtniiied  pore  tuily 
by  the  dirft't  aotinii  of  the  arid  iti4i*lf  ujHtn  aloohol.  Ont*  pnrt  of  starch  nnd 
10  parts  of  nitric  acid  are  gently  heated  in  a  uapadoua  retort  or  flattk,  and 
i\\ii  VA))4jr  of  nitrous  at-id  thereby  evulved  is  conducted  into  alcohol  uiJxtMt^l 
with  hnlf  it.H  Wfij^ht  of  watpr,  contained  in  a  two-n^-ckKl  bottle,  which  bl^^| 
lo  be  plungLil  into  cold  wat.*r,  and  connected  with  a  good  oondi-nBinp  ar- 
rangement. Rise  of  tttniM-ratuni  must  Iw  cnrefully  avoide<l.  The  priMlni't 
of  thtH  op«Tation  is  a  pale-ydlnw  volatile  litjnid.  hnving  nn  exceedingly 
agreerihlo  (Mor  of  apple!* :  it  bolls  at  1H.40  C.  (Ul.IiO  K.),  mid  liAi  a  denidty 
of  U.^47  at  150  C.  (51K:>  V.).  It  is  dewmpoeed  by  potash,  without  aarkeiw| 
ing,  into  pfUflSfiium  nitrite  and  alcohol. 

The  jnrw(  Kpiritn  of  nitre  of  pharmacy,  prepared  by  distilling  three  pounds] 
of  alcobnl  with  four  nnnceH  of  nitric  acid,  it*  a  solniioit  of  nitroui  cthur|| 
aldehyde,  and  several  other  Bubutauues,  lu  spirit  of  wlue. 


Ethyl  Sulpbatea.—There  are  two  of  those  elhert,  analogous  to  thij 
mettiyl  siilphattm. 

Anti  Fthvl  .^ufphnf^,  Fthylmlphimr  aeitf,  or  Sulpftorhir  nciH,  r,n,.''0, 
C,H5.0.S<\H  =  SO/0f',H.HOH)  =  SO,(C,H^)H.  which  ba»i  ihecon.pjwltum. 
of  sulphuric  acid.  SO^II^,' with  hiilf  the  hydrogen  replaciil  hy  ethyl,  l«< 
fonn«-d  hv  the  action  of  Hulphurlc  acid  upon  alcohol.  To  prepare  It.  strung^ 
rerlifled  spirit  of  wine  is  mUefl  with  twic^-  Its  weijrht  of  eoneenlrat.Hli.iili 
phnric  arid:  the  mixturft  is  heated  to  its  l»olHnc  p<ilnt,  J"»d  then  left 
cool.  When  cold  it  i«  diluted  with  a  large  quantity  of  water,  and  neutral-i 
iieil  with  chalk,  wIhtIiv  much  calolnm  sulphate  Ih  preKluei^d.  The  ntiiita. 
Is  placed  upon  a  cloth  filter,  drainini,  and  pressed  ;  and  lli«*  olear  «»liit! 
is  ev«p«init(Hl  to  a  KniriU  Inilk  by  the  heat  of  a  water-l»iith.  filtered  fnuu 
little  sulpliat^,  and  left  to  crystaUiae;  the  produnl  Va  calnunv  *aK»j\toXvV 


mL 


MtW 


AVCOUULS   AND    ETHERS. 


l>iii> 


It  vrjiiUlB,  oont&inmg  Ca<C^^),(SOJ| 
Mfc  v^maX  w«i^bl  of  cold  water,  and  cfflortace  ii 

1  '  ',.UII,0,  eqnallr  solable,  and  still  _ 

ii>-^ii(titiiig,  in  the  above  prwx-jw^  bariu. 

M«  -.all  Ihu  acid  may  hv  procured  l>^  uxactj 

Itlulx  HUlphurii!  acid,  aiid  KvajHirating  tl 

>•  lit  till*  t«uij>eratur«  uf  th<;  air.      It  (onoM' 

I  4utplitiHo  a^^id  cannot  t>c>  rcot:>^nixrd  by  t| 

\  fiwily  dr-ouiiijKKit'd    by  heat,  and  t*vru   I 

I  tin*  air-|iuiii|).     ^11  tltu  t^tbyUulphateK  ai 

^     oiiipuHfit  by  Imiling.     The  UmUmtt  nvciiibli 

XXw*  fHtttifiAium  mlu  K((\Hj)t>t), — «.<a£it;r  made 

ivUiilpliat<'  wltli   {M>ta«?tiuiit  i-nrliuiiatc<— i;)  auhj 

iiir,  vnry  soluble,  and  cryutallizt;»  wull. 

(.to  dlMilU'd  wixli  alroug  Hiilplitirio  aold,  y\«i\ 

iulphurio  autd,  alcohol;  and  irith  strung  acul 


..    »*«imvrlu  vtUi   ctliyUitlphurio  acid,  will   b«  dctfcril 
iv  vlUtin. 

'I  KPO,.  or  SO  (OCiH^).,  is  forracfl  by  posali 
mlo  i^t-rfi^-'tly  Juihydroii.s  ftbt-r.     .A  synipl 
.11  «liAkrM  with   4  volumrd  or  water  and 
'  tnv>  Isyt-r*.  (In*  lower  containing  uthvliiul 
■<>n»iH>nn-li«,  wlilli-  the  upptr  layer  cotisist 
\\\sy\\  t«(  noiitml  t'thyl  aiilplinle.     At  a  };«^ntle  hiwit  l] 
1    Slid  llii«  ollirl  niilphnto  rouiuinii  vm  a  culork«&8  liqui( 
W  4uulti\l  wtlluiUI  di^txtiupiiailiuu. 

.\,U  iihturldc,  8tX'i„  or  of  sulphur  dichlorldo,  S,C1„ 

•       f  t(tVt«.OII)  «  2nCl  4-  SO(OC,Hj), 
»    «<l\ll,.UH)  ..  (:,H..SII  +  2UCI  +  SO(OC,H0r 

■Vvwim*  ^^^mrt|   In  the  last   rtiootion,  auffors  ftuiht 

I"  I.  strong-smelling  liquid,  having  a  irptsrlQi 
»t  ItilOf.  (321.SOF.),UotN.n.p.^d  by  wat( 
'  •   'ii'ld.      With  i4tii»i$ht>ruM  pfMlarUmitU  it  forii 

ki»»*uc.rio  with   olhyUuiphoDio  cUloridc),  wbi< 

">d  Is   decomposed   by  water   into  alcol 

"U)i  arid. 

^^1  with  nn  oquivaUnt  quantity  of  potsasiui 
•".vntulUiie  seftlu>!)  aro  rurujfd,  uunsiiitiug 

">«y  bo   ri^ardvd  as  the  potassinm-eaU  of 

with   iHhyliinlphimir  add.     Tli**  aquMiua 
'*•   wp   into  |Kita±>&tum  Bulphito  and  elliyl 


'  .*L'*0,.OH,  formed  by  the  artinn  of  ethv- 
u-,..-.  .viiutt  ai^iOtit*  (p.  554).  is  a  thick  orystalUiablo 
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liqaid,  which  is  oxidinnl  by  nitric  urid  toethyliulphorioacitl,  SO,(r,II.)H. 
Xi»  irati-siilt,  ((-jM^.St >,),!*!),  cr>itla!lijt.'s    in   easily  Boluhl..    Inmiu«.     Ths 


y/fc  rtJtrr,  C 


.IK*,!!^,  Itkewise  obU,in**4t  hy  hciittiig  silvfr  Hiil[ihit« 


4 


1th  rthyl  i<Hli<l»*,  is  r  Ii<|iiiil  having  a  BpecUIc  gravity  of  1.17  at  0^,  and 
ling  at  20HO  ('.  (406.4^  F.). 

Tht!  cMoritie,  C,Il5.S<\CI.  is  «  liquid  ImiUng  at  173°  C.  (343.40  P.). 
flitiyrrtftylxuf/Jumic  acitl,  C,II,(T.90,.0II,  (g  proilucH  hy  the  actiou  of  phos* 
phorus  p4'n1achloride  on  isi'thlouio  acid,  C',11, (OH). 80,11. 


BthylBulphlnlo   Acid,    CjHj.Sn.OH.— Thr   xino  i«nlt,    (C,n^.&0,)gZn, 
nii'd  l<y  the   nctiuii  of  bulphiir  dioxide  on  iino  cthidn  (p.  dCtti),  cry»(tnl' 

tfs  in  shining  laniins.     By  t>xidatiun  with  nitric  aoid,  the  ooid  is  con- 

trUsi  Into  eihylsulplionic  arid. 


Iprn 
V.  ZSthyl  Phoaphates. — Tlireo  ethyl  orthophoephatM har««  h<^n obtainoH, 
twti  acid  and  uitu  iieulral,  anolu^uiui  in  ouiupubitiuu  lo  thu  aodiani  phoii> 
phat*rs  ;  aNn  a  neutral  pyriipLi'K«phatc. 

MonrthyUc  iftotptioie,  orAVAy;.A/».7.A«n>anV/,(CjFlj)H,I*04,  or  iVOy"(j[)C.^\\{) 
(Oil),,  alsu  called  Htmphovimc  ariit. — This  acid  i»  liili>a»io.  Its  barium  salt  w 
prepftfwl  !iy  heating  to  62^  C  (17'J.60  F.)  a  mixture  of  v^nal  weights  of 
strong  alruhol  anit  syrupy  ptiosphoriu  aeid,  diluting  tliia  mixture,  after  a 
lapHi^of*^  hours,  with  water,  anil  neutralizing  nith  L4iriumcarl>unat«.  The 
Boiution  orethylphoftphuto,  separated  by  flltratiun  from  the  in.stiluhlnphoH- 
|>ltat*r,  \a  ovR|H>rnti'd  ut  a  TiKxIernle  teiiiiM'rature.  Tlte  haU  cryBtallileB  in 
hritliant  hexagonal  plnti-H,  which  have  a  pearly  lustre,  and  are  mort* 
sojubluin  oold  than  in  hot  water  ;  it  ditwolvoB  in  15  parts  of  water  at  2i>^  C 
(6«^F.).  Tho  cryitals  wntain  (C,H,)Bai»0,. 011,0.  From  this  salt  the 
Otiid  may  be  obtaiiiixL  by  pri-eipitating  tho  barium  with  dilute  aulphurio 
OQid,  and  evaporating  the  UltertHl  liquid  in  the  voiruuiu  of  the  air-pump  :  it 
fomis  acolorleHM,  syrupy  liquid,  of  intensely  sour  laHte,  sometimes  exhibit- 
ing appearances  of  crystallization.  It  is  very  soluble  in  water,  alcohol, 
and  ether,  and  t^asily  ilHe^tinjHisi'd  by  ht^at  when  In  a  cone4*utrate<l  state* 
The  ethylphospliat(«  of  caleiunt,  silver,  and  lead  are  but  slightly  soluble  ; 
thi:>SH  or  the  alkali-metals,  ma^ne*4iuin,  and  strooLium,  are  freely  soluble. 
IMfthj/iic  Iltotphate,  or  JjirlAj/tphoMphtiric  rtriW,  (<:',lj,),,nPO,,  or  (PO)'" 
(Or,l|j)j(<)II),  is  a  monnhosio  aeid,  nhtaii)»l,  together  with  tho  preowling, 
by  the  aeiion  of  syrupy  ph<»sphorie  acid  upon  alcohol.  Its  barlnm,  silver, 
and  lead  suits  ar<^  morp  s^dubietlinn  the  methyl  phosphates.  The  calcium 
'  "All  (<*iHj.Ca(PO,)y,  and  the  lead  salt.  (C,Hj),Pb(PO^),,  are  anhy«lrous. 
/ViWAy/ic  1%'nphUr,  (CjHi.),!'*!,,  or  (1'0)"'(0C,II4),,  is  oblaiuiM  in  »mitll 
quantity  by  heating  Hie  lead  salt  of  diethylphosphorir  aeid  to  KHW  ;  moro 
easily  by  thu  action  of  ethyl  ]<Mli<|e  ou  triargentio  phosphate,  or  of  pho«- 
phorua  oxychluride  on  sitdium  ethylat*  : — 

3C,HsONa  -|-  (PO)a,  «■  SNaH  +  CPO)(OC,Hi).. 

It  is  a  limpid  liquid  of  specific  gravily  1.072  al  120  C.  (53.6^  P.).  hoiUng 
at  215'^  C.  (4H<'  F.),  soluble  in  abohftl  and  ether,  aud  also  lu  water,  by 
which,  however,  it  is  slowly  detxtiiip"*e<l. 

TclrrthifiU'  J'tfropho»ftfiaU,\l\\i:,)tVJ*.„  produeed  by  the  action  of  ethyl 
iodide  on  argentic  pyropliosphale,  is  a  viscid  liquid  of  spe^'ifio  gravity 
1.172  at  17^  C.  ii}'2.iP  ¥.),  decomposed  by  potash,  with  formation  of  potas- 
aium  diethyl-phospltate. 

Ethyl  PhOBphltea. — Symmetrical  Tn'tUhyl  Bt09phitf,  P(0.r,n5),,  formed 
by  tin;  intion  of  phof^plmrus  trichloride  on  ethyl  alcohol.  l)oils  at  If  I' 
FtfiylfJionjihntiif  ttnti,  (f*,H^)l*0(0!I)^  formed    liy  oxidation 


I 


i 


ethylphesphine  with  nitric  acid,  is  a  solid  Ixwiy  molting  at  440  C 
P.)  (p.  555). 
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Sthyl  BoiatM.—  TriWAWiV  DanU*,  (C,H^),B(\,  la  fonDed  Igr  Um  tistlon 

of  ifkHvu  Viivlilortao  ou  alfwhii] : — 

SC,H»(OH)  +  BCl.  -  3UCI  +  (C,Hj),BO,  ; 
aIao.  togrnthrr  with  uumvthjrtio  bor»t«.  hy  heating  boric  oxide  with  ftlatK 

It  u  ft  Uilu  llinpiil  ti^uid,  of  -  ' '  ■  odor,  spe«ifir.  graril/  0.865, 
Uilllug  hi  UtfOO.  ('i4t!.:^>  F.>,  .1  hy  w.Ut,      Iu  aloohoUc  mIu 

tiitn  Imriu  «Uli  «  tfi^^*'*^  tt&im',  il.;  ...  ,  l  i:  a  thick  sniokc  of  lioru'  ncdd. 
Troftlrd  with  fiui-ithvl,  il  ylvMs  bori'th^-l,  IKC,IIJ,  a  cvIorlcM, 
mubUo,  puiifcoiit,  (ipMntaiKHmKl/  inflaiuinnlklt^  liquid,  having  a  »p«oifl« 
gtjivll.r  at  O.tn^ti,  aud  U'iUiig  at  960  c.  ('J()30  ¥,). 

MtMHkifUc  lionitw,  (',11^1111,,  tji  a  iliMiAi*  iiiiidorous  liquid,  having  at  120^ 
til"  iNiuoish'iiet-  i>f  oil  ni  vitriol.  It  aiiiiiut  be  distilled  without  d«>coiupo- 
aitinti.  N-ing  ri'vdvod  at  high  loiuiwinturiv  into  irielhytio  borate  and 
inoui'th^Uo  lrlU»ral«,  CjlI^BiOj,  or  CjU^UDj.B^O,  : 

4(t',lL,)B0,  «  (C,H0,BO,  +  (C,H,)B,0,. 

The  lattor  remains  as  amaiw  refienihlinf;  gutn-arabie  :  it  attracta  moistniv 
fnitu  the  air,  aiid  bocumi.<fi  covered  with  a  cruttt  of  boric  acid. 

Ethyl  SlUcatos.— TWretAyie  Silicate,  (C,nj),SiO^.  or  Si(0C,H5)j,  U 
prviuced  hy  truutiiig  ailicio  chloride  with  a  small  quantitjr  of  anhTdrona 

alouhul : 

4C,HjOH  4-  SiClj  =  4HCI  -|-  SiCOC.HJ^. 


Ifl  a  eolorlMB  liqnid,  having  a  rather  pleasant  Hhereal  odor,  and  atmng 

piKT.v  tautt' ;  8p*?ciftt-  praritj  0.933  at  2<)0  ('.  (tibO  F.).     It  Iwiils  wit)iont 

fcompoaition  Iwtwt'en  Uib^  and  18i)0  C.  (321K>  and  33(l.80  F.).  and  wh«n 

8t*l  un  fln*    l>urns  with  a  daxzUng  flame,  diiriie>ing  a  whit<>  suioko  of  finely 

dirirled  nilioa.      It  is  dL*corapo«Hl  slowly  hy  wator,  quickly  by  ammouia 

and  the  fUxfai  alkalftMi. 

Siliclo  ethers  cvintnining  ethyl  and  nkethyl,  and  ethyl  and  amyl,  hKw 

likowiBo  beun  obtained. 


r  Elhjflic    Thio-alvtihol  and  Ethers, 

Bthvl  Bydroaulphlde,  Etbylio  Thlo-alcobol,  or  Mercaptan, 
CjlIjSH,— This  cuiiiimuiid,  the  sulphur  aualog^uu  of  ethyl  ahioliol,  is  pro- 
dncod,  analngounly  to  methyl  hydmaalphide  (p.  562),  by  the  action  of 
pntansiiim  hydrosulphide  on  calcium  ethyUulphato.  A  solution  of  oauatio 
])iitn!dh  of  apwific  gravity  1.28  or  1.3,  is  satiirattKl  with  siilphoretted  hy- 
drogt-n,  and  mixt*d  iu  a  retort  with  an  equal  volume  of  solution  of  calcium 
ethy1su1p)i.i.t«  of  the  same  density.  The  retort  i»  ctinnect»Hl  with  a  good 
cnnilenscr,  nnd  hi'at  is  applies!  by  means  of  a  bath  of  sftlt  and  water. 
Mercaptnn  nnfl  water  distil  over  togetlier,  and  are  easily  Beparate«i  by  a 
tap-funnel.  The  produ».t  thu8  obtaini*<l  is  a  colorh-sti,  limpid  liquid,  of 
speeiflc  gravity  0.83^5  at  21^  C.  (69. 8-^  P.),  slightly  soluble  in  water. 
easily  mincible  with  alcohol.  It  lioilp  at  3(P  C.  (96.80  p.).  The  vapor  of 
mercAptan  haa  a  moAt  intolerable  <Klor  of  oninnn,  whirh  adheres  to  the 
clitlhej  and  person  with  groat  obstinacy  :  it  is  very  inllamuiai>le,  and  buru4 
with  a  blue  flame. 

When  mercaptan  is  brought  in  contact  with  mercuric  oxide,  even  Id  tha 
eoidf  rjolent  reaction  eusuoi,  water  ia  formed,  and  a  white  substanoa  ia 
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limduccd,  soluble  in  alcohol,  uid  Bvparstlng  from  that  IJqnid  In  dixtiu 
Rr/i*tAlfl>  whith  cxmlAin   H^CSC^H,)^.     This  compound  U  decompoflud  by 
Bttlphur*'tt**d  liy<lrogpn,  mt-'reurie  Hulphide  lietug  thrown  down,  and  nier- 
rtan  fjirixlticvHl.      hy  oiiding  Hi>luli<in»  of  li'Oii,  cnp{:rt>r,  silver,  nnd  gold 
jk  aliN'holic  iH>ltition  uf  Dii'rcaptnn,  c<>rrehtHiii<liit^  L^fiupouiidB  ixmtai 
UnnM'  iiiclnU  arc  furni>Hi.     Cauitlic  prttiiah  pniduoii  no  vOvlX  upon 
tnpUin,  but   jMnaHaium  displart.'^  hvdr(>9>'n,  and  i^ivett  rtsu  to  a  crv&t 
lizablu  ooDipouuil,  C^H^SIk,  wiluble   in  watvr.     Sodium  acta  in  a  aimii 
manner. 

Sthyl  Snlphldei. — ^Thrf^n  of  tliHm*  cotupDunda  have  txH'n  obi 
ana)i>^ttii<i  m  i MiniHiitiiion  to  tb^  tnrth^l  nnlphidt'it,  and  pnxlticiHt  by  ^iuiilar 
rnnctious.  The  monoKuljJiuir ,  (CljHsJgS,  or  t'jHjS(',Hj.  ia  a  tulorUnJs  oily 
lt(|uid,  harin)C  a  vi-ry  pungent  alliac«'OU8  oilor.  a  s|M.<i-iflc  gravity  uf  0.^25 
at  20O  C.  0><^  K.),  and  bulling  at  91'-^  C.  (190. feO  K.J.  It  is  very  inflamma- 
bb_*,  and  burns  with  a  bluu  llauu*.  When  p(>urt.M|  into  chlurino  gaii,  it 
takpa  tlr»  ;  tiut  whrn  dry  cblririiit;  is  jklsh***!  int<i  a  flank  containing  it,  not 
at  llntt  into  lh<;  liquid,  thf?  vtissfl  Iwing  kt'pt  ctxd  and  In  tlu*  shadr,  aub- 
atitutian-produrln  are  fonued  and  hydrcx:hloric  arid  im  cupion.Hly  evolved 
Th«  prtpducl  consititflcbiffly  of  d  i  eh  lor«'t  by  lit?  iiulphidt',  (rjU4Cl),3» 
If  Ibe  action  lakfs  plncu  in  ditl'uHtMl  daylight,  and  without  cxtfrital  ooot*] 
ing,  Ibif  ouniiK>und«  (r,ll,('l;,),S  and  (t',lll'lj)^  an*  obtaine<l,  wliirh  may 
Ik^  9i'paral4^l  by  fractional  distillation,  tlw  lirst  Ixdiing  between  IWf^  and' 
liflOC.  (371!.3-^77.*P  v.),  tbo  fiut-imd  Utwwn  2I"0  nnd  222C  C.  (422.(> 
431. (P  F.).  The  action  of  chlorine  on  ethyl  aulphifb*  in  aunahint)  yield*' 
A  more  highly  oblorinatvil  ^Hmipound,  probably  (CjClj)^. 

Ethtfi  btMuifihittr,  (C,Hj,),S,,  obtaint'd  by  dihtilliiig  (HjluaHium  bi»iulphid(i 
with  itotaasium  **lhyb4ulphat(-  or  with  ethyl  nxalato,  in  a  tMilorlfss  oily 
liquid,  v»'ry  inflaunnabb..  Iioiliny  at  I&IOC.  (303.^o  p.).  Tb« /r»«»/pA«/a, 
(l.'jll  ,)/*„  ill  a  hciivy  oily  liquid,  obtained  by  acting  in  like  manner  oil 
pulxts-sluiu  pfntObUlpliidi'. 

Trietbylsulpburoos  Compound!. — When  Mhyl  monosulphidp  and' 
«9thyl  ioaidv  are  hoate^l  t<i)i;etbt'r,  thi'y  unitv  and  form  sulpburouil 
iodoir  iuthide,  <C*,ll3>ii.(\Hjl,  ur  S'"(C,llj),I,  wbitU  cry«tallii«i  ia] 
nrf-dlffi.  The  same  compound  in  farmed  by  the  auction  of  ethyl  iodida  onj 
rtliyl  hydros ulphide : 

2c,n.i  +  c,».sri  =  HI  +  8(r,H.),i, 

or  of  hydn>gfn  Iodide  on  ethyl  mononulphide : 

UI  +  2ii\H^)^  s=  CjlIjSU  -I-  S(C,HO,I. 

Bolphuroufl  iodotri-'thide  iit  inwloblo  in  other,  fllightly  solnble  in  aloohol, 
and  cryuta]Iiz<*s  from  th<-  nolutiun  in  white  deliqueavent  ntx^dlea  belonging 
to  the  uiouoclinio  sy&tt^ui.     It  unitea  with  nK'talllti  cltlurides. 

Ethyl  L-hloride  and  ethyl  bromide  unite  in  llko  manner,  bnt1i>)Mt  readily, 
with  ethyl  sulphide,  forming  the  uompouuda  S(C,Uj),Cl  and  ii(C,H6),Br, 
bi>th  of  which  crystallize  in  needles. 

By  trr*ating  the  io<lino-comiH)und  with  recently  preclpltat*^  silver  oxide, 
a  strongly  alkaline  solution  is  obtained,  which  dri(«  up  over  oil  of  vitriol 
to  a  cryaiallinedtdtqufHcvnt  mann,  cnnHiHtiiigof  su  I  ph  n  roit  h  t  r  i»;t  by  U 
hydroxy  lace,  (CjH£),5<0H).  The  BoUition  of  thiH  sulistance  dia^olvui 
the  Hkiii  like  cauhtic  |Ktia!«li,  and  forma  similar  precipitati*!«  wilh  viiriouc 
metallic  salts.  It  n^'UtrulixcM  acidn,  foriuing  dffintli!  crystnlliznble  BaltS| 
e.o.,  the  nirnar,  (Cj,li^),.SC0NO,),  the  acttatf,  (C,Hj),S(CK;,H,0).  eto, 

Ihr.  function  of  the  sulphur  in  thes«  compounds  la  analogous  to  that 
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nitrogen  in  th«  uiimouium-componnds.  Nitrogen  (quinquivAleni)  foi 
wiLh  4  atuiiuj  of  bj^drogeii  ur  vf  hii  alooliol-radiclv,  uuiv»li*nt  rttdit; 
NM4.  N(<'ilU)tr  *'^^'*«  'f^liich  oornhme,  like  the  nlkali-int^ttili^f  witli  oblo 
tocliiiL',  hydroxylf  t'tc.  ;  and  in  like  tuaiiui'r  Bul{.<Uur  (qiiBdrivnluiit)  To 
with  J  uUjiuh  itf  uictliyl,  ethyl,  ett-.,  univali'iit  radiiluH  like  *S<C,Ui),  ( 
othrlHiiljiliiuc),  wIticU  alHu  cuuibiiie  wiih  ohluriiU',  hydi-uxyl,  vie,  lunii 
the  Hulphoniniu  cumpuunds  S'*(<-yift)»^ '•  =^*'(^',iii)j**H,  eto.,  thu 
hydroxult.'M  l^eitig  strong  alkaliuu  baiMiAj  likr  lrtrt*th^'laiuuiouiuiu  b^dru. 
(set'  \).  4h0;  ulbd  Amines), 

iiiiiuiiar  coujjMJiiiids,  euutiuuing  sexvaluut  sulphur,  are  obtained  by 
bining  t'lhyl  sulphide  and  othune  »ulptiide,  SCC^H^),  with  vtheiitMilbrtfUi 
thou; — 

8(C,HJ     4-     C,H,Br,   =      Ji>^tv"!I; 

l>iethvDr-«ult)hoalum 
dtbrumiue. 


B(C,H,),   +     C,H,Br, 


£thcnc-4licthyl-tutpboaluin 
dlbtooiitle. 


Analogous  componTids  are  also  formed  by  selenium,  e.  y.,  7WfM^j 
tfli  iodidf.,  6e(CH,)jl. 

Ethyl  TeUnride,  TeUurlo  Ethide  or  Telluiethyl,  Tl'(C,Uj),.— This 
t!Oiiipt>iii)d  is  obUiiifil  by  di^iklilliiig  jHitiiiiMiuiii  tL-llurido  uiLh  ]HjtA»rti'Uu 
eihylBulphat^ ; —  J 

TeK,     -h     2K(C,H4)SO,     «     2K^.     +     Te(r,lf,),.  1 

It  is  a  hflavy,  oily,  yellowish-reti  HquM.  very  inilamniabh%  and  having  a 
uidtit  iiilolt^rablo  (xlur.  It  urU  as  a  bivalvnt  railiclo.  unitiii);  uith  rhtnrjne, 
bromine,  oxygen,  etL*.^  lo  form  compounds  in  which  the  U^lluriiim  enters 
ns  a  tL'trad,  c.  (7.,  T(»(<^^^Hj),CI,,  Te(C',Hj)30,  utc.  The  nitrote  is  obtained  by 
treatinjj  ltlU^^e^hyl  with  nitric  acid  ;  Ih*  other  salts  by  doulde  denmiputti- 
tion  ;  the  ehlmitlr,  for  exampbf,  Rott1t«s  down  as  a  lieary  oil,  on  adding  by- 
drijc'hlofie  arid  to  a  solution  of  the  nitrHt4<).  The  oriJe  is  liettt  prepare<l  by 
trenliu^  the  chloride  with  water  and  silver  oxide;  it  dissolves  in  water^ 
funning  n  slightly  nlknline  liquid. 

B«lenio  Ethide,  or  Selenefchyl,  f^e(C,H|),,  prepared  like  tellureth 
is  also  n  fetid  litjuid,  exautly  resembling  tho  tellurinm  compound  in 
oheuiical  i-claLiuna. 


PBOFTt  ALCOnOLS  AVD  KTRRBS. 


It  lias  already  boen  observed  tliat  the  three-carbon  alcohol,  C,II|0,  b 
stuceptible  of  two  isomeric  modifications  ;  namely  :— 

CH,  CH, 

f  JCH,CH,  I 

CH,        or     CjH,  HCOH    or 

CH,On  CH-  ^^^ 

Normal  propyl  Rloohol.  Pseuunpropjrl  alcolioL 

'0acJi  of  which  tnAy  give  rise  to  a  corresponding  set  of  ethers. 


In 


CH, 
CH. 


mum 


PROPYL    ALOOHOL. 
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Tormal  Propyl  Alcohol  wm  diBcovenxl  hy  Chancel  in  1853.  in  the 
'1  oil  o(  till-  re^iilui's  loll  in  thv  distillation  of  brand/  frnui  wine. 

ma/  be  obtained  Bjotlieticallx  frum  eth/J  alcohol  by  the  following  8o 

of  |ir<»oi'«»i.'»  :^ 

1.  Kili/I  o.viinido,  C,H,N,  or  ClIjCHj.CN  Cpropftrtwi  b/  diHtilling  a  mix* 
tor«of  pnttusimn  <-_vai]id*«an(I  itotAAsiiuu  tHh/UiiI(>)iate,  |),027j,  iHc<unvi.Tted 
into  propjuniti  acid,  ('LljCtlj.nX'H,  hy  Ixiiling  wilh  ittrnng  cAuatic  pota«U. 

2.  A  uiixliire  of  tb^  caluiuiu  ^alta  i>f  prupi<inii:  and  rorniiv  acids  tfs  sub- 
J«ct**d  tu  dry  di«tilUtiou,  wheri'by  propiuuii.'  Ablchydti  in  obluiutNl : — 


CH,CH,.CO(iCa'     + 

04leiuin  propiun«te. 


H.C0OCa'» 
CulPliifu 
lormate. 


CjlCO, 

Caieluin 

OftrtHJDSlft. 


tlLfU-.rOH. 

PropfoDlc 
■   Aldehyde. 


3.  Thti  propit^niv  ald(,>hydn,  trt'aUxi  with  water  and  sodium  Anialpam, 
takvtf  up  2  ati-tiiu  of  bjrdn^gen,  and  is  couvurtvd  into  nuniiai  pr<ipyl  alco- 
hol: — 


I 


CH,CH,.OOH     + 


CH,CH,.CHjOH. 


Tho  ayricfl  of  prowi»»*««  jnst  dt^cril»eil  alTordii  a  pen^ral  method  of  buili 
ing  up  tliL*  normal  priuiory  aicobols  of  iliu  falty  pruup,  oni*  from  iln^oth 
Jl  ban  not,  liowevvr,  bvvn  actuaUy  carritsd  out  highur  Ibau  the  vix-carl 
or  hf*xyl  al<.-uhr>l. 

.Another  uit'thod  of  patiRing  from  ethyl-alcx>liol  to  propyl  alwhol — also' 
geiieralUy  appliuablu  its  u  mciliLMl  of  uyntbtmiN  uf  priimiry  ftlcubolit — \»  to 
oouvi^rt  othyt  cyaiiidB  or  propionitril  into  ]>ropyUniint-  by  ibo  nclion  of 
iiUHC4nt  bydrogen  (wator  und  hmUuui  amalgam}  and  tlir  ]>r<ipyltiniinf.  by 
the  action  of  nftrouH  arid,  into  propyl  nitril*-,  whlrb  m»y  then  bt  converl 
into  the  aleobol  by  distillation  witii  an  alkali : — 

CH,.CH,.CN    +     2H, 
Ethyl  eyaalde. 

2N0,H     =    2H,0    +     N,    4-     C,U,yO, 

Propyl  nitrite. 


CHj,.CIL.rH,.NH, 

PropylAoioe. 


Propyl  A  ml  ue. 


Norm.%1  propyl  alcohol  i»  an  oily  liqnbl,  boiling  at  flfiO  C.  (204.^  F.), 
and  baving  aHiK*ciIlc  gravity  of  CliSfHJ  at  i^,  Ky  oxidiintion  with  amiittur« 
of  sulphuric  add  uml  jMJtasfium  dii.bromalc,  it  is  wnvertwi  into  propionic 
add. 

Xormtt  tmm^i  chloride.  CJI/'I.  l)«ilB  at  4«.1>0  C,  (115.7°  P.);  the  btomtde 
at  700-710  c,  (ir.HO-irjil.SO  p.);  thr  ioffUif  at  Ittto  C.  (215.(PF.);  the 
arifo,  (0,n,)A  at  hr.o_8(iO  r.  (18r.'^l8(i.«^'  K.)' 

Paendopropyl  Aloohol.  '>r    Secondary    Propyl   Alcohol, 

CH(CH,),OU.— This  alcohol  is  propiiri'd : 

1.  Fmra  arrtone,  (f'0)(rH,),,  by  diriMit  addition  of  hydrogen,  evolved 
by  the  a<7tiou  of  wati-r  on  sodium  amalgam  : 

V       +     «.    -       V     • 

CO  HCHO 

This  m«Klo  of  svntliwip  aflTortU  <lir*>ct  proof  of  thn  C4jnstit»tion  of  pscu- 
dopropylic  ab.>ihol,  ibo  addition  r.f  thi*  two  hylrogcn-atoms  bring  ^anta^^ 
i»innt  to  tb*«r«plac!<-incnt  nf  ibe  bivalent  radlclo  oxygen  by  lh«  two  moiM^H 
tidtcleB,  hydrogen  ar.d  bydroxyl.  ^| 

•  For  th*  nAke  of  ■Impllclty.  the  equivaleat  (90)  of  oalclum  !■  o«ad  lo  this  equa- 
tion. Initead  of  the  atomic  weight. 


i 


SS0 


rxTTT  amvvr:  ALMiaoL^  a?id  stocks. 


P 


uf  u.>«liue  and    ph 

and  from  eiilit-T 
bo  with  poljwh 

Uqaid,  hK\'ing-J 

'    '"■'-- at 

).     Il4«««  M^actco  po4a  ^    u     U 

•»4il7»  ^  it  nuXTtt  mkik  wmMmr  m  «il  pcvpurtious,  and  foi 


!  tttt  MaW*  hT.lritff»,  rU..  3iyi,0.2H,0.  boili 
boiUB«  al  &4»0  C.  (I7GC  F. 

<•Xftt^tte  •   v<-r«  ^K«v  mwHMri.4aw  u>  vtl(T|  «l«o6ol,  liait  thr 
■awymtrtiia,  MbUMwrte  Ik* mom  WMpoMarr.  and  hkt 

of  KjntratiMi «»  •bsliAair  t  >  .Lv<««  xiot  •v«««kui(*tk««biit«  cuUir 

uiKr^ioiu  iMiprfai  sulpha-  Tli«  readiwt  nod*  of  dbtiii^uLsli 

b»t»iKU  this  hyd'^^  ^"^^  rikivl  alcitbnl  b  ta  tuUuit  th»m  to  the  acti 
«f  tadtng  and  pKoi^pltoru*.  wbtwbr  thu  fonuft  u  uoavertvd  into  p«vui 
pfu}ivl  !<>■  'ihrl  iudidtf. 

The  •  ^    of  pMMt«lapn>pTl  aloohul  is  thiit  St  ^l«l 

mae%one  o*  'vxiiiumii  vmu  .inute  ohromi^  aiTsd,  tku  transforuiation  bt!tn| 
rvrtFnw  of  ittal  b/  which  il  is  itftKluced  : 


V 

HCOH 


O         ^ 


H^C  OH, 

V 

CO 


H,0 


On  pushing  the  (ixiilation  furllicr,  the  aeetone  broilka  up  inlu  aoair  aci 
o&rboD  dioxid«),  and  wat^r: 


CO(CH0i 
Acetone. 


+    o,    « 


co(cnj)OH 

Aoetw  acid. 


+    CO,   +    11,0. 


The  «rolution  of  onrhon  dioxido  in   this  reaction  affords  a  further  di«tiD( 
tion  butweon  hyrlrat^'d  pscudopropyl  alcohol  *nd  elbyl  alcohol. 

Tbo  forinfttit»ti  of  a  kvtuiiH  hv"  oxidation  is,  as  alrrailjr  ubatirvM,  the 
Buntial  t^huractoriDtio  uf  a  mn^^Jiulary  alcohol,  and  u  an  itumcdiato  oonao-'J 
4Utfiirt*  of  itti  titruiiturt*  (p.  r)jH}. 

l*ft('U>lopropyl  nlooliol,  hoatint  with  acetic  acid,  or  with  pota-SAium  aretat 
and  flulphurit:  acid,  is  convurtod  into  jutaidoprop^l  acetatt^  CUCC'lia^sOC',!!/ 

PiiRrt>opRopTr<  loDtDB,  CHCCFIa)]^  la  most  conronlentl/  praparn)  by  tl 
aution  of  hydrioiliu  ai^id,  oonounirated  and  in  Urge  exeesa,  on  glyovr 
(projK'n/l  alooliol)  C,H,0, : 


4-    6HI 


+     3U,0    +    21,. 


Tho  irhiino,  na  fast  ait  ||  in  hi'1  fh»<»  by  lh«  n'nctinn,  may  Iw  reconverted  Intflr^ 
hy4ri<Hiiy  aoiil  by  iihmus  of  pho^phortitt.  and  will  then  Ix*  ready  to  art  npon 
anotlior  ixirtiun  of  i;ly<'.«Hn.  Thi'  io.1idc  may  also  be  prodiiettl  by  the 
aotlon  of  bydrioHii-  nAd  on  piieodopnipyl  alcohol,  allyl  iodide,  CjUjI,  pi 
|KMiM,  or  propfiiM  alnolio]. 

IW'u.lopmpyl  lodidi-  is  an  oil  hoiline  nt  8«iO-noo  r.  (17tf^I{>40  P,>,  an^ 
having  n  npiioifle  prnvity  of  1.7<*.     With  it')tiiiim  in   presenco  of  uther 
yiidda  propim*',  prt»pjine,  and  di-i.Hopropyl.  <\Mn  (p.  500).     BroiniHt  exp«1 
tliH  iodinii.  nnd  fornis  j«cudoy»ropyl  bromiilH. 
/Jr  trt'/tttiuuiX  wiih  niiir  ntid  bydroiM  >nr  :\r\i\,  wbtch  mrolTM  hydrogen^ 
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mdopropyl  ioftiiln  is  cuui'ert«<l  into  propane :  C',H,I  4-  H,  nr  HI  4-  ^i^t'< 

.1.  .M.<,   cx|t«MtL^l  to  tliti  Htftiun  of  i:ltlorino  in   dittuKotl  di>yll)j;ht,  io 

rtvd  iiito  uoriital  prop.vl  cUInritli; ;  this  cctrnpouuil,  heaU'd  wUli 

M-«-tut«  anil  strung  aovtio  aciU,  jioUU  uonual   propyl  iicvLiiU} ; 

il  Uir*  UlUT,  healed  witli  potAHh-lyu  lu  st'slMl  tulic'^,  yuddH   normal 

Topjr  \   aluohot.     Tht*  serie*  of  Tonctionb  afford*  a  genrral  tnrLhod  of 

>nv(<rting  a  aecoudarjr  alcohol  into  ihti  correft|>oiidiiig  nortnal  primarjr 


TSTBTL  OB  BPTTl  AbCOIlOU  AXS  ETUBB8. 


Thoonr  indicatrs  the  exist^-nw  of  four  alcohnU  inclndi'd  in  Uio  forniula 
iUfJJf  twu  prmiury,  oiin  m'condary,  and  one  tertiary;  thus, 


Prli 


CH, 
<  H, 

H/:ou 

Propyl 

onrbtnul. 


HjCOH 


SecoDiliir)', 
CU, 


CH, 


M«thrl-Hh]rl 

flUUiOUl. 


TertUry. 
I,C      CU, 

I 
CIL 


Trlmetbfl 
aartiiuul. 


Propyl  Carbinol,  or  Normal  Butyl  Aloobol, 


(CILCUXIL 
.  r  I II  .— Thia 

(oil 


tau 


m 


alcohol  la  obtained  from  butyl  clilortde,  C\H|ri  (prodtiovl  br  the  action  of 
chlorine  '«n  butant;  or  dii'thyl,  C,H,g),  by  hc'tttiii};  that  chlnnil"  *vith  potaa- 
Kiuin  at'ftattf  and  iitrong  ai-utic  ncid,  uiK*r<<by  it  i»  i-oiiviTt(*d  inUt  butyl  aoe- 
late,  and  treating  ihat  comjMmml  with  barium  hydnilts  It  may  alRO  bo 
par«fd  fn>m  nuriniLl  prupyl  alcuhul,  in  iho  ttaniu  niunn(*r  tut  th>?  lattiT  in 

taiuMl  from  nth^l  alcohol,  viz.,  by  iuo<:4itt«iv«»  i'«)nverAi<»n  into  propyl 
cvanidt)  ur  butrronitrit,  C^H^N  or  niL(:H.('H..C>',  normul  butvric  acid, 
CUjL^ll^t'Us.aXMI,  butyric  nldrhyd<«.  C'll,('H/'H,.COH  (prepared  by  boat- 
in^;  n  mixturt*  of  tbf  rab-ium  ttultd  ot'  butyric  nnd  fonnio  aciiIm),  and  finally 
into  the  alvoljol,  Cll,<.'lI,ril,,<Mlt<>H,  by  iho  ai^tiou  of  naBceni  liydrogon  on 
thu  aldehydtf  ;  or,  lastly,  by  cHjnvurting  th«  butyronitril  intu  biitylamine, 
C,H,,N,  the  lutt^T  into  but>-l  nitrite  by  thu  action  of  nitroua  acid,  and  dla- 
tiUiiif;  lht<  nitrito  with  an  alkali. 

Normal  but.vl  alw.hol  Ixnls  at  1150r.  f2;i;tO  K.),  nme\\%  lik*  isohntyl 
aloohoU  is  mnoh  Il^iiliT  than  watur,  *ili(;hlly  Holuble  therein  :  with  iodine 
anil  pbfwphnrua  it  ylclild  normal  butyl  ii>did«,  bnilinjt  at  1270  *".  (2tMl.i;0 
K.).  Oxidation  witli  dilut«  chromio  acid  oonverta  it  into  normal  butyrie 
acid  CH,{;H,('H,.cmm. 

Xsopropyl  Carblnol,  or  Isobatyl  Aloohol,  C  <  IT,  .—This  ra- 

(iill 
ji««ty  of  primary  bulyl-aU'cibol  was  found  by  Wurtz  in  the  fuAcl-oil  ohtalnod 
~iy  fermenting.'  the  niobi^txi**)  of  Iwet-rix^t  sugar.  To  8t»paral<»  It,  thl«  oil  is 
ubmiUi-Hl  to  fracliimal  distillftlion.  and  lh«  liquid  boiliuK  Iwtween  108°  0, 
(22t>.4<^  F.)  and  UHO  c.  (244.4-^  P.)  is  ropi'at.vltv  rrM'tillod  orer  poiaMium 
hydroxide,  till  it  boils  constantly  at  llOO  C.  (2;U>0  F.>, 
Pure  isobuiyl  alcohol  ia  4  poIofIbss  liquid,  haring  an  odor  Boinewlii.tl!aL% 
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Methyl-ethyl  Carblnol.  or  Seoondar/  Butyl  Alcohol,  C 


that  of  Rinyl  aloohol,  but  less  pnng^ut,  aii<1  mora  rinons :  specific  gnvity 
—  0.8i.ta2at  1H.50C.  («5.30  K)-     It  dissoivt^  in  10^  times  iU  weight     ^ 
WAlti^r,  aUii  i£  separated  therefrom,  aa  au  oil,  hv  calcium  chluride,  sodioi 
cbloridt<,  aud  utli«r  Mtluble  biiltM.     By  oxid&Uuu  it  id  Douvtrted  iuto  isoba- 
tyrin  lu-id,  CH(rH3),.C(K)H. 

Isobutyl  alcohol  ia  acted  upon  hy  acids  and  other  obemiral  rcagPDta^_ 
mueh  in  the  same  maiiuor  iu  ootinuon  alcohol.  With  strong  mffihunc  nrid^^ 
it  /ields    isubui/l-aulphurio    acid,  (C^U,)USO^,   if  the  mixturH  ^^^1 

kept  ouul,  but  on  heating  the  liquid,  ioubuteoe,  t{  i;^  CZ1CH„  is  given  off 

miX4Hi  with  eulphuroufi  oxi<)e  and  enrlkon  dioxide.  Heiited  with  h^rmklnr 
acid  iu  a  tienled  tub«,  *ir  IreJile*!  with  jt/imftjtorus  pentachhride  or  (Wjfciihndt^ 
it  is  (lonvertcd  into  iHobutyl  cbluriilu  or  ohloro-iRol>u  t  nn  e, 
(C'H,),CU — CHjCl,  ui  etliereal  liquid,  having  a  pungent  odor,  and  boilin| 
at  7t>^  C.  (1580  F.).  UobaLyl  bromide,  C.ll,Ur,  obtniued  iu  likt 
luuuner,  boils  at  m>or.  (192.2^  F.).  tho  iodide,  rjlsl,  ot  r,2loc.  (249.1 
K.}.     The  iodide  is  decuiut»ocii5d  Uy  |K>tai>sium  or  Budiuui,  yielding  iiiU-oo< 

(CU^CH— CH,. 
tauttur  iso-dibatyl,  I         a  liupid    liuaid,    lighter    Ihi 

(Cll,),cn— *'H„ 
water,  and  boiling  at  U'OO  C.  (221^  F.).    Th«  Bame  hydrocarbon  ia  ol 
taineil  by  the  oleclrolysis  of  ordinary  valeric  acid,  C.n„0-. 

(  CH, 

[  on 

Thtd  alcohol  is  obtained  from  erylhrite,  a  Baccharine  sutiatance  having  tli« 
eompuMitloD  of  a  tetratuiuic  alcohol,  CjUigO^,  or  C,H«(OU)|.  The  erythrile, 
distilled  with  fuming  hydriodic  acid,  yit-Mri  uietliyl-ethyl-indoiuethntie,  or 
aoeondary  butyl  iodide,  CC-'UjXt^'jH;,)"^  »"'^  tl'i^  litiiiitl,  treated  with 
niuitit  silver  oxide  is  oonverleii  into  methyl-ethyl  uarl>iiioI  ;  . 

C(CH,)(C,Hj)ni  +  AgOH  «  Agl  +  C<CH,)(r,nj)IIOII.  -f 

Mclhvl-tfthvl  carbinol  Is  a  colorlwts  oily  linnid.  having  a  strong  odor  and 
burning  taste,  a  sperillc  gravity  of  0.«.'»  at  OO,  and  U.iliiig  at  OfiO-it^Q  C. 
(2030-208.4^  F.)  (about  2*.P  C.  (3«o  F.)  low*^r  than  llie  normal  primary 
al.x>hul).  Wlieu  heate«l  at  25tiO  C.  (48'JO  K.),  It  is  for  the  moat  part  re- 
solved  into  wat«r  and  biilene  :   f^H.^O  ^  II^O  -i-C,il„. 

Mflh^lrfhtflindftmrthanr.  or  Sf^oniLrj/  lititjfi  ioditlf,  preparM  aa  above 
by  the  action  of  strong  hydriodic  acid  on  the  aleohol,  i»  a  liquid  bavins 
pleauanl  ethnrt'al  o<ior,  a  flj>eeific  gravity  of  1.(532  at  l**-',  l.ti(K)  at  2(0 
(tirj  v.).  and  1.584  at  3*K)  C.  (StJO  p.).     It  UtiU  at  1180  C.  (244.4^  F.). 
nrnmine  deoimposiw  it,  expelling  tho  iodine  and  forming  butene  <libromide. 
CiHnKr,.     When  distilled  with  alooholio  potash,  it  gives  olf  hut«?ne.     Thia 
tendency  to  give  oif  tho  corresponding  olellne  is  eharaeteristic  of  all  th« 
seoondary  alcohols  a^^d  r-theps,  as  will  be  further  notiood  ia  eonneotion  with 
th«  flve-carbon  oomponnda. 

Trimethyl  Carblnol.  ..r  Tertiary  Butyl  Alcohol,  C  |   q^i*,  S»  V 
duced  by  trnaliug  zinc  methid"  with  cnrlxwiyl  elilttride  (phosgene  goa) 
r\  chloride,  and  anhmitting  the  product  to  th«4  action  of  wat^^r. 


re- 

i 


■-^1 


2C0C1, 

Unrhnnyl 


Zn(rH3>, 

7.it\a 
tuelhlde. 


ZnCI, 

Z\nc 

chloride 


Aee'vl 
eblorlde. 


¥$§i9h  4M^MM'M4< 


*il9 


011' 


'    ♦  'rrc''* 


IMI  I        ( 


\Uh 


'IN 


'A' 


I   I.   ...    1 1..     ,  .  I. 


,)...i    i..    (I.     I.. II  ...I, 


■I     lulu    lltK 

»«jt  lilt*  h(( 


luuiiiu 


"    *»Wl" 


(*'»».).«'    *'M, 


1^ 


"'S 


in  tlrmtM^* 


tv 


?> 


«k' .... 


fATTT    OBOVP:    ALCOHOLS    AND    ETI1EB8. 


as  tUc  Iatt4*r  from  normnl  propvl  alcohol,  t(i.,  bj  siicce]isiv<>  convonion 
into  butyl  r-jfc-ttnidiv  Cli./.*H,Cn3(;H'j,.<'N.  iiorirml  valeric  ftcid,  CH,C'li,riLCn-. 
aK)H.  v«|t.rieal.lohy.h',  L'H,fli,('n,L-U,.Ci>H.  aud  tliu  uUhjIioI,  CU,CIi,rU, 
CIIj,Cil,<>H.  It  ici  a  lifjuia  boiliug  at  Ki50  C.  (2750  K.),  ». «-  3  f^^'^r 
ItiKlier  llianiiiopHntvl  aleutiul.  Thuchloritif,  bmmidu,  iodidu,  and  an'ta 
oblained  from  it  Ixul  at  hight^r  tt^inpiTatures  thau  the  oorrvtipuiidluj^ 
puiiljrl  wiopoundfl.     Bjr  oxidation  it  >^lolda  uormal  valeric  acid. 


I 


Isobutyl  Carfalnol,  Isopentyl  Alcohol,   or  Amyl  Aloobol, 

Cn  <  (r\i\     '  — TUiH  in  the  orJiuary  uiiiyl  alcohol  proilueed  hy  fermun- 

tatiiiii.     in  the  manufacture  of  brandy  from  com,  potatoes,  or  tho  must  of 
grajieb,  tho  olhyl    alcohol  is  found  to  bu   acoom|Mimed   by  an   acrid    oiljc.^ 
lit)Uid  called  ftiM.l-»ii,  wliich  is  very  difficult  to  ttuparatw  ooDipletvty  fro: 
thu   ethyl    aluuhol.     It  pabi>i-a   over,  liowever,   in   cunitidt;rntiie   qiianti 
ttiwanU  the  end  of  tht*  distillation,  and  may  Imj  collected  apart,  washe*! 
aKit&tiou  with  BrvefHl  Huc<:essiv«  i>4irtion!(  of  water  to  free  it  from  fthy] 
alcohol,  and  re-distilbt].     Tho   liquid   thus  obtained  conaisia  chietiy  of' 
amyl  akmhol,  simielimi'S  mixed  with  propylie,  butylic,  and  other  ulc*ihols, 
T)ie  amy!  nlwhol  may  be  obtained  pure  by  fractional  distillalinn,  the  fmr-     j 
tion  which  passes  over  Iwtwuen  128^  and  13*JO  c.  (2t»'J.4^and  iUlt.ti^  ^**}fll 
being   collected   apart.     ?otalo  fusel-oil  cousilsts  aUuoat  wii"Uy  of  ethyi^l 
and  amyl  alcohnI»,  the  latbT  constituting  the  greater  quantity. 

Amyl'  alcohol  is  an  oily,  oolorleBH,  mobile  liquid,  having  a  p<«uuliar  odor, 
and  a  burning  aorid  tai»tc.  ItJi  vapor  when  inhaled  produL^^  cotighii 
an<l  oppression  of  the  chi-^t.  It  has  a  specific  gravity  "f  (1,8115  at  CtO,  ai 
boiU  at  13(t^  0.  (2Cti^  K.).  When  droppted  on  paper  it  forma  a  gro( 
■lain,  which,  however,  disii'ippeara  after  a  while.  It  ia  not  perceptibl 
soluble  in  water,  but  lloat^  on  the  surface  of  tliat  liquid  like  an  oil ;  ooi 
mon  alefihol,  ether,  and  vnriouti  es&entinl  oils  dissolve  it  readily. 

Amyl  alcohol  usually  exerts  a  rotatory  aclinn  <jn  jwlariittHl  lij;hl,  hi 
the   rotatory    [Kiwer   varies   iimsideraldy    in    ditTVrent   samples,     PaMtoiii^^ 
Indood,  has  shown  that  ordiuar}*  amyl  aliMdiol  id  a  mixture  of  two  iso-' 
lueric  alcoholw,    baving    the   same   vapor-<h'n«ity,   bnt    diflering    in    their 
optical  properties,  one  of  thein  turning  tho  piano  of  p^iUrization  to  the 
rij^ht,  w  h»Teft8   the   other  is  optically  inactive.     They   are   separated    b« 
converting  the  erudo  amyl  ah.oliol   into  aniylsnlphuric  acid,  f<aturatii 
with  barium  carbonate,  and  cryHtnllizing  tho  barium  aniylsulphat**  thii 
formed.     The  salt  obtnineii  from  thi^  ai-tive  amyl  alcohol  \%  '2J  tinn^  rooi 
Aulublt  than  that  ohtaine<l  from  tho  inactive  alcohol,  and  consequently  xhi 
latter  crystallizes  out  lirsl ;  and  hy  precipitating  the  barium  from  th*«  soli 
tion  of  either  salt  with  sulphurio  acid,  and  distilling  t)ie  amylsulphui 
acid  thus  separateil  with  water,  the  corresponding  amyl  alcohol  is  oi 
tained.     The  difference  uf  optical  character   Itetween   th«  two  ulooholl 
whieh  iH  trai-eable  through  many  of  their  derivativis — has  not  been  snti*^ 
factorily  explained  ;   l>ut  it  perhaps  depends  u^nin  the  arrnn^emont  of  the 
mol«H'ub'S,  rather  than  upon  that  of  the  atoms  within  thf  nioIe<Mile.     On 
tho  other  hand,  it  is  poi^sible  that  the  active  and  inactive  aleohols  may 
contain  diO'ererit  ra*licles,  as  indiuat4*il  by  th«  seoond,  third,  and  fourth 
furmulrp  of  primary  amyl  alcohols  at>ove  given. 

Vapor  of  amyl  alndiol  posset!  tlmntgh  a  rcil-hot  tulw,  yields  a  mixturo 
of  uthene,  proiK<ne.  buten*^,  aiul  isojM-nti*ne  nr  Aiiiylene. 

Auiyl  alrtdiol  takes  fire  ea«ily  and  burns  with  a  blue  flame.     When  ex- 

pose<l  ti>  the  air  in  contSL-t  with  plntinum  black,  or  truaitHl  with  a  mixluro 

of  iH>t;i.«sium  chroniatr  and  dilute  aulphuriu  odd,  it  is  oxidiusd  to  isorolerlc 

Mt'U/.  <'V/jrH('CIIfl),.COOU. 

Jmj'J  Mivohol,  beMted  to  330O  C.  (4280  p.)  with  a  mixtore  of  ftotoMaium 
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Into  poUMiuu  vAlvrnU,  witli  orolutkm  »f 

KIIO    V     C»n,KO,     +     2U,. 

-  --  T  Mttiutu  diMolvt*  In  iimyl  atli'«ihol  as  in  <*tl»Tl  al<\>l)(>l.  viflH- 

auii*.    IjllnKM,  nnd  i\H,,NaO,  which,    wlicn  tn<itt<<d' with 

,  .  -•  Id    Jiiiivl   »xi(|e  or    amvl   iMht-r,   (r^II,,)/),  and  wiih 

l»,  elhyl-ttiiirt  ox  ill..,   (<-',Hj(<\H„><>. 

arU  ujMm  amyl  alcMihoI  an  iitMm  rthy)  itlcnhnl  (p.  Uti4),  Kxcirpt- 

Ifaat  it  tiiuUl/  rtMwivva  uul/  four  atuuw  of  byUrtigcn,  iudtiMul  uf  flT« : 


Amyl  aicobol. 


3<:i,     «     4UCI     4- 


ChlonimylAL 


Amy!    aJonhol   U   act*<1   Q[Min  bj  ariiln.  Hk»'  miniiinii  aU-ohnl,  yK*ldiD|f 

Eh'TH.     WUhu  miitt'il  wilh  Htronf;  mffJAinr  nrni,  it  ih  ir<ii)vrrt*-il  into  anivl- 

(u!|>huric  arid,  (rjII„)||S(), .  ami,  on  dititilling  thr  luixturo.  amy!  oxidt), 

[rjll^,),0,  poAtea  over,  ttigfthvr  with  aniyleue,  and  iwvcral  olUvt  livdru- 


I 


LCm>DRiM,  or  AMTLCBl^BlDB,C^^^,  ornc|^T.*M.*  ,  in    prr- 

^roil  iiy  dUtillinjf  **fiiial  WfiKhtn  of  Ainyl  alctdnd  and  ph•>^|lh<•rua  pimU- 
^lortd*^,  wabhini;  tht*  product  ri'in'aKflly  with  alkaliuu  »al<T.  uiid  n'rlify- 
ing  it  from  calcium  chloride.  LetiH  pun*  it  may  hm  obtained  by  saturating 
Aiiivl  aii-tthul  with  hydriH-hJoric  arid.  It  is  a  colorlcM  liquid,  of  Bffr*'<'ftl>ltf 
Aromatic  iidt*r,  iuHoliitilr  in  water,  aiiil  n<-u1t-Al  to  tittt-puprr  :  it  iMtiU  at 
\%ty£^  <\  (215.(jC  K.).  Nnd  i^'iiiu-H  rt'tuiily,  humiu);  with  a  tlantc  ^hth  at 
tlie  eclgcK.  By  itir  U'l^g  vinilinui'd  actinn  uf  dilorinu,  nidml  liy  iMtwcrful 
Bon^hin*',  it  In  or>nv(>rt4*d  into  notochlorlnatcd  amyl  chlnrldo,  <>r 
lionochloropentane,  C^U|CI,,  a  volatih%  colnrlesa  liquid,  atuclliiiH 
^ikc  cAUiplmr:  tht*  whole  of  the  hydrnpt-n  hnfl  not  y»'t,  howcvrr,  Iwrii 
lov^^.i.  Thr  hrtmiith^  fVIn^'.  '••  *  volatih*,  cedorlcwi  liquid,  In-avhT  than 
water,  boiling  at  IIlKX".  (24*1. JO  f.).  It  in  ohlnincrl  l.y  di^tjlling  amyl 
alcohol  with  hmmint*  nnd  phospliorus  (>«)•<•  Kthyl-bronii<ic,  p.  6(ifl).  lis 
odor  is  pcnctrfitin^  and  ftlllHcwms.  The  brumiih'  is  dei-omitoMfil  by  au 
Alcoholic  it'iliititin  of  tM>taah,  with  ri'production  nf  tht*  alcohol  and  formation 
of  |k>taH*>ium  Itrimiidc.  Th*;  iVw/iV/*-,  C^Hnl.  ia  prcparnl  by  dittlllllng  a  inix- 
tartt  uf  15  partji  of  amyl  alcohol,  8  of  iodine,  and  1  of  phoHphorun.  It  ia 
a>1or|i*flfl  wh»-n  pure,  hi*avi<*r  than  wratcr,  vnlatil**  without  dei-omi^Mition 
At  14*P  C.  (294.SO  P.).  and  in  other  reHpectH  rettcmblcB  the  hronddo :  It 
ia  partly  dfLtiuiiKuMMl  by  eKiM»jtur«  to  lij^lit.  Heat^^d  to  2&*iO  C.  (£ifi40  F.J 
In  fti^xlml  tiiU-M,  with  line,  it  yiel  U  dfi-ane  or  dlaoiyl,  ('tulln>  "^ 
C»H„,f\H„.  a  cnlorleftft  elhen-ul  liquid  U.ilinp  at  15r)0  C.  (3110  F.).  At 
Ih*.'  wauie  time  there  in  fdrnied  ii  r»mipound  of  xinc  fodiilc  with  xlnc  amyllde, 
2»0'illn)i.  which  is  deconipit:*.il  l»y  contact  with  water,  yielding  sine  oxida 
AUd  peutnne  or  amyl  hydride  (p.  41)tf)  : 

ZuCCjH,,),     4- 
A«rL  OxiDR, 


ZnO    +     2C.H, 


W 


I,  (rjH,,)jO,  obtained  by  the  proceaw*  already  mentioned,  Is 
A  oolorleHs  oily  liquid,  of  specific  gravity  0.77!*,  and  Ixnling  at  I7tiO  C. 
348.«o  p.). 


AiiTi,(»ri.pnrBir,  or  Splthamtlu-  Acid.  (CjH,,)nSO„  or  C»H„(OSO,H). 
The  barium  salt  of  thi*i  acid,  (0,H„),Ra{S<),),2Aq..  prepan*d  like  the 
•thylflulphate  (p.  573),  cryHtalliKeti,  on  evaporutiug  the  solution,  in  Kmall 
ianl  pearly  pliitou  ;  the  diirerence  of  mdubility  of  the  salts  pre|iArinl 
optically  active  and  optically  inactive  amyl  alcohol  han  alrifwly  Iweti 


I 


i^ 
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:rTa-^ 


-5*P 


z«r  «U£e :   ::  i-u  A2.  .^11:^^  &£>d  bitter 
,  A=ii  »  iKKcic;*:iM«i  V7  <!<i<ilIiiioii  into 
amrL  ^kr^luvt  Aad  i^paaric  xax.     Tb«  per iwrf-  ttv  ioi.:  i^csif  £zv>aps  uf 
snlli  r^iiaunj  aR«*il<tt.  t.stt'  AoLaUit  ia  TUer.      F&«  *=.pciaxbjrUtcs  of 

Amrl  hrdroiaLphi-l«,  C^H^SH.  iiki  Aari  sxlpaiie  (CiBp)^, 
ftttttftrk^  the  vUkvl-erjmiir^aJblji  ia  Ultit  ^-'prZtiKa^  As«i  rracsabub^ 

/VkZ-^J  */■  Grmm-^pirit. — ^Th-f  fos^I-'il.  «<para:«**i  is  lirr*  •^-SAntiiies  from 
gruD-Apfrit  brthi:*  L«>itIoa  ivctili<f».  •>*iei^i:»  cLi-rdr  ..-f  unjl  iI<L>.*b<.>l  mixed 
vich  «thrl  adtvAyA  %nA  vat*rr.  SjCkrCiiib^  ::  c«:<a£^3S  ia  ^iiition  moiv  or 
Imu  of  tb«  «tbTl-  or  &m«'l-<:fmp*>aiiU  vt  c^naia.  ixiix  %n-i&  :ij.oa^Ut  to  be 
kLmtical «ith imanthrUe ui  1  palmitic aclU.  Tliv^f^ Uf;-iLUi»l ftcbstanLi^ 
tana  xh*;  principal  part  of  cfa-?  Drrirlr  j*/iM  £»  prudti-.-«e<i  in  thi^  manner  In 
Thuk*;*' 4utillrrri*fs«  erfnlri-.-toi  on  :fae  •11  plan-  Mcl'lv-r  b:^  •iesoribt^l, 
Qad^r  the  iuun«  of  ow:«---V.  an-'tl^rr  ■.i>n5:i:arat  of  th*  crude  fas«-I-oiI  t»f 
Holland :  it  ha«  a  r-rrr  pi^-Wfrrf  ai  '.lilv^r.  re^emblinc  that  of  Mm-  of  tlio 
iiinb>rlIif«-;roiiji  plant*,  and  u  o^ifrrct-^l  bj  ]s*>Iaci*>n  of  cao^tic  potash.  Av- 
eordinz  to  ilr.  Roirn-rT.  ;hf  fai^i-»li  -.f  ta»*  So-t.:li  di*silIf^r:T?*  contains  in 
adklition  a  orrrain  qaintiv  "f  capric  i-'M.  *-'-+H„*^j.  Amjl  aUvLol.  in 
addition  to  isobutjl  al»>h*>l.  baa  U^a  «'?p4ra!r«l  fr^-ni  th-  spirit  di5tiUe<l 
from  be^t-molasA^  and  fnyjk  artilcial  jrap<^-3U^u-  rmde  bv  thif  aid  of  sul- 
phuric acid. 


Fropjl-methyl  Carbinol.  Uo.hc<;\[|*'^^-'^^'  . 


HOH— 


CH,. — This  stroondary  alcohol  is  pr«»iiu.>.-»l 
ketone  (obiaiDi^i  by  diatillin;:  a  miiturv 
with  irat«:r  and  soiiam  amaljam  : 


by  dt^'i'-nip-^lnr  pin-pyl-methyl 
'  calcium  butvrat*;  and  ac<rtate) 


It  13  a  liqcid  ^mfllin?  lik*  or-iinary  amyl  ab'oh<>I.  b';t  li-ss  pun:rent :  boils 
at  \'2^}-  C.  (i24>^  V.)  :  bas  a  si«-t.'ilii'  jraviiy  of  f.-^iiij  at  t.*^ :  i?  oxidited  by 
potassium  permanganate  lo  pnjpyl-ui.-thyl  kt»tone. 

iBopropyl-methyl  Carblnol,  II»>.HC<^^jJ*^'  "-^*  .  als.^  oall-d  Amy- 

lene  hydrate,   (CsH,,)  4  ^ j„  .— rhia  is  a  s«i.!idary  alifbol  pn-^luoed  from 

amyl»>nR,  CiH^j,  by  cAmbinin^  that  sutr?tan«*e  with  hydrioJio  aoid.  and 
decomposin;;  the  r*^iiltin<;  hydrio<lide.  r,H^,.ni.  with  muist  silver  oxide, 
whereby  silver  ioiiide  and  amylene  hydrate  are  obta)D*sl : 


CH(CH3), 
CH 


and 


CH, 
CH(CH^, 

CHI 

CH, 


S  = 


CH(CH,), 

(HI 

I 
CH, 


+      AgOH      =      Agl      -f 


CH(CH,), 

CIIOH 


A  portion  of  the  hydriodide  i«   at  the  same  time  resolved,  by  the  heat 
tfroJved  in  the  reaction,  into  hydrioilic  acid  and  amyb-ne  ;  and,  on  submit- 
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K;ulting  liquid  to  (ractianol  dutiUfttion,  the  ozn/lcne  p»9<«  ov*r 
lieu,  Utwtwn   U'i^  Olid   lUtr-  C.  (iil-'Jit>.4i>  F.;,   Uxt  amvlrOf 
0/u<BM>  w  i&oprup/lmetbyl  carbiU'tl. 

Thie  liooliol  U  a  liquid  haviiijf  a  Dpvuific  gr&rilj  of  O.S2!>  &t  0^,  and  ft 
pungent  etbere&l  mlur,  ^uite  di<iUm-t  froiu  that  of  onUnAr^  suit  I  &I.-i>boI. 
Hintod  with  birung  aul^tkuric  acid^  tl  is   eob verted,  btif  iiilu  ^rio 

auidf  but  into  hvdrucarU'iu  pul jr m«.*ric  vrith  amylcni',  ru..  ■  ,  or 

de^«DK>,  C|oli)|^  and  triomjrU-ne,  or  |><^utiidrcene,  C^Hj^  (j>.  5(tuj.  lA^rtvJic 
acid  amverts  it,  at  ordinary  lemperalurva,  into  amyk'ue  Uy<Lrioiiide,  1\U^ 
HI,  boiling  at  13ua  C.  (itJOO  F.),  «"vl  i«Ude  at  14<P  C.  (2I»4.>o  F.).  ;y>- 
(/rocA/oric  (iru/ eouvKrtfl  it  (evtm  at  <.^)  into  amylenu  hjrdrochlbridf,  C\Hjg. 

PUCl,  hftving  •  boiiiug  point  W-'  bet<tw  that  of  uuiyl  diloridt?.     (Jn  mijciiig 
It  with   two  ati.)uii>  uf  fvvmine  at  a  very  low  tt'Uiporature,  a  rp>l  liquid  is 
fbruiud,  wliicb,  a^  mton  tis  it  attainif  tliv  ordiuarr  tviupcraturc  uf  th«t  air, 
is  reaolvod  intowat»T  and  nmyU-'iir  bromide,     Heatc<l  for  lomv  tiiuc  to  IfNiO 
^^  Willi  strong  itct:tif  ociti,  it  yi**lds  amyleQe,  t<»g«th*^r  trith   a  stnaU  i|uantiijr 
^^vof  auiyl(*nu  ac4:<tat<.*.     Sodittm  dissolTis  iu  aujab'ne  hydrat«  with  wolutioti 
^^fof  hydfoct-^n,  furming  a  cotorl«u  tratuluccnt  maaa,  which  baa  the  ooiupo- 
aiiion  C^li,gNa01I,  and  is  dooompoBed  b^  unjrlen*  h/ddodide  in  the  uumer 
fthowa  by  thu  t<q^uatiou: 


Sodium  compound.         Amylene 
hjrdriodiUo. 


AmjicDC. 


C4H„n{0H)     + 
jiBiyl«n« 
hydrat*. 


9aI. 


From  these  reactions  it  fs  apparent  that  amylenn  hydrate  or  taopropyl- 
mt^thyl  carbinol  ift*^pecially  distinguijthvi  from  the  primary  amyl  aleofinU 
by  the  factUty  with  whicb  it  gives  op  the  ocirr««pfm<ling  oleflne.  This 
peuuliarity  is  ex)iibited  also  by  all  the  secondary  alc**hol«  of  the  »eri««. 
Tlit-s*^  al«>hols  may  ind*-ed  be  rngarded  aa  inti'nnwIiaiH  linka  between  the 
primary  inonatouuc  alooholB  and  the  diatomic  alcohoLa  or  glyooU,  c.<;.» 


Amyl  alcohol. 


cn  <" 

Anylcne  hydnte. 


AiDjlene  fflyeoL 


Diethyl  Carbinol.  r^H^— CHOU—TJij.  is  prodno«a  by  heating  fthyl 
fonnato  wilh  clhyl  inlido  and  graniilati'd  rinc,  and  deoompoaing  the  jiro- 
ducl  with  i<H'-coM  water.  The  action  of  the  rinr  on  ihu  pthy!  iodifle  pro- 
ductis  xino-ethyl,  and  this  reacts  with  the  ethyl  formaU  acoording  to  the 
following  equation: 

HCO.Of.H,  +  2Zn(C^J.  =  HC  {  < W.^^     +  z„  { [^jPf,^ ; 


4 


and  on  treating  thia  product  with  water,  the  oompound,  UC  -j  jr„or  j^    *• 

deoompoaod,  yielding  diethyl  carbinol,  together  with  xino  hydroxide  and 
•thene,  ^J 


Thn  final  r»*sult  is  ihn  rf^plaocmeiit  of  the  oxygen-atom  of  the  group  IIO, 
in  formic  acid.  HCO.OH.  bv  2  abims  of  ethyl. 

Diethrl  carbinol  ia  a  liqiiirl  whtrh  smpUe  like  amvl  aleohol,  b.t«  a  up**- 
cific  praWty  of  0.832  at  (P,  and  boils  at  lll^l  17^  C.  (240.8-242. tP  F.).  By 
oxidalion  with  chromic  acid,  it  is  ctrnvcrted  with  diethyl  ketone,  COCCgH^),. 
The  oorroaponding  iodide  boila  at  145'^;  the  acetate  at  1320.* 


•  Wasner,  Llcblg'*  AnnaUn.eUvr.  Ml;  Chem.  Soc  Jo«ft. \«W»Y  ««^* 
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JBtbyl-dlmethyl   Carblnol,  or  Tertiaiy  Amyl  Alcohol, 
C  <(CUs), ,  is  prepared  like  tertiary  but/1  alcohol,  by  treaUng  «inc-m«- 


thiae  with  proplonyl  chloride,  C,HsOCl,  and  decoinp(>aing  tho  product  with 
wati-r.  It  smelU  very  murh  liko  U-rtiary  butyl  alcohol,  has  a  spfc-iHo 
gravity  of  0,824  at  (P,  aotidifles  to  a  cryaiallino  rao&s  at  — 30^  C.  ( — 2*^ 
F.),  boil*  betwut'n  98.5-J  aud  UK)0  0.  (209.30  and  2120  K.).  »"»!  ilw«  not 
■olidify  at  — 17^  C.  (1.40  F.),  hut  iu*'rtdy  U-roiuea  viHcid.  By  oxtdatiuu 
with  dilute  (dirniuio  acid,  it  yioldji  nothing  but  a<*vtic  add. 

Thp  iMjiling  jjointri  of  tlu'  six  knuwn  p«-nt>i  alotdioU  Iwotmii'  fcmdually 
lowiT,  friMt;  thr  normal  primary  to  th«  lertijuy,  aa  their  structurL'  bocotneif 
muru  eouipK*x  ;  thu»— 


Primary, 

Sooondary, 
Tertiary, 


(Butyl  earbiiiol 
Uuhutyl  irarbliiul     . 
i  I'rnpyl-mrthyl  ivirbinnl    . 
<  Dieltiyl  ^arbinol 
^^Ibopn»p>l-iiiHthyl  uarbinol 
Ethyl-dimethyl  carbinol 


BoUlaff  Point. 

12SC-1320 
120r_i23O 
llOt^-llTO 

98.6Q-100O 


HSXrt  ALCOaOLB  AXO  STUBRfl. 

Tho  numl>or  of  posttiblf"  luodificationfi  of  an  alcohol  Increast'S  with  the 
number  of  (;arbon-atoins  in  iu  rnnlocular  foniiula.  Thus,  wt-  hav«*  seoa 
that  thi're  may  he  two  propyl  alwhnU,  0,11^0,  four  bulyl  aliidu'U,  (^H-oO, 
and  eight  amyl  alc<jh«il6.  cJl^O.  The  six-oarbon  formula,  0^11,(0,  will  in 
likf  uianner  \w  found  to  includo  9i'Vi>nleen  iRDrarrio  alruhid'* — i-ight  pri- 
mary, Hix  amiondnry,  and  thn**  tertiary;  but  as  th«  maniiiT  in  which 
t]i'.»se  laodificationa  ariso  ha^*  btwn  suffloit^ntly  explnincd  in  tli*?  precwling 
pages,  tbij  furtlier  duvflopim-nt  of  thi;  thL-oretical  formulae  xnay  Ij*  Irft  as 
an  exercun*  for  tht*  student. 

Tho  numtwr  of  modificaliong  of  thesix-^-arlicin  alotdnd  actually  known  is 
flight :  of  which  two  are  primary,  thrt'«  seooudary.  and  thu  reinaininff 
ihre«  tertiary.  |fl 

Primary   Hezyl  Aloohola,  C|H,3(0n>. — The    normal    alcohol, 


OH,.rH,.ru,.rH,.cHa.rit/>ii,  or 


oil 


,  is  obtained    from   the 


*ntial  oil  of  flrmelnim  tjijatUf^tm,  which  in  a  mixturo  of  hcryl  butyrate 
f»ctyl  acetate.  The  hexyl  and  octyl  alcohols  an-  isolated  by  de«,xjm- 
porting  the  oil  with  alcoholic  potash,  and  aeparate<l  by  fractional  distilla- 
tton.  Tho  hexyl  alcohol  thusi  ohtain<^l  ha«  a  tttmn^  anmiulic  Oilnr.  a  spo- 
cino  gravity  of  0.S19  at  230  C.  (73.40  F.).  and  UhIh  at  i:»iJ.»iO  C.  (313.80 
F.).  By  oxidation  it  yicUla  a  capruic  acid.  rgllisO,.  having  the  same  boil- 
ing point  (204. TjO  f'.^  400.10  p.)^  m  normal  caprorc  mid.  The  corre- 
sponding iim/kA-  Is  .1  heavy  ooIorlMs  liquid,  boiling  at  170. .'iOC.  (.'iSS.lOF.), 
The  acr/(iic,  C,H,g.C,lI,0„  haH  a  pleasant  fruity  odor,  and  boils  at  IU90  C. 
(330.'.?^  F.). 

The  aarae  alcohol  is  obtained,  together  with  butyl-rat'thyl  carbinol,  by 

treating   normal  hexane,  CH,.(('H,)4.CH„  fnmi  American  putruleum  with 

trhJorinyt,  converting  the  rcT^ulting  hexyl  chloride  into  the  accitato  by  treai-^ 

meat  with  silver  uceiAlo,  and  diatilUng  this  ao«tat«  with  potash. 
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HEXTL   ALCOHOLS. 


mixture  of  alcohols  thxis  obtained  cannot  be  com p lately  ieparated  by  frar- 
tlonal  <tbilillatioD,  but  it  yiu-lda  by  oxidation  thf  corresponding  produrta, 
viz.,  iionnal  capruic  acid  and  methyl-butyl  kftunt*. 

Lastly,  iinnnal  ht-xyl  abitihol  in  nblainitl,  atxordintc  to  Rossi,  by  the 
action  uf  aodiuui-amal^am  and  water  on  normal  caproic  aldobyde. 

Auutbvr  primary  hoxyl  alcohol,  boiling  at  niMuit  l.'iOOf.  (.'Si)'2P  F.).  and 
yielding  caproic  aci<!  by  oxidation,  was  fi»und  by  Fagi't  in  ruKH-<ii1.  Tbt* 
■tatuDieuts  rotfptictiug  it  aru  nut  vt^ry  exact,  but  mi  it  is  prodtic«d   bv  fur- 

.   _  'H 

nu'utatiun,  it  is  probably  the  isoprtmary  alcohol,    HC 


(t:n. 


Secondary  Hexyl    Alcohola.— 1.  .If^thyl-hutyf   f'arfnnnl, 

HO.UC<^.*,.  *   ,  discuverwi  by  Wanklyn  and  Erlonmcycr,  h  proiluced  by 

trt'aling  inanuite,  C,]],|Of  (a  aaccharlne  tH>dy  oMahiod  Troni  manna),  with 
a  largo  exci^sa  of  vt'ry  Htrong  bydriodic  acid,  whereby  it  ia  courerted  into 
lieoondary  h«xyl  iodide  :— 

r.H^o.  +   inn   =  c,h„i  +   6U,o   -|-   i„; 

and  digesting  tliiu  uompc>uud  with  silver  oxide  and  watnr  :— 
QHijI     +     AgUO    =     Agl     +     C.H.^O. 

Molhyl-butyl  carbinol  is  a  viscid  liquid,  having  a  pirasant,  refreshing 
odor;  It  boila  at  137^  C.  (27S.tP  ?.):  •'*!»  «  8|>.  gr.  of  0.8:i27  at  (P,  0.8209 
at  TOO  c.  (tiO.SO  F.).  and  0.7422  at  HIN"  V.  {-lUK'Jy  K.>,  km  that  it  expands 
Bomuwhat  rapidly  by  ln-at.     .Strong  hydrochloric  acid  converts  it  in(o  tho 

oorr«*p«>nding  chloride,  CllIC<^jJ^  ,  which   U>iU  at  120O  C.  {2480  F.), 

and  yieUla  hexene  when  digestwl  at  lOO^  with  alooholio  potash.  The 
iodide  IkjIIs  at  lU7-l«8->  C.  (3:i2.G-:i:J4.40  F.)- 

Thealcobol  isi-onvcrtcd  by  oxidation  with  a  mixture  of  potaHsinxndiohto- 
mate  and  Bulpharic  aoid  into  muthyl-buty]    ketone,  (^^^[pl|*  i 

which,  when  further  treated  with  the  oxidixin^  mixtnrc,  yiohia  acetic, 
carbonic,  and  normal  butyric  acidn. 

2.  Methyl-Vatabutyl    Carbinol,   n0.nC<^fJ^"'^»  .alsocalled 

PirwcA^l  alcohnf,  is  fanned  by  th**  acti<»n  of  naacent  hydrogen  on  pinacoUn 
(7.  (>,).  It  soliilifies  at  low  t*'mp<'rattiri's  to  crystals  nhit'h  melt  at  +40C. 
(3I).20  F.).  txdls  at  1200  c.  (^4^0  p.),  and  ha«  a  specific  gravity  of  0.834. 
When  oxidized  by  p<»laaisiumdichronjate  and  sulphuric  acid,  it  is  converlinl 
into  niptliy  1-kntnbii  tyl  kctnnn,  rilj— 4'«» — ('(('H.,)^,  which  Bplils 
np  on  further  oxidation  into  carbon  dioxido  and  trimethylacetic  acid. 

3.  Eth^l-propifl  Cnrbinol,  nO.HC<^y'^{|»*^^»  ,  alsn  called  ff«r- 
etir  h^lrate. — Tlie  ii^lid*?  analogous  to  this  alcobol  is  prepared  from  diohlor- 
ethyl  oxide,  0<^«'!,*  *  ,  by  suooe&sivo  treatment  with  zinc-ethyl  and 
hydriodic  acid  ;  thus : 

CH,a 

illGl  +    2Zn  <^»2*    ==      2Zn<J|"*    -f 

tUchlorethyl         Ziao-othyl.  Zlno-cthylo- 

oxifle.  cbVot^dc. 

50 


<>r,H. 
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CH,X,H4 


CH.Cjir,  -f  2III   =  IHC<J^-^»^»   +  H,0  -f  C,H|I; 


Methylated 

etbyl  oxitle. 


Ethyl-propjrU 
earbiuyi touidc. 


and  tho  alcohol  is  nhtainrnl  bjr  oonrerting  ihu  iodide  into  the  acetate, 
distilliiiff  tho  latter  with  potash. 


Tertiary  Hexyl  AlooboU 

havo  Uicii  ul>luiue(I,  viz.: 

cn. 

Oil 
CH,CH,CH, 

Oil 

Isopropjl-d  I  methyl  carbiuol,   (' {  (('fijjj 

Oil 


Threo  of  theac  aloohols  are  poeitble, 


Methjl -diethyl  c&rbinol, 
Pnjpyl-dimethyl  carbiiiul, 


CH 
or  HO.C  {  C,H. 

or  H0.C{CII, 

CU. 

CH(CH,), 
or  HO.C  -f  CH, 

Oil, 


The  first  ia  prepared  by  treating  acetyl  chloride,  COrn,Cl,  with  xino- 
pthyl,  and  dccomiKwing  thu  reaiiUing  mulhyl-dielhyl-chloromcthnnti, 
C(CIl.,)(C,nii)jCl,  y\n\\  wftt«r.  It  boila  nt  120^  C.  (248^  F.),  and  yii-Ida 
by  oxidatiuu  uothiiig  but  acetic  acid. 

The  second,  otitained  in  like  mannpr  from  butyryl  chlorido,  CO(rjH,)ri, 
and  sine-methyl,  l>oiU  at  UrjO  C,  (239^  F.>,  and  is  rijsolvod  by  oxidation 
into  acctiii  acid,  propionic  acid,  and  oarbon  dioxide. 

Thf*  third,  oblain^Ml  Trom  isobiilvryl  chloride  niid  lino-methyl,  is  a  liquid 
which  »olidifii»s  at  —:\b^  C,  (— ^il'o  F.),  W.ils  at  1120  C.  (233.00  F.).  *i 
yields  by  oxidation  aoeUinc,  acetic  acid,  and  carbon  dioxide. 


HSPTTL  AI.COB0U,   C,U,bOH. 

or  thcso  alcohols  six  haYo  been  obtained,  two  primary,  one  Becondi 

and  tlifft*  t»*r1iuiy. 

Normal  Heptyl  Alcohol.  CH,(CH,)..CH,OH,  or  H,C<J;^j""»*^^ 

prepared,  either  by  the  ai-lioii  of  naAcenl  hydrogen  («voIved  by  the  aetU 
uf  flodiuin-auialgaiu  ou  water),  on  heptyl  aldehyde  (oeuauthol): 

H, 


C,H„0     + 
Aldehyde. 


C.n,-0; 
Alcohol. 


or  from  normal  heptane,  C,ll,f,  in  the  fiame  manner  as  normal  hexyl  alco- 
hol from  hexano  (p.  688).     It  is  a  oolorlen^,  oily  Ihiiiid,  innolaMe  in  water« 
boiling  at  177^0'.  (350.tfQ  F,),  and  oourerted  by  oxidation  into  nut 
oenanthylic  avid. 

Anotht!r  heptyl  alcohol,  probably  the  Moprtmnry,  was  separated  by  Ff 
from  fusel-oil. 

Secondary  Heptyl  Alcohol,  nr  Dlpropyl  Carblnol,  (\H^ — CHC 
■— ^//y,  jtrcpMTvd   by  hydrogenatiou  o(  dipropyl   kftonc,  boila  at  ISIJO 
(^>30 F,^^  find  ig  reooavtfrteii  into  the  ketone  by  oxidation. 
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TertlaT7  Heptyl  Alcohols. — Triethtfl  Carhiuol,  <rjHj>^<'OH,  w 
obtaiii*.>«l  l»y  treating  jiropioiiyl  chloride,  C,HjOCl,  with  sinc*m*'Uiyl,  iind 
Ui«  prwiuoi  with  w&tiT.  It  remains  liquid  At  — 20°  C.  (—40  V.),  boils  &l 
14t>a-14:P  C.  (2R4Q-287.0O  F.),  la  alightlv  solnlile  In  wat.-r,  And  hua  a 
fi|>coific  gravity  of  O.):$093  at  ^.  By  uxidatiuii  with  I'hruiniL  uoid  it  yielde 
bi^jttene,  C^Hu,  togvlher  with  uarbcm  dioxide,  and  apparently  aUo  acvtio 
and  proploniu  aciiU. 

Uimtthyl-iaobutyl    Carhinol^     fCH)   J-COU,  obtained  by  Ireatli 

bovahTio  chlnridt?,  CH(CUj),— CH,— COCI,  with  xiuc-mt^thvl.  nnd  dtwom- 
poeing  Ihu  pnnliu-t  with  water,  Uiils  Rt  121K3-i:tI0  V.  (2t;4.UO-2«7.80  K.}j 
aad  is  oonvertivl  by  oxidation  Into  acetio  and  lijobutyrie  ai<i<U. 

Dimtthyi'ktiiubuttfl     Carbinvl ,    or   I^$Uaineffiylatnl   Eih^l   Alt 

/r«*V^' i  ^'^^R»  P"-pa»^  l>y  Irealing  trlmethyl- acetyl  ohlorido.  C(CHJ 

(XX*!,  with  xino-mrthyl,  nnd   th*  pnidiuH  with  water,  mell^  at   170 
(«2.tfO  K.),  boils  at  Ul-^l;V^  C.  (207.8C^2(;£».1J<^  F.;,  and  forma  with  wiil 
a  crystaUino  bydraU;,  2C,U,,0.11/),  which  malU  at  B30  C.  (181.40  F.)- 
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Fire  of  these  alcohols  ar<*  known — one  priuiary,  three  8«ooiidai7,  ai 

Gilt?  Lt'rtiary. 

Primary  Octyl  Alcohol  or  Heptyl  Carblnol,  C,H,5.CH,0H,  Is  con- 
tained, l<iyelher  with  thw  v<jrr)*spoiidiug  aoetatu,  C,l!.j.C,il,0,,  in  lh«  vula- 
til«  oil  obtainnd  from  tht*  »i'*n\  of  thtj  onw-parsii«p  {lieraarum  nithmttlt/linm)  ; 
alHO  aa  a  Inityrio  ethor   in   th**  boihIb  of  the  wtinnion  pantnep  (/tis/imMriH 
m/im)  ;  and,  together  with  hexyt  butyratii,  iu  tho  oil  of  IlrracUwn  y^col^H 
teum, 

Thti  oouiparativfily  Hraall  portion  of  eow-paritnpp  oil,  which  Itoils  between 
190^  aiul  ll*r>'-J,  uonstiitti  uiainly  of  tht*  ftlci>hul ;  but  by  for  tlio  greutiT  ]>nr- 
tion  paAi»»3  ovi>r  botwrntn  2tM>o*and  212^  C.  <3920  and'413.i;o  p.),  anrl  tluX 
by  continued  frantionatiun,  vicIdB  primary  octyl  acutatt?.  Cjo^io'^'  Uiiling 
bwtwtwn  20tJO  and  ilihC  C.  (4(il!.H-4U(i.40  F.).  This  comiRmnd  in  inBoluMe 
in  water,  eaatly  Bolublo  in  uh^jhol  and  ethor,  and  )iaa  a  tip.  gr.  of  0.(^717 
$X  KPC.  (dO.SOF.)'  Ucutfd  with  alooholic  potauhf  it  yititda  potasdiuin 
flOelate  and  primary  octtyl  alcoliol. 

Thin  alcohol  is  a  eolork^s  oilr  liquid,  having  a  Bp.  gr.  of  0.830  nt  1(P  C. 
(tt0.8'=)  F.).  boiling  botwefn  liUit*  C.  (:n4C' F.)  nnd  Ii>2C'C.  (377. t?-' F.). 
iivarly  insolubl*!  in  w.itor,  niisciblu  with  alcohol  and  ether;  it  haa  a  pecu- 
liarly pungent  aromatic  odor,  and  taiitefl  aweulitih  at  flrst,  afterwards  burn- 
ing and  Khurp.    By  boiling  with  potattsiumdiohroinate  and  dilute  tiulphurio 


F.),  and   itiomeric  or  ideutical  with  the  caprylio  acid  of  natural  fnttt, 


N 


acid,  it  is  converted  into  on  acid,  r,H,/».j,  melting  at  ItJO  to  17^  C.  (fi'i.tf^H 

gether  with  the  corresiionding  octylic  etht-r,  0|H,,.(',HnO,.  This  reaction' 
shows  it  to  be  a  primnrv  alcohol ;  and  from  the  btiiling  point  of  the  octane 
obtained  from  it  (12-29-125^  C.)  {2b\ .C<^2510  f .)  •  8chorlommer  infers 

•  Vormtl  p*nt*ine,  CsHij,  bollii  nt  :H"»  CI  (100  4'^T'.),  dnA  !hf<  svemee  dfffVM»nrp  of 
hnlltnif  jxtiiit  botw<*<>n  itny  two  ronficiMiMrr  niertihcr*  nf  th(>  rinrmnl  ptrnfnn  aerjea 
Is  Alvour  ■11'^  C,  |H7  H^  y.)  (p.  ^tll :  benfp  The  ttnillnL'  pokai  of  normnl  octtne  ehnuld 
be  38  +  3X31 -!:*'*»  C.  t3o7.8°  F.t.  (Jn  the  urherTi^mh  i«op»*ot«ne  boIU  «»  moo, 
(StT  F  ),  >tn»l  tue difference  of  boillni;  polrif  betuwn  two  riin»ertiti»e  IwnpiirnfTIni 
In  ulitn  nhfMit  .11"  <\  (8".-'°  F.) :  hrnro  ^he  tmUinff  point  nf  ino-fvtnne  nhonl.l 
W+SXSt  "-ISa**-  (Sehorlemmer.  Prooeedlnua  of  the  Hoyal  Noolety.  xvl. 
see  also  Wstts's  Olctloaary  of  Cbeintstrr.  First  Supplement,  p.  870, 
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tliftt  it  ii  «n  iso-Aloohol,  Hc|^«^»^^ 

The  haloid  octy\  ethora  obtuiiirHi  from  this  alcohol  exhibit  tho  roUowing 
propertiua : 

Bolltn?  Point.  Hp.  gr 

Chloride.  0,H„Ol  .  ITD.-.o-lSOO  C.  (3.vs.to-t.vio  F.)  o.«Foa  Rt  HJ»  O.  (WJSOF.) 
Bfomlile.O-HnBr        .         ie»o-.MiOO.  [aSA.4«-392«  F.)  l.lUtl 

Iodide,  litHul  •        aAJO-iaS"  O.  (42(t<'-*31.iloi-'.)  I.IMS 

Primary  nciyX  alrohola,  conTertiblo  hy  oxiilation  into  capryUo  anidfl,  aro 
aUo  ohtaiiitnL  (mm  oclauu ;  tlu>y  ditrt*r  fntin  Xh**  aleohul  obtainod  from  herA>» 
ck>uin  uil,  bkil  their  exact  Htruclure  has  not  bwa  oscurtaiutxl. 

SeooDdary  Ootyl  AlcobolB. — 1.  H§tkjfl-k9x^l  Carbinof, 

UO.UCi^*..  ",  is    protiurtnl    \>y  heating  castor-oil  with   exctsoA  of  ftolid 

potassium  hy«lr<Jxi<U'.  Ca»tor-<jil  contains  ricinnleic  acid,  C,j,H„0„  and  this  i 
acid,  whim  heateil  with  potashfyioldHfreo  hydrogen,  adidtiUaloconlainin^ 
xnulhyl-hoxyl  carMtiul,  togetlier  with  produota  of  itsi  ducunii>oiiitiuu,  aod 
a  residae  of  potartsiiim  8i?liate,  *^',o"n!*^i*^* 

CttH.A  4-  2K0U  =  C.Hi.O  +  c,on„K,o,  4-  n,. 

To  separate  tlie  alcohol^  the  distillali'  ift  rMpcatt^illy  reotltit*d  over  fu9«^ 
potash,  the  p4)rtiou  boiling  below  :iOi>o  C.  {3i*2^  ¥.)  ouly  being  eolloeted  z 
thit<  liquid,  subjeetod  to  fractional  distillatioa  yields  a  portion  boiling  at 
IHIO  C.  (357. 80  F.).  whieli  is  the  puro  secondary  oolyl  aliohul.  Th« 
poniniiB  of  the  original  distillate  having  a  lower  Udling  point.  ootiaiHt  of 
olvtIneK,  aiDOUgst  which  octene,  C^H,,,  bulling  ut  15(P  C.  (3t)2^  F.)i  pre- ^ 
pond  orates. 

Tlie  same  alcohol  is  obtained  from  the  iKstniie  of  American  petrolcam^  by 
converting  this  hyilrocnrUm  into  octyl  chloride,  then  into  the  acvtate,  auj. 
healing  thn  latter  with  ale-uhnlie  pHash, 

Methyl'hexyl  carbiui>l  ia  a  limpid  uity  liquid,  having  a  strong  aromatic 
odor,  and  making  greas(>-M|>otJi  ou  paper,  it  han  no  aiHion  on  pt>larix<Ml 
light.  It  ha^  a  npocifle  gravity  of  U.823  at  110  C.  (G2.GO  F.),  and  boila  at 
1810C.  (357.80  K.).  It  is  insolublti  in  water,  hut  ilissolvi^a  iu  alcohol, 
other,  wood-spirit,  and  acetic  tu-id.  It  luixt^  with  rtulphuric  aoid,  forming 
ootyl-sntphuric  acid,  C,IJ|^IISOj,  generally  nUo  octenc  and  neutral  octyl 
8Ul|ihntM.  I'liS)?!!  zinc  eliloriilM  converts  it  into  octcuc.  With  pola»9ium 
and  liodium  it  yieldii  Bubstltutioit-pruduets. 

Metbyl-liexyL  carbiiiol,  oxidizctl  with  putasKium  dichromate  and  sulpharffl 
aoiil,  yields  tho  CJtrres ponding  keUme,  via.,  methyl-hexyl  k«lone, 
CHj— <^'t* — C|H,]t  and  by  tho  prolongml  action  of  the  oxidixing  mixturu, 
thiti  ketone  is  further  oxidize^l  to  caproic  and  auetiu  auida : 

C|Ht,o   -f   O4  —   CgHijO,   4.   CjH^o,  +   n,o. 

These  reactions  show  that  the  alcohol  prruUicwl  from  castor-oil  is  a  seoon* 
dary  alcohol ;  and  fnmi  conAifleratiunK  similar  to  thnsn  ab<^ivo  a<ldnced  with 
rcspeu't  to  the  primary  alridio],  it  is  inferred  to  bo  a  secondary  iao-aloohol, 
represented  by  tho  formula: 

Thf  Chloride,  CJl^.H,  produced  by  the  acthm  of  phoHphorns  pentachlo- 
rlde  oil  this  alcohol,  hjw  an  odor  of  oriu»<r''S,  a  sp<*cifie  grnvitv  of  0.892  at 
IHO  C.  (G4.4^  v.),  and  boiU  at  17j^  C.  ('MIO  F.)-  Heated  with  aU-oholic 
potash,  it  yicldrt  oclene.  C,II„  ;  hy  alcohol  and  potasaiam  acetate,  it  is 
ounrertfld  into  octene  and  octyl  acetate. 


h  alcoholic    I 
etate,  it  is 
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/C'lLCH, 


^ 


2.  Etkyl-i»0ptntsl    Carbtnott   HO.CH 

tained,  tog4*thor  n-it)t  the  pritu.-nry  nlathul,  frniii  th>3  iKluut-  proiluct>i] 
the  BL-tiiiii  of  sine  ttiid.  hydruchloric  ncU  on  thu  tiecuoilor/  outjl  ioiLii 
oblaiiitMi  fruui  the  Jilouhul  IahI  dtrscrlbt'd.  The  octyt  ehluridv  prupa 
fi-iim  thitt  outane  iini>*lU  faintly  of  oraugfji,  and  the  acetate  prepartnl  from 
ityiolds,  whon  hcat«difith  akidiolic  potajih,  au  ociyl  alcohol,  wltjch  boihi 
at  l*!3-18(JO  C.  (3.'ilt.6-3ti(».8iJ  K.),  and  in  minrerted  by  oxidation  into  a 
ketone,  C^HjiO,  isoinerio  with  inethyl-h<'xyl  ketone,  but  ditft^ring  froin  it 
by  yielding,  whfn  further  oxidized,  not  tiaproic  and  acetic,  but  pmpionio-' 
and  ordinary  valeric  acid  :  Ueuce,  it  coiuiats  of  ctliyl-iKopentyl  kutoue  < 

K£TUXKi4): 


is   ob-^i 

ct>i]  by^H 
ioiLid«^H 
uparHlil^H 
i  frum^H 


cn,cH,cn(CHo, 

£thyl-tK)pent]rl  kettino. 


+    0, 


COOH 


CH,CU(CH,), 
Ct 


;00H 


UjO 


Proploulo  Acid.        Valeria  ncltl. 


and    the    alcohol    from   which    It    U   obtained    is    et  hy  l-isopenty 
c  a  r  b  i  n  o  I . 

3.  A  Bec«>ndary  ociyl  alcohol,  difTfirout  from  both  the  prtn^eding,  has 
Ix^en  obtaiiic'l  from  octene,  by  heating  thia  hydrocarbon  in  a  sealed  tiibii 
with  bydriodio  acid,  converting  ihu  rc&uUlng  ociyl  iodide,  or  octeiio  hydri 
odide,  C^Hjg.llI,  into  the  a<x'tate,  and  dislilling  the  latter  with  finely  pul- 
Vcrtied  potassium  hydroxide.  This  alcohol  htm  an  arnmulic  odor,  a  spe- 
ciQu  gravity  of  l>.bU  at  VO  C.  (32^  P.),  and  buila  at  174-17^^  C.  (345.*^ 
352.40  p.).  Uy  oxidation  it  yields  the  same  pnxhicU  as  the  castorwiil 
alcohol,  and  mujit  thorefofti  likewise  coiulsl  of  methyl-hexyl  carbinol ;  but 
a8  it  boils  Hi  a  lower  temperature  than  the  latter,  it  probably  contains  a 
different  modificatiou  of  hexyl. 


■    BO.C  I  C,Hj ,  ia 


Octyl  Alcohol,  or   Fropyl-dietliyl  Carbinol, 

formed  by  treating  butyryl  chloride,  C,HfCOCl,  with  li 


I 


ethyl,  and  deoomposing  the  product  with  wati*r.     It  ia  a  8nm»*wbat  via< 
liquid,  lighter  than  water,  and  iusiduble  therein,  and  dueti  nut  solidify  ia 
a  freexing  mixture.     With  phosphorus  p*_-ntachlorido  it  yields  an  ootyL 
chloride  boiling  at  ir>60  C.  (3U<3  K.;-     I^y  oxidaiioa  with  ohroniio  aoid 
nilxturt)  it  yields  propionic  and  aoulic  acids. 

STonyl  Alcohol,  C,H,|OH,  is  obtained  by  the  aerieH  of  reactions  a 
.4iM0riUMl   rroni   the  uouane  of  American  petroleum,  and   likewise  oucnrti 
tOg<'ther  with  the  nonene,  C^Hi^,  in  that  portion  of  the  liquid  obtained  h 
distilling   amvl    alrohul  with  zinc  chloride,  which    boils  between  134^0 
L     (273. 20  F.)  and  15t»o  C.  (302->  F.).     Nonyl  aloohol  boila  at  alx>ut  20UO  C] 
^m    (302O  F.).     Nonvl  chloride,  C.H„Cl,  hoii  a  speciflo  gravity  of  0.899  at  ItP^ 
V     C.  (60.8  F.),  and  boila  at  190O  C.  (384.8^  F.).  ' 

I  Deoyl  Aloohol,  C,gH„OH,  from  pelrotoum  dooane,  boila  at  210-215O 

C.  (41<>-419^  F.)'  An  isomeric  aUiohol,  prolwibly  l^jlra-eihylated  ethyl 
alwihol,  t.'ll(Csll5),— C(CjH^),nH,  is  formed  bv  the  action  of  dibromacelyl' 
bromide,    CHBr.COBr,   on    «ino-ethyl ;    it    b^ila   at    iri5-ir.70    (\    (311- 

1  314.tiO  F.). 

^^        The  alcohols  of  the  aeiiea  CbH,p-|-,0  containing  11  to  15  oarhon-a1 

I. 


I 

oidH 


rATTr  qboup:  alcohols  a»d  ethers. 


« 


arc  not  known,  bat  componnrl  ethers  containing  12  and  14  oarbon-fttotna 
AI)lK*ur  (o  iK'cur  iu  spvrmactiti. 


Bexdecyl.  ^t  Cety  I  Aloohol,  (*|«1I;^0: 


C„H»(OH),alBo  called' 


I^W,  is  <>l»t.iiiKHl  from  t(|>crtnaoeti,  u  cr,v«tallhiu  fatty  iiul»»'l;ince  fuiUKj  in 
[|ltfi?uli*r  caviti(*ti  in  tlu<  liotul  of  ttie  spLTin  whale  {nyMtltr  tmicrtM-^fihAtuM), 
Thifl  Htitislannt  coiisiBU  of  outyl  pnliiii  t  lilu ,  ^'n^Ui^a*  ^^  ^x'^u' 
C,«H^O,,snil  wlitMi  lifAtt'd  for  kohio  tinin  with  solid  potash,  is  revolved  into] 
|>ota&*iuin  p.tlmiute  and  celyl  iilcoliul : — 

i\.H„.(:rtii„o,   +    Koa   =   KC,.n„o,   +    c„u,.(ou). 

Thci  «»t,vl  alfohol  U  dlssolvw!  ont  from  the  fiisod  mass  hy  alcohol  and  ether, 
and  )iuritti>it  hy  si'vural  i;ry»taIltKAtiiiii«  fruiii  L'ther. 

Cfilyl  aloithol,  ur  ulhat,  in  a  white  crystaDiue  niaas,  which  m^lts  nt  almnt 
&0O  C.  (llZlfU  K.),  and  cry}<lallix«>M  by  t>lowly  cooling  in  tthiniiig  Uniinie. 
It  hoa  nrithrr  taxte  nor  Kiin-ll,  i?t  insoliiMt*  in  watfr,  but  dirtsolvea  in  all 
prnportfons  in  aleoliol  and  other.  VVht-n  lu>at4Ml  it  diatiU  without  dtHrom- 
ponition.  Willi  siMliiDii  it  givrs  off  byilrt>jjeii  and  yield«  mmUuhi  c*»tylate, 
Cjgll^NaO.  It  In  not  fli-'HolviMt  liy  a'^^iiiHtiiH  alkullt'rt  ;  but  whi-n  heated 
vith  a  mixture  of  p*)la£9h  and  limu,  it  givt^s  olT  hydrogen,  and  is  converted 
into  ]>almitio  aritl  : — 


C„H,^a     -f     KOH 


KC„H„0,    -f    2H,. 


^Distilled  with  phosphnrns  pentachloride  it  yielrls  oetyl  chloride, 
C^ll^jn,  ■  Itnipiil  oily  liquid,  having  a  spmtifi  gravity  of  0.8412  at  120  C. 
(fl;l.(iO  I?.),  and  diatiUing  with  partial  docomiMKition  at  a  t^-raporaturo 
»N)ve2n*V-iC,  (:i'»2^' 1-'.).  Cetyl  iudidu,  C„I!iir,  nblaiiKMl  by  treating 
thi*  aloohol  with  lodluo  and  pliospboniii,  Is  a  Brtliil  tvubHtanet-  which  mclta 
at  22^*  C.  (71. (P  K.)<  dissolvuti  iu  alcohol  and  ether,  and  cryiitallixes  from 
alrolinl  in  InttTlacetl  laiuinie. 

According''  to  Hcintz,  ixitrl  alcohol,  or  ethal,  prepared  aa  above,  Is  not  a 
di'flnile  eoiiipoaiid,  Itut  a  mixturu  uf  hoxdiHjyl  aU^jhoi,  fM^Is4^\»  with 
amall  (|ua»tilies  of  thrue  othor  aloohoU  of  the  same  seriea,  oontaining  respec- 
tiviOy  12,  14,  ntid  18  atomii  of  carbon,  innsniuch  tv»,  when  fused  with  put- 
ftah'liiue,  It  yii-lils  the  corresponding  fatty  acids,  C^llj^O^ 

!«ryl  Alcohol.  C3,n^0=C,-n^j(0H);  alsocalled  CmWira^coWand 
in. — Thin  iihotiol  is  oliLain<>d  fnmi  iMiinoSf  wax  or  Pola,  a  »ocr«tion 
envdiopiny  the  branches  of  otTtaiu  tret.»a  In  China,  and  8npp(wed  to  be 
pnMluonl  hy  thu  puncture  of  an  insect.  Tliis  wax  coiii4i:tts  mainly  of 
Ovryl  ovrotate,  *\,Hi4.C„H43,0„  and  ia  decomposed  by  fused  iwitash  in 
tlie  santo  manner  as  spermaceti,  yielding  potassium  cvrotate  aud  tvryl 
ol>- 


I 


C.tH, 


-I-     KOH 


+   c„H,,(on). 


On  dlgMtlng  the  fused  mass  with  boiling  water,  a  solution  of  potassium 
criitAiii  is  iititaJncd,  holdinjj;  cvryl  alcohol  in  suHpension  ;  and  on  precipi- 


tilting  tin*  cf»r»»tio  acid  with  hnriuni  i. 
cipllnto  with  aU'olu'U  the  r<'ryl  nln 


hlori'le  and  treating  the  ri^ultin;^  pre-, 
1  <liRSoIvi*3,  an<l  may  be  purified  by 


ri)|H>at4Nl  i-ryatallization  from  alcohol  or  ether.  It  then  fornis  a  waxy  »ul>- 
Unuce,  melting  at  \)10  C.  (2ttrt.tiO  K,).  HeuttHl  with  potosh-liine,  Ugivt-aoff 
hydrogen,  and  is  otuvcrtml  into  polassiuut  c«^rotttte.  At  very  high  tempe- 
riiturt*ft  it  dlstiU,  partly  undecompose^l,  partly  resolved  into  water  and 
oerolenc,  (',,'Ut  i  '"v  this  chararlcr  it  w(niM  appear  to  br  related  to  llio^ 
aooimdary  aUvhoU.  With  sulphuric  acid  in  excess,  it  foriua  hydraled 
vutrai  voryl  aulphato,  (C„H^),SO,.U,0. 
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Myrloyl  Alcohol.-^„H^0  =  C5(,H0,i(0H).— This  nloohol,  t1_ 
hight'Ht  known  m«<iulif r  nf  Xhf}  »«Ti«»<,  (^'.'^xm+i^V  ^  ol'taiiifit  frotii  tnyrinii, 
tliM  partiiin  f>f  cotuiiiuu  t>M«*8*  vmx  wliicu  m  iusolutl«  Lii  builiiii^  alo>hul, 
Myricin  oon-tiaU  of  luyrJcyl  puIniilaU',  ^'wH«r'  )«^3t*^i*  ""*^  wttoti  tivuted 
with  (x)tH.>h  U  (l«M'«^iiit[M»M>Mi  in  the  baiue  maiini-r  ii^  npennaceti  aii<l  Cliiiitse 
WAX,  yivMiiif;  i:»uta»iiiuiu  paliiiitatt:  and  luyricyl  alouliol.  On  ilit^t^olving 
the  j)rrN]iii-t  in  wat«T,  jirecipilatiag  witit  b&riuiu  chluridi!,  <''xhau»ljng  Lhu 
'precipitate  with  Itoiling  aluohol,  and  dbtsHdviug  th«  Huljtitanuif  depuMil«d 
from  the  ak'ohtil  in  ligUt  petroltium.  purv  luyricyl  alcohul  »eparat4*ri  a«  a 
cryniallind  sulistancc,  having  a  silky  lurttru.  Whon  hcaiu*!.  it  partly  sub- 
limwf  utinlti>rvd,  ami  im  pnrtly  resulvetl  (like  ceryl  alculiul)  into  watnr  ai 
inelcne,  Cjull^*  With  strong  tuJjthiiric  acid  it  yitddirt  niyricyl  nulphat 
Heatinl  wiilt  /totiuli-iimt,  it  gives  ufl*  hydrogtni,  and  la  ounwrtud  into  put 
slum  uieli«aaCL' : 


+     KOH     =     KC, 


+     211,. 


The  roother-lii)Uor  from  which  the  myricyl  alcohol  ha*  ('rystallUed  ool 
aa  abtire  mi^ntionod,  retains  a  amall  quantity  of  an  isonii^rif  alt^ihol,  which 
mults  at  7^  C.  (liil.tP  F.),  and  whi>n  trcatfil  with  i>otiish-limo  yiolda  an 
aoid  ooutaiuiug  a  auuiller  proportion  of  carbon. 


^ 


2.  Moaatomlo  Alcohols,  C,ttj„0,  or  C^Hj^-iOH. 
Two  aloohoU  of  this  acrifs  are  known,  viz. : 


Vinyl  ftloohol,  C,H,0 
Allyl  alcohol,  0,11,0 


C,n,<OH) 
CjllsCOH). 


The  first,  dfnoovepHl  hy  Bt'rthMot  in   1860,  is  ppodueed  l)y  comlBlnfiif 
ethinu  or   act'tyliMm   with  tttilphnric   a<jid,  whcri'by  vinyl   aiilphuriR  arid 
(C,H2)HSOf  ift  fnrmi'd,  and  distilling  th^   product  with  wat«>r,  Just  aa 
the  prupuratiun  of  tHliyl  alcohol  from  ethene  : 

HHsn,    4-    C-ii,    =    (r-H,)Hao. 

(C,n,)H«)4    -f     Hon    «     HIISO^     +     CjHjCOH), 

It  Ib  an  easily  drc^mixwiThlp  li<(uid,  having  a  highly  pungt-nt  odor,  ftnnie- 
what  morfl  volatile  than  watnr,  i^oltihltt  in  10  to  lo  parln  of  1  hut  liqtiid, 
and  pr«H:ipitati*tl  from  Ihi*  solution  by  |>otassium  oarUinatt*.  It  la  isomcrio 
with  ai'i'tit:  ulitfhydc!  and  eithimu  oxide  (p.  GliO).  The  iinivalt^nt  radicle 
vinyl,  Cfll],  whioh  may  tnt  siipposod  to  exial  in  it.  la  related  to  th**  trlv 
lent  radic'lo  cthenyl  (p.  47!^)  in  the  sauui  nuuiner  an  allyl  to  prof^enyl  ( 
btilow). 

CH, 
I) 
Allyl    Alcohol,  C,n,0  «  C«Hfi(OH)  «■  CH   — TlUa  alcohol, 

cn,on 

oovertfd  by  Cahonfs  and  nofmann  in  1856,  may  Iw  supposed  to  oontain  the 

univalfiit  r.nliole  allyl,  ^jUj,  dt-rivwl  from  a  snturalfd  hydrocarbon  by 
abstraction  of  one  atom  of  hydrr>gi'n.  and  iBonipric  with  tin*  trivalcnt  radi- 
cle proprnyl,  C^'jUj),  derivwi  fr»)m  propanp,  CH;, — <'tl, — CU^  by  al»strae- 
lion  (if  thri't^  atoms  of  liydrogen.  Allyl  and  projicnyl  i-(im|ifiiindfl,  indeed, 
art*  easily  converted  one  into  thn  other  by  addition  or  subtractiou  oj 
atoms  of  a  monad  element  or  raUiole. 


id 

1 

le- 

d. 

n-i-io 

licle 

I 


ictioa  of  two 

Ji 


FATTY    OBOUP:   ALGOICOI.H    AND    STUXR8. 


The  glycols  arc  form«,Ml  by  tUu  following  prooeaso*: — 

1.  By  (."omblning  an  nl^flne  wilh  bri)niine  ;  treating  the  resalting  (1il>n>-_ 
Tni(ie  Willi  an  alcuLotic  solution  of  potawiiuui  acftatu,  or  with  silver 
t«;o,  wh*«ryby  it  is  wmvertwd  into  ft  diori'tal**  of  llin  oU'flnf ;    RU»i  dtH*ot 
posing  thin  coiii(irnin<l  with  sulltl  pota:isiuui  hydroxide,  whereby  potassiin 
acetate  and  a  diatoiuiu  alcobul  are  furiULHl,  the  latter  of  which  may  Uj  di 
tilled  off  ;— 


CU^Br 

CH^Br 

EtticDfl  bromide 


+     2AgOC,H,0 


iSilver  acetate. 


CH,OC,H,0 
2AgBr    -I-      I 

t:il,OCjH,0 

£theae  dlacelare. 


Etbenc  Utnoetata. 


-h     2K0H     =     SKOC^HsO     + 


i„: 


Potnaflluiii 
bjrilr  oxide. 


PutAHtliim 
HOetate. 


Kthfoe 

alcuhol. 


2.    By  combining  an  ohiflne  with  hypooUlorous  acid,  and  treating  tha 
reeiilting  ootupound  (a  chtorhydrin)  with  muiiit  silrur  uxide: 


CU. 


CH, 
Etlieu*. 


ClI/' 


aou 


+     AgOH     =   AgCl    + 


0« 


ClIjCl 

CH,OH 

Erhcne 
chlorliytlrla, 

CiljOU 

I 

tlljOU 


Pmperiif*. — ^Tho  glywjla  are  colorless,  inodoroaSf  more  np  loaji  %*iact<t 
lEquida,  havinp  a  itweetiAh  taste,  frwly  !»<>itible  in  watiT  and  aleohul ;  ethene 
alouhul  U  but  sparingly  aoluble  in  ether;  the  rest  disatdve  easily  in  tbjit 
liquid. 
The  ohemical  reactions  of  the  glycols  have  been  stadied  chiefly  in  (be 
nf  eth*'nii  altxihol.  They  are,  fur  lht<  most  part,  similar  to  thoae  of  the 
^  ktoniic  alcohnlri  :  but  ina'^mudi  as  the  glvcola  contain  two  atoms  of  re- 
"^■ettable  hydrogen,  or  uf  hydroxyl,  the  reactions  generally  take  place  by 
two  strL^i*3,  yitflding  iwu  ih>ri»«  of  produi.'ta. 

1.  Klhene  alcohol  treated  with  uitric  arid  j^ivea  up  2  or  4  atom^  of  hydro- 
gen In  exchan^  for  oxygen,  and  is  converted  into  glycuUio  acid, 
C',H/)j,  or  oxalic  aold,  CJlj<\,  according  aa  the  action  takes  placo  at 
oniinAry  or  at  higher  tmuperalures;  thus: 


4 


CH^OU 
ClIjOH 


+       0. 


11,0 


CHjOn 


0H,OH 


=   2n,o      + 


coou 

fOOH 


Under  oerlain  oircurnJiUnc&a  th«  corresponding  aldehydes  are  also  pfo- 

duced,  as  g  ly  0  X  a  1 ,   I       ,  from  othene  alcoUol,  by  rvmoval  of  four  hvdro- 

without  aulKitilution. 
^'^AflMW""  *"*'  '"^'""''  tdiminato  one  or  two  atoms  of  hydrogen  from  tha 
id  form  sabstilution-produota.     Ethene  alrahol  is  strongly  at- 
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tacked  hy  sodium,  yielding  sodiniu  ethenatef  C^B^NaO, ;  and  thia 
oninpoundf  fuMfd  with  exo4«i  of  sodium,  ia  convt-rted  into  disndium 
ethcDAte,  CjUiNa/J,.  Thiw)  conipouudit,  trvat^ni  with  monatomio  aloo- 
bulic  iodidus,  yield  thu  alcoholic  etherti  of  the  glycols  ;  thuti : 


CU,ONa 

CILOH 
Sodium 
ethiroBie. 


+      C,U,I 


Nal 


CHjOCjUj 

CH,OH 

Elh>l 
etiienttc. 


» 


CIT^OXa 
cUteuate, 


4-      2C,UJ        = 


2NaI 


Diethyl 

•theuAle. 


8.  Oxygen  acid$,  heated  with  glycols  in  closed  vessels,  act  upon  them  in 
the  name  inAnntT  an  upon  the  monnlomiu  alcohols,  oouvertiug  them  into 
elhvri^al  salttt  or  compound  uthers,  mouooeid  or  di-acid,  ac<x>rd- 
ing  to  the  pro{Kirtions  used,  iu  the  di-acid  glycol -Hthera,  tho  two  radicles 
by  which  the  hydrogen  ifl  replaced  may  belong  either  to  the  Bame  or 
dilferent  acids,  e.g.^ 


ca,0H 

I 

Erheoe 
ftlcohoh 


+     HOC,II,0     S3     11,0      4- 


Acetlfl 
acid. 


Etbene  nioao> 
aoeiAte. 


CHjOII 

CH,OH 
Etheae 

KlcohoL 

CII,OH 


+    2noc,H,o  «  2H,0    4-     I 


CH,OC,H,0 


Aoetlo 
Add. 


ca 


Etheae 


+       HOC,H,0    a    11,0     +      I 


CU,OC,H,0 

Etheoe 
dlAednieu 

CH,OC,H,0 


I 

^V         The  hahfd acids  (HO  and  II  Br)  art  In  the  same  manner  oaoxrgen-adda, 

h:^— 


Bufvria 


moDo-acetAte. 


fyrl 
cid. 


CHjOH 

CHjOH 

El  bene 
alouhol. 


AC 


ua      « 


CHjOCjHjO 

Ethene 
bulyraeetato. 


H,0 


CHjCl 


,0H 
Etheoe 
ohlorhydrla. 


With  htfdriodic  acid^  a  farther  action  penprally  takes  place,  reanlting  in 
the  separation  of  iodine,  and  the  formation  of  an  oleflue  ;  thus  : 

CH,I— ^I'HjOH     4-     IH     =*    C,H,    4-     H,0     4-     I,. 

Tl»e  monoehlorhydrinB,  etc.,  of  the  glycols  (hnlnid  hydrins),  are 
also  produced,  as  above  mentioned,  liy  direrl  addition  of  hypnchlnmua  acid 
to  the  otetlni^a.  Whvn  treated  with  nanoent  hydrogen,  they  are  oonv4 
into  mouatomic  nlcohols;  e.g., 

CjH.CUOH)     4-     H,    =    HCl    +     C,H.4(0U). 
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When  boAted  with  metalUoaalt*  ihcy  form  mouo-aoid  wimpnuud  ctl 


CH.CI 

CH,0C,U.O 

J               -f     C,H,O.OK    = 
CH,.OH 

KCl     +      J 

Ethrne              Potntiliim 

Llheoe 

ehlorh]  Jrln.            ncct  Ate. 

monoacctnt«. 

T1i(*  hftluul  hydriiis  trH&lcd  nil))  allcaliefi  are  conrcrled  into  theo3 
hen  or  auhjUrided  uf  the  gl^'ooU,  C'^ll^O  ;  thuH 

CIljCl 
UHjOH 


4-   Kon   »   KCl   +    11,0   4- 


*lic«e  oxtdes  are  Isomt'ric  with  thi'  aldchjdos  and  kotonca. 
The  dichlorinat ed  ifilhera,  vtv,  (haUuil  dihydrins),  prodnoed, 
alrfftd/  observed,  by  direct  combination  of  chlorine,  brominf,  and  indi 
with  tin*  olt^fim*  Cp.  .*il(>),  luay  also  bo  furmwl  by  the  action  of  the  chloridt«, 
'bruiuidos,  and  iudidi-^  of  pbos|jhoru9  on  the  glycolii ;  r.  i/.. 


C,H,(OH),    +    2PCI, 


2F0C1,    +    2Ha    -h     C,H,CI, 


Methene  Glycol,  rH,((M[)j  is  not  knnwTi.  and  in  all  probability  can- 
nut  t.'xUt.  U  ii)i|K*JtrH  indi-nl  tliAt  a  singin  rarbon-atoiu  i^  not  ca]>abb>  of 
atlrac'ling  to  itself  iiiuro  than  on**  hydroxy!  ^roup  ;  and  in  roncliunii,  whtrtj 
auch  dihydroxyl-fonipoundrt  nii^lit  he  uxpeoted  to  nsiav,  wali-r  is  Sfpfirauvt, 
and  the  oorn-HiHinding  uxid**s  (i'.  c,  ahifhydcs)  are  aciunlly  produivd. 
Thus,  on  hrating  ethid^nR  diuhloridt',  CII, — (.'HCI^  with  nilver  ai-otnto,  and 
distilling;  i\w  rt-AiiUin;*  acotic  othtT  with  |nHni<h,  the  prr«hu"t  obtniruti  in 
not  ••tItidt'nL*  (jtyi^d,  ClI, — C'Il(OIl),,  but  th*f  i>ro(lucU)  of  itji  ducompoaillon, 
namr-ly,  wator  timi  aldfbydt',  Cllj — ('liO. 

Kibi-r^  of  metheno,  or  of  methciw-glyL-ol,  hnve.  howpvor.  been  prorlm 
The  haloid  olhtrnt,  Cil,I„  etc.,  lixw  already  Imh'U  diiicribcd  (p.  51tJ). 


Metbene  Dimethylate.  CII,(OCHj),,  also  calU«d  Methylal and  FnrtmU,  _ 
fbrruod  l>y  the  oxidation  of  methyl  nk'uhol  with  n)anganw«f<  dioxid**  and 
sulphuric  acid.      It  i»  nn  ethereal   liquid,  having  a  up<H.'jfle  gravity  of 
0.855.  and  boiling  at  42°  C.  (107. liO  K.).     It  mixes  readily  with  alcid 
and  ethiT,  and  dissolvus  in  three  parUi  of  water. 


and 

of 


Metbene  Dlaoetate,  CH,(OC,HjO)„  formed  by  the  action  of  inetheu« 
iodid*?  on  ailviT  ac»'tat«,  is  an  oily  liquid,  heavier  than  water,  and  tKMlinj 
at  170O  C.  (3380  F.).  It  is  insoluble  in  wat«r,  and,  when  boiled  wH 
alkalies,  is  converted  into  tnethene  oxidu. 

Methene  Oxide,  Cfl,0,  laomorio  with  formic  aldehyde,  H.COO, 
prorlncfd  by  the  i\etlon  of  oxide  or  of  oxalate  of  silver  on  methene  iodi 
in  the  laltoV  eaaw  with  evolution  of  oarbcm  monoxide  and  dioxide  : 

CH,l,     +     C,O.Ag,     1-     CH,0     +     f^O,     +     CO     +     2Agl . 

The  distillate,  however,  ennsiats,  not  of  011,0,  but  of  the  polymeric 
pound,  C^H-Oj.  which  eolleets  in  the  reiviver  as  a  crystrtlline  mafto,  nolu- 
blo  in  waUT,  ab-l.ol,  and  ether,  meltinR  at  1520  c.  (1105. ti"^  p.),  and  aub- 
liming  below  lOOO.  The  density  of  its  vapor  is  1.06  refernni  to  air.  or  15 
referred  to  bvdn)>:en  as  uuitv  ;  ami  as  thi»  is  half  the  molet-ulai-  weijjhl 
rvprewente*!  by  the  forrauln  CH^O  (12 -f- 2+ 16  =»30),  it  follows  that 
formnla  wrrectly  repri*Ment»  tlie  molecule  of  the  wmiiMJund  in  the  sUti 
vapor.     On  the  othvr  hiunl,  the  wdid  oom|>ound,  when  treated  with  hy< 
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gen  flalphld«,  iff  oonTerted  int»  methane  sulphide,  a  hodjr  which 
ni«;lte  at  21tP  C.  (424^  P.),  subUniM)  easily,  and  yields  a  vapor  whose 
density  (69  referred  to  hydrogen),  shows  that  the  moleoale  of  this  com- 
pound is  not  Cl^S,  but  C,U^.     /3fl4- ti  +  9g,,.^Y     U^^^jj^  ^  i,  inferred] 

that  the  oxide  from  which  It  in  formed  has  alao,  in  tlte  solid  state,  thtf] 
eoniftituliou  represeutvd  by  the  formula  t',H,Oj,  or  (*-llj),Oj . 

Mothene-dUulphonic  -r  Methioalo  add,  CH,<^»{{  .formed  bjrl 

the  aotion  of  fuming  sulphuric  acid  un  act^tauiido  or  acctonitril  (methyl 
cyanide,  CH,.C'N  ;  see  below),  oryHtallizt>s  iu  long  deliquescent  nucdluH.  It 
IN  rery  MtahLe,  not  bcinj^  alt^rt^d  by  lK)iling  with  nitric  aeid.  The  barium- 
nalt,  CH,(SOj)jBa  -j-  -H,0,  formH  nacreous  Inmioje,  sparingly  soluble  in 
water  ;  it  is  precipitate«l  from  the  aquouua  solution  of  tliv  acid  by  barium 
chloride. 

Methene-hydilnsulphonio  acid,  ''"a<C^*^(|  u  .  or  Or  if  mrth^l-stil phonic 

nrui,  t»  (ibtaincd  by  acting  on  int-thyl  alcohol  with  sul[ihtiric  anhydride, 
and  btjtiing  the  pruduut  with  water.  It  crystallizes  with  ditfioulty,  and  is 
mmlerattdy  Htable.     Its  barium  salt  cryalallizes  in  small  auhydruus  tables. 

Bulphacetlo  acid,  ^''^a^Cco'lI  (^^^^^"**  oarbonyl-aalphonio  acid),  i« 
the  first  product  of  the  avtiou  uf  sulphuric  aoid  on  aoetauiide  or  aoetoni- 
Iril: 


I  + 

Acetaiiii<Je. 


(NIIJHSO,     +     ^•H,<^»5 


Acid  ninmnDlum 
•uljiliatc 


SulphAoetlo 
aciil. 


It  is  also  produced  by  heating  a  mixtnrn  of  glacial  acetic  acid  and  sulphiirio 
anhydride,  and  aa  a  sodium  salt  by  boiIln{[  a  solution  of  sodium  sulphite 
with  sodium  munochloracetate : 


CHXl 


Jo 


ONa 


+    so,<5J; 


NaCl 


_i_    en  ^^:>Na 


By  neutralizing  Ihe  solution  obtained  by  the  second  proiiesa  with  lead  car- 
bonate, and  dueompoflin^'  the  Holution  of  llu'  ri'Kulling  leod'Salt  with 
hydrogen  Hulphide,  a  uolution  ih  obtained  which,  when  coitrenlrated,  yields 
sulphao*)tic  acid  in  IranKpareut  prismn. 

Sulphacetic  acid  ift  n  ntron^;  bihaHic  acid.     \Vh«n  heatM  with  sniphurio 
anhydride,  it  is  uunverted  into  methent^-dlsulphonic  or  methlonio  acid  ; 

CH,(SU,[I>.CO,U     +     SO,     =     CH3(aO,H),     +     CO,. 

Hence,  also,  mcthlonic  acid  is  obtaint^d  aa  the  ultimate  product  of  the  actioi 
of  fuming  sulphuric  acid  on  acetamide  or  acvtauitril. 

nijOn 

Bthene  Olyool.  C,H,Oj,  =  C,H,(0n),=  |  .  prepared  by  dU- 

nr.oii 

tilling  th*'  mnnoicetate  or  diacetato  of  cthcnc  with  cnnstlc  potash,  is  a 
colorless  Iscid  *>qnid,  having  a  speinllc  gravity  of  1.125  at  (P,  and  boiling 
at  197  yj  I*.  (:V*7.50  F.).  It  mixes  freely  with  water  and  alcohnl,  but  ia 
only  r'ght  ycduble  in  ether.  Ila  reaction  with  sodium,  «ft4.V&tVo!raa.V 
fil 


I 


i 
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of  ctliyllc  ethers  by  treating  the  rvaulting  Bodium  dertvatlveB  with  eth^l 
iudidv,  havL*  bevn  already  desorilieil  (pp.  538,  599). 

Ethtflic  Ethemti^y  C,U,(OU)(OC,Uj),  likewise  formed  by  direct  onmbi 
tion  ofethene  oxide  with  ethvl  aloohol,  is  a  liquid  haviug  a  fragrant  od    _ 
and  boiling  at  Vll'^  C.  (UUa.tiO  K.).     The  dtcthylic  etJter^  C,H»{0C,HJ,,  boti« 
all2;joc.  (253.4'^  F.). 

Glycol  heated  with  zinc  chloride  yields  aldehyde  ; 


cn,0H 

CII.OH 


—  ILO 


tiio 


Wiih  photphorus  ffvniacAIoride  it  forma  ethene  di  chloride: 

C,H*(OII),    +     PCI4    =1=     PCljO     +     Ufi    +     C^^Cl,. 
Bt/driodic  acid  retluoea  It  to  ethyl  iodide: 

C,H,(OII),    4-     3in     =t     CjHjI     +     211^0     4.     I,. 

.  I,  ^>H 


Ethene  Chlorhydrate  or  Bthene  Cblorhydtin,  -i"t^^(;| 

fomii'd  by  hrating  glycol  with  hydroclilorio  neid,  ur  by  agitating  etheno 
with  aqueuus  bvpuchlumus  acid.  It  is  u  c<ilt.irl<'!5H  liquid,  misciule  with 
water,  and  boiling  at  128-^  C  (2(i2.4^  K.).  By  oxidation  with  ohromlo  acid 
mixture  it  is  converted  into  monoubloracetic  acid  : 


CjU,(01I)Cl 


o. 


+     C,H,C10,. 


By  heating  with  potassium  iodide  it  i»  converted  into  ethene  iodh 
driu,  (.',11,(110)1,  11  viscid  liquid,  which  dceomjKjaes  whi-n  distilled. 


1 


Btbene  IVitrate,  ('^IIiCXOs),,  produoed  by  heating  ethene  iodide  with 
silver  iiitratt^  111  iili-tiholie  solution,  or  by  dlsHulving  glycnl  in  a  mixture  of 
strong  nitrie  and  sulphiiriii  acid,  i.s  ayeUowi;di  liquid,  of  speciHc  gravity 
1,493  at  80  C.  (4tJ,4^  K.),  insoluble  in  water,  exploding  wheu  heated.  Bj 
alkalies  ia  reaolvttd  into  glycol  and  nitric  acid.  'M 


Bthene-sulphurio  Acid,  C,n,.SO,n,s=S<)j<^^" 


<)('  H    '  **  produced  by 

heating  glyenl  with  sulphuric  acid.  Its  barium  salt,  obtained  by  neutral- 
izing the  rwded  acid  solution  with  barium  (-jirlKinnte,  is  very  biilubl**, 
deliqneacont,  and  decomposes  when  heated  with  baryta-water  into  etlien« 
and  barium  sulphate.  j| 

Ethene  Oxide.  CjH^O,  or  f^<Jii'  .  >Bnraeric  with  aeetir  aMehyd**,  lir 

formed  by  t!io  Jicli<pn  of  caustic  potash  on  ethene  chlorhydrin.  The  action 
ill  violnTit,  and  the  ethenw  oxide  is  given  off  in  vapor,  which  may  Ite  con- 
densed in  a  receiver  surrounded  by  a  freezing  mixture,  and  containing  a 
few  lumps  of  calcium  chloride,  over  whicli  the  pnfduct  may  be  afterwanla 
dried.  It  is  an  ethereal  m«bile  liquid,  having  a  speeifio!  gravity  of  0.808 
at  (P,  boiling  at  13.50  C.  (5(j.30  F.)  (aldehyde  Iwila  at  21"^  C,  'G9.H<^  K.), 
Ukd  miaclblei  in  all  proportions  with  water  and  with  almhol.  Whfu 
the  aqnoooa  solution  i^  treated  with  sfxiium  amaltfam^  in  a  vessel  snrrounded 
with  a  fre«zing  mixture,  the  ethvnv  oxide  tak«s  up  hydrogen,  and  is 
verted  into  ethyl  alcohol: 

C,H,0     -f-     H,     =     C,H,0. 
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Btbene  oxide  unites  with  ammonia  in  Boveral  pmportionfl,  forming  the 
following  Imaic  ix>mpoiin<l8,  all  of  which  are  syrupy  liquids : 

Monoxetheuaoiiite  .....  C,H^O.NH« 

Dioxetbenamiue (*-yj,0),.NII, 

Trioxethcniunlne (C,H,0)3.N11, 

Tetroxulbt-iiauiiHe (r,II/>)(.Nllj. 

This  characttT  diittinguishes  utthf^nA  nxidA  from  aKtfhydu,  wliirh  fnnnji 
with  aiiiruunia  a  cryslaUiiu*  oumpoand  Dot  pos8i':iisJug  basic  propi>rtit4.  A 
furthtT  diiitiiirtion  Iretwei*!)  thvse  two  isiiniMriu  tNidi'.'it  if),  that  aldohyd* 
fonus  cry:italline  oompotindM  with  the  acid  sulphites  of  the  alkali-iuetaU, 
a  ]>ruj>LTty  uut  |M>!Ut^!4t.*tl  hy  etlii'Ut;  uxidu. 

Ktheni*.  oxide  ia  a  powfrriil  hsMn,  uniting  din*etly  with  unV/jt,  preoipital* 
Ing  uiagnesia  Oom  a  sohitinu  of  magni*!iium  cliluridu  at  ordiuary  ti<)U])4-ra- 
tures,  and  ft<rrio  oxide*  and  alumina  frum  their  baliiiu  flulutiuii:)  at  lUOO  0. 

(2120  P.),     With  h^rnrJiloricacid,  it  forinB  elh^-no  chlnrliydrin,  ^^j^^i^niu 

and  with  acttieacui,  etheoe  acetobydrin,  C,H,<[2y3^*"^  -     It   also  unilea 

with  wa/er  in  aerural  pruportious,  forming  glycol  and  the  following  oou* 
potuida. 

Polyetheolc  Alcohols. — Theso  aro  bodies  which  contain  the  element* 

of  two  ur  more  ujuli!L'ul)*tt  nf  cthi'ni'  oxiile  i-<niiliin»'d  with  nnc  molcculo  of 
wat^-r.  and  may  bo  regarded  as  fortnod  by  the  union  of  two  or  more  luult- 
cnl(*a  of  glya>I  (mono-uthi'uic  alodiul),  with  idiuiiniitiun  of  a  uuuiUt  of 
wat4tr-moU*ctilea  Ufi>H  by  ono  than  thu  numlier  of  glycol-nioU'tuh't;  whicb 
enter  into  coml)inAtion  ;  or  as  derived  frum  three  or  more  moleuultra  of 
water,  by  »ubetitutiou  of  uthtjue  for  the  whole  of  the  hydrogen  except  twtf 
atoms :  thu8 : 

C.H.O  or  (r  II  )H,0,  =»  CjH.O.HjO 

Mbneebenlo  nfcohot  £tlif  ne 

(glycol).  uxide. 

C.H  oO,  or  (C,H,),H,0,  =  2CJI  O.H,0  «  2CJI,0,— n,0 

UletbeDlo  nicohol.  Efbeos  Ofyool. 

oxide. 

C,H,,0,  nr  (r,Hj,n,0,  K  3C»n.(l.H,0  ss  3f- FI.O,,— 2H,0 

Irlcttiaalo  aluohol.  Ktheno  QiycoJ. 

OK  tile. 


I 

I 

I 


Tetrclhenio  Aldohol.  Kthene  afyool. 

oxide. 

iwjtWlo  alcohol  Athene  Glycol. 

oxide. 

The  polyftthenic  alcohols  are  formed — 1.  By  healing  ethene  oxide  with 
water  in  scaled  tui»eB.  In  this  mannpr  Wiirtz  obtftin»*d  dlMhenic  alcohol 
tofiethf'r  with  ttinneth«*nic,  and  a  flmall  quantity  of  Irin'thcuin  altrohol.  2, 
By  hi'atint;  cthtine  oxide  with  glywd  in  Bt»alt»d  lubes  :  this  proccsii  yields 
the  (li-  and  tri-^thenio  aUoliols.  3.  By  h'>atinsr  fflvool  with  othene  bro- 
mide in  sealed  tubes  to  100O_i20O  C.  (2120-2480  F.").  The  drat  producU 
of  this  reaction  are  dietheiiic  aU-uh'tl,  ethen*?  bromhyrlrin  anri  water  : 


3(r,H.)n,0,  +  C.H.Hr,  ^  Cr,H;),H,0,  -1-  2(r,ri.)Br(()H)  +  H,0; 
Moopthrnio  Kthpnc  bietbenta  Klhme  brom-         


10 

alcohol.  bromltle.  aleohoU  bydrto. 


I 


L 
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n 


IU«&1 


I 


»ii(l  t!iyoUi»»r  polyrtlHMiic  n,lcohn|[i  nro  rormed,  each  from  Ihe  one  next 
Wlnw  it  ill  tliii  seritis,  by  thu  action  of  ctUenn  brouihydrin,  acoi>niiuj{  tu 
the  geiierul  tH[Uuliuu  : 

(r,Hj„ll,0,^,    +     (C,H,)Br(OH)    —    (c,n,),+,e,o,+,    4.     H 

The  hviirobrouiio  arid  ihus  formed  then  acts  on  the  excw^s  of  gljord 
Beut,  reprotluoing  etheue  bn>mhvdrinf  and  thutt  the  action  in  poutinit*^'' 
By  tliia  pruoc^s,  the  2-,  3-,  4-,  5-,  and  6-etht'nic  alcohols  have  been  ob- 
tained and  Heparattfd  hy  fractional  difltilliilion  ;  and  when  a  suiflcifnt  ex- 
(v«H  nf  );]yrt»l  ia  present,  tlio  tcmper&tnrt*  being  kept  betirefn  IKO  C. 
(2*P  v.)  and  12(»c>  C.  {24^  K.).  «tiU  higher  membera  of  the  serits  aru 
prinlured. 

Till'  (Kilyetht'nic  alcohols  an^  svriipy  liqnids,  hewiming  more  viscid  aa 
their  molecular  weight  invreaj^eti :  tliuir  LtuiUug  point  riseai  hy  about  4f>^ 
C.  (Sl*^  F.)  fnr  eairh  addition  of  r,ll,0. 

Virthftnif^  nltyfhol,  C^U^t,i\  or  (C,H,),I1,0,.  boilg  at  alwnt  24^0  C.  (5730F.)  ; 
the  diMisit/  of  its  vapor  is  .'*.7H  (air  =  1);  by  caluulatiuu  it  should  U<  3.67, 
»o  that  it  exhibits  tlie  normal  vondenHation  to  two  voiunie^,  By  contact 
with  platinum  blaek,  or  by  tr>*atment  with  nitric  acid.  It  is  oxidixod  to 
diglycolliB  a«>id,  C^H^Oj,  an  arid  i?ir>ui«-ric  with  malic  acid,  and  formed 
from  dietlienii;  alcohol  by  flutttjlitiUion  of  O  for  Itg,  just  aa  glyiv)Ilic  acid, 
C,n,Oj,  i«  funned  fri>m  mcuitdhi'iiic  JiUulnd,  C^H^O,.  Tfiethrnic  alcohol^ 
CqH.,0^,  ur  (i.',H4),II,jO^,  iH  oxidized  iu  like  manner  to  etheae-diglj^ 
cutiio  aoid,  CgUi-jO^.  j^M 

Hthene  Hydroaulphide  or  Thlohydrata. — F.thrmi^  or  gtyrolk  mrrcap- 
tan,  (\\[^{^H),,  fiirin«il  by  the  action  of  t'tlnMie  bromide  on  an  alcoholic* 
Holution  of  j.ii)taH<«iuiii  liyclmnulphide,  is  a  c«tlorles*i  4)il,  of  B^tecinc  gravity 
1.12.  boiling  at  Mt!^  C  (2lt4.8-J  F.),  insolnhle  in  water,  solnble  in  aUMihot 
and  ether.  With  lead  aceJtHe  it  formtj  a  yellow  precipitate  c<in8i8ting  of 
i'jU^SjPb,  and  similar  compoumla  with  other  metallic  salbi. 

Stbene  Sulphide,  '\1I«^.  formed  by  the  action  of  ethene  bnimldc  on 
pulnH^siiini  isiiljiiiidf  in  nU-iibolif;  aoltitinii,  in  a  crv^ttalline  Itndy,  mrlting  at 
lUtOC,  (23i»o  F.),  aii.l  iK.iling  at  20(fO  V.  (3920  K.).  Us  vapor-denaily 
(II  ^  I)  is  tilt,  Hhowiug  that  its  mulecular  formula  is  (CjU^)^,.     Ita  00a- 

Btitntion  is  therefore  C^Hj^^^CjH^  . 

Ethene  Hydroxyaulphlde  or  Monofchlo-hydrate,  C,n,(01T)(SH), 

fonind  by  thtr  artioii  of  clIienH  L-ldurhydrin  nn  pnia»:^iiim  hydro^ulphhle, 
iti  a  liquid  of  similar  proporties,  and  fonns  sallx  in  which  half  the  hydro- 
gen ia  replacwl  by  a  metal.     Nitric  acid  oxidizes  it  to  isothionic  acid. 


1 


Xitbene-aulphonlo   AoiAB.—Ethfnf-diiuIphonic  aciff, 

CjH,<^^*jj  '  '^  fnrmed  by  oxidation  of  ethene  hydrwulphlde,  CjH/Sl 

and  ethene  thiocyanate,  C,H,(CNS), :  by  the  action  of  fuming  Bulphnrio 
acid  on  alcohol  or  .-ther  ;  and  by  lK>iling  ethene  bromide  with  a  strong  ao- 
lutiou  of  potassium  sulphite  : — 


C,H,Br,     +     2(KS0,.OK)     =     2KBr     +     C,n,<^^; 


OK 
j.OK 


It  forms  a  thick  liquid,  verr  polnble  in  water,  difflmU  to  eryalalUze 
crystallized  acid  mclla  at  Q40C.  (2lH  .'.lo  K.).  The  barium  Balt,C,lL(80^,Ba, 
crysiallizos  from  water  in  aiz-sided  ublus. 


CTLIENE-BULPHONIC    ACIDB. 
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Ethene-hjfdriniulphonie  aeid,  or  liethionic  acid,  C-H^^^  »  . 
isomeric  with  olbylsiilphuric  acid,  SO,<^p  „  »  ia  produced  by  the  oxi- 
dation or  etheue  moiio-tbiohydrate,  ^'t^a^ctt  t  velih  nitric  acid ;   by  the 


action  of  nitroiu  acid  on  taurinu :- 


^>"'<solk   +   N"^'" 


b/  lieating  ethene-chlorh/drin  irtlh  potasaiani  salphit« : — 


^i"*<Cci 


-     KCI     +     C.H,<^^ 


and  bj  boiling  ethionic  a«id  with  watvr  (p.  606). 

When  vapor  of  sulphuric  anhydride  is  passed  into  well-coolud  aloohot  or 
eth»r,  and  the  product  it  boihnl  with  water  for  BtfVfral  hour»,  a  tfolutiou  ia 
formed,  ccmtaimng  L'thiouic,  sulphuric,  and  a  iimall  quantity  of  lurthlonic 
acid  ;  and  ou  saturatiug  thia  liquid  with  barium  earbi'iiatf,  filtering  from 
barium  sulphate,  and  leaving  the  nitrate  to  ami,  methiunati.*  of  baiium 
oryrttallizeti  out  flrcitt  and  afUTwarda  the  iDethiouat^. 

Itfethiuuio  acid  U  a  vlncid  liquid,  whiuh  dot<*a  not  easily  crygtallize :  it  ia 
not  d<MX)mpofied  by  boiling  with  water.  Its  saltA  are  Ktahh*,  and  rry«tnl- 
lizH  well.  The  ammonivm  salt  crystallizes  in  rhombic  plate's  melting  at 
iWK>  C.  (374-^  F.):  wl»en  hoatod  to  2IO-2'2lio  C.  (41<l^:£^  K.),  it  ia  con- 
v«r tod  into  amidethylaalphonia   anid   or  taurine  :— 

By  tho  action  of  pho«phorua  pontachlorideon  iaothionto  add  or  Its  salts, 
the  chlurlde,  C^IIjCl.SOjCI.  >»  farmed,  as  a  liquid  which  U.ils  at  200O  C. 
(3D20  F.),  and  «  cou verted  bv  boiling  with  water  into  ohlurethyUuI- 
phonio    acid,  C,ll/'l.SO.]t. 

Taurine,  C,Hf(yil,).80,H,  occnnt  In  combination  with  cholia  acid  (as 
taurooholio  acid),  in  the  bile  of  oxen  and  other  anitnaU,  and  in  various 
other  animal  ttecretiuns.  It  may  htj  prepared  by  boihng  tauroehoUo  acid 
with  an  alkali ; — 


TnUfoabollo  aeld. 


H,0     «     C   IT, 

Oliollo 


I.    -h     C,H,NSO, 
fd.  Taurioo. 


Tt  la  formed  artificially,  as  already  obsorvi^,  by  hoatlnj?  ammonium  lac- 
thionato  to  23r>0  r.  (44(P  F.):  aliw  by  heating  ohlorothylaulphonic  acid 
with  aqn«K>nfl  arnniniiiu. 

Taurine  erystallixea  In  large  monoclinio  prisma,  easily  aoluble  in  hot 
water,  inaohiblM  in  alrohol,  melting  nnd  decomjKwing  at  alxtut  240O  C, 
(4ij4^'  F.)-  [t  rnnn<t  saltR  with  alkalies^  and  diaaolvua  in  acida,  but  sopa- 
rates  from  the  Hi>lution  unaltered. 

Taurine  ii*  nnL  deo>mi>i>»ed  by  boiling  with  acids  or  with  alkalies,  bnt 
by  fusion  with  pota£«iuu  hydroxido  It  Is  deoovposod  in  the  manner  shown 
by  the  e4iiiation  :— 

f,"4<N",>.S0iK   +  2K0H  =  C,H,KO,   -f   SO.K,  -j-  NH,  -f  H, . 

Nitrous  acid  oonverU  It  into  Uethionlo  acid. 

£tkionicacid  and  Anhydride, — ^The  anhydride,  CjH.SjO,,  formerly 
led  miphate  tjf  carb^,  ia  formed  by  passing  the  vapor  of  sulphur  Uvux.\d«k 

fil* 


ifti 
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Into  anhriirous  Alcohol  ;  alao  by  direct  union  of  ptliniM*  with  snlphtir  tri- 
fMcid«^.  It  ia  a  very  d*?liqui?swnt  tTystnUirn*  ina^ts,  which  moltti  at  80"^  C. 
(176<^F.).  It  rewlily  Uik^A  up  Lhti  etttm^nts  of  water,  and  u  oourvrted  into 
«thioaio  acid 


c.H.<^6f '>o  +  HOH  =  (•,H.<2o!!^;ril"* 


Anhydride. 


Aold. 


I 


Kthionit!  acid,  having  one  ot  its  suliihtir-atoniift  ranniictod  will 
earbon-nttiiii  directly,  the  nth<T  only  tlimugh  Ihf  int'diuni  of  oxygen,  acts 
both  aa  a  sulphouiu  aiiid  find  ad  an  acid  other  of  Hiilphnric  auid  ;  it  ia 
thereforu  biba^ic.  Both  thi*  frve  acid  ami  ila  :^ulls  aru  rvsolvvU  by  boiling 
with  water  into  aulphnriu  and  i»i4hionir  acids  : — 


'.".<:s:h 


ISOjH 


4-     H,0 


SO.H,     +     C,H.<^^ 


ETHIDBKE     COMPOrNDB 


Eihidene  dichloride,  C'H, — CHClj^  has  already  been  described 
fil8).     Theoxiif/e,  UH^— CHO,  is  ordinary  aldehyde  (8(W  Auikhtokb). 

Ethidene  Dimtitktflate ,  CH, — CHCOrHj),,  occurs  in  crude  wood- 
spirit,  and  is  forim-tl  in  lIr'  <ixid,'ilii>n  of  u  ti)i!Ctiirt>  nf  lUfthyUo  and  ethylio 
aloohoU  :  also  by  healing  uldidiydi'  with  luctliyl  alcohol.  IL  Ik  a  foU^rU*sii 
cHhereal  liquid,  having  a  ^pcuitlc  gravity  of  0.8555,  and  lK)iting  at  tio^  C. 
(149  F.)-  ^ 

Ethidene   Meth^l-etkglale,  CH^— cn<^^^^  ,  formed  Blmulti^l 

oualr  with  the  preotMling  by  tho  oxidation  of  a  miature  of  mothjl  and 
ethyl  alcohol,  boiU  at  853  c.  (IbS^)  p.^. 

Ethidene-Diethylate,  or  Aretat,  CH, — Til  (OC^Hj),,  isomeric  with 

elhfne  diidliytnte,  Im  formed  by  uxiditliim  of  uthyl  nliohul,  and  is  found 
amonji  the  first  portinrifl  of  thi;  diiftitlatc  ohtaliifil  in  th»'  pr*'paratinn  of 
ordinary  spirit.  It  is  furmod  alHo  by  thu  ufliim  nf  soiiiitm  ethylatc  on 
rthiib*np  dii-hloridi!,  and  by  heating  aldehyde  with  alcohol  to  lOOO  in 
seaU'd  tubes  : — 

It  is  a  liquid  smnltinp  liko  alcohor,  haviuR  a  specific  gravity  of  0.821 
220  C.  (71. (iO  K.),  boiling  at  U»4^  C.  ('ilJt.i^  p.).     With  lA/oriHe  it  yield* 
mono-,  di-,  and  lrichloracet.il. 

Ethidene. sulphonir.  uru/s.— The  relation  of  these  somewhat  iin- 
ntftbl.'  acids  to  thi'lr  Isomerides,  the  ethene-flulphonio  acids,  fa  shown  by 
lUe  following  formuln  : — 

CH,.OH 

Iiettilonic  aoid.  Ethldenp-oxriiulpliuaLa 


M 


CH,.SO,H 

CH,.SO,H 
f/li^Dp-dinulphonla 

Mi4- 


ixTiiulpliua 
iia. 


"  so,n 

Etbldfrftp-dUulphonli 


PUOP£N£    GLYCOLS. 


Ethidene-tlisulpltonic  acidf  CH|.Cn(SO|H),,  Kod  ICthitiene-cklorotuljtliaiuc  aci 

CH,.CH<^.v  „  ,  are  fonmHl  bvlieating  etbideni*  dichloridtr  (p.  518)  with  an 

aqueona  solution  of  nmitral  Aodium  Hulphite  lo  aU>nt  1400  (\  (2g40  p.^. 
The  fonntor  is  very  unstablo  ;  the  latter  is  moderately  stublo,  aud  furtiui 
well-orjrataUized  salt*  :  \i»  uudium  sail  oryKtallizeii  iu  iiacrwu»  lamiuaa. 


Propane  Oljoola,  C,HyO^  =  C3H«(OII),.— There  are  two  of  tbcao 

diatomic  alcobuU,  ruprettuuted  by  the  following  forraulw  : — 


CH, 

CIIOU 

CIt,OII 
Propftoti  glyeol. 


CU^OU 

h 

CH,.OH 

Trlnetheov  f  IjvoL 


They  are  analogous  to  the*  .second  and  fourth  mollifications  of  the  diatoml 
haloid  denVatirt^  of  prnpt^nf,  already  descrilxHl  (p.  51H).     (jlyads  analu-, 
gou3  to  the  Ilr.-*i  and  thinl  of  these  deriv&tirvt},  vi«.,  CHj — (.'H, — CX,  a 
CU| — ('Xt^CII,.  aru  nut   known,  and   probably  cunnut  vxiat,  since  it  ap- 
pears, AH  Already  notictxl,  tliat  two  hydroxyl  groups  i:annot  bu  attached  to 
one  car  boil -a  lorn. 

Propene  gljreol  is  formed  hj  heating  the  oormsponding  broniida,  * 
CH, — CHBr — ClljBr,  with  silver  acetate,  and  the  resulting  avt^tie  ether 
with  potash  ;  also  by  Jieating  i>rop«Dtt  chloride  with  water  and  b'a<l  oxide. 
It  ia  a  colorleijs  oitr  liqCi id,  having  a  sweet  tastp.  a  speeitlc  gravitv  of 
1.051  at  (P.  and  u/iling  at  1-S^Q_J890  c.  (370.4O-372/J-  F.).  I"  wutaot 
with  platinum  black  it  is  oxidised  to   1  actio   acid  : — 


CH,— CHOU— CHjOH   +   0,  «   11,0  +    €11^— CHOH— COOH 


Heated  to  IClO^  with  strong  bydrii>iiic  acid,  it  givtw  p»eud«»prnpv-|   iodidM, 
CH, 


"HI— CH, 


dichLorido,  CU|- 


Phfwphorus 

:'Hci— cii.ci. 


ptiutachlorido  oouvurts  it  iuto  pro[R*n6 


i 
I 
4 


PtopvM  eklarhtfftrin,  CH,— THOH — 011,0,  is  formed  by  the  aelion  of 
gaaeous  hydrogen  chlori'le  on  the  glycol,  and  liy  that  of  bypoohlorous 
acid  on  propene.  It  has  a  speciUc  gravitv  of  1.302  at  0°,  and  boils  at 
127'5C.  (2(J«).aOK,)- 

The  corresponding  bromMt/drin  boils  at  about  146^  C.  (294.8°  p.), 
|-0-| 

/Vo/wia  oxu/e,  CH,^ — ^^'H — CH,,  formed  by  the  action  of  aqtieons  potuh  ' 
on  propene  chlorhydrin,  is  a  volatile  liiiuid.  Unling  at  S.V^  C.  <950  F.)ir^H 
having  a  specific  gravity  of  (l.S5I>  at  (P,  easily  aolulde  in  wat*»r.  NasoenV^I 
hydrogen  oonverts  it  into  scoondary  propyl  alcohol,  CH5 — CHOH — CH|. 

Trimethene  glycol,  prepared  f^om  trimethene  bromide  (p.  &1U),  fa 
a  thick  saocharioc  liquid,  boiling  at  212<-  C.  (413.6^  F.)- 

Batone  Glycols,  rjl,o0, »  rjT,<on),. — Six  of  these  compounda, 
are  tbeorctieally  pos'iibie,  four  di-rived  from  normal  butane,  and  two  from 
isobutane.     Only  two  of  tbent,  hnwever,  are  at  present  known,  viz  :— 

(1)  Butene   ffltfcot,  CH.— CHOH— CH,— CU,OH,  is   formed  in 
qaantity  by  the  action  of  Kodiuin  amalgam  on  acetic  aldehyde  iu  s^^v-*^^ 
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Bolntion  ;  but  is  beat  prBpare<l  by  leaving  a  cold  mixtnre  of  acetio  aide- 
h.Viie  ami  dilute  hydrochloric  acid  to  itself  for  two  or  three  daya,  wherebjr 
the  actjtic  aldvhyde  is  euiivcrted  into  the  aldehyde  of  hutenv  glycol,  f^le<t^ 
aldul,  knd  treating  tho  lall*<r  with  sodium  amalgam: — 

CH,— C'llOH— CU,— CHO 

Aldol. 


CU*— Clio    +     CH,— CHO 

Acetic  aldehyde  (3  mol.]. 


CHg— CHOH— CH,— CHO 
Aldol. 


+    ", 


CH,— CIIOH— CH^— CH,OH . 
Buiene  glycol. 


h 


Batnne  glycol  ia  a  thick  liquid,  boiling  at  204^  C.  (399.20  F.).  mlsolbU 
water  and  with  alculiol.  Uy  oxidation  with  nitric  acid  or  with  ohro- 
acid  mixture  it  U  rtidolvvd  into  aoetic  and  oxoJiu  acidti,  together  with 
■mall  quantity  of  butyric  aldehyd«. 

(2)  Isobutenegi ycol,  (rH,),~COH — CR,OH,  preparml  from  thooorre^ 
Bpoudiiig  broiuide,  has  a  Hiwcific  gravity  of  1.048  at  0",  and  boils  at  183^^ 
184©  C.  (3t;i.4C>-:iG3.2C  F.).  By  oxidation  with  nitric  acid  it  ia  oouvvrted 
Into  oxyisobutyrio  acid,  (CHj)j-COU— COOU. 

Iaopenten«  or  Amylena  aiyool,  OjH,o(OII),s=  (CH;i),tK 
CH — I'llOH — t'JIjOlI,  the  only  S-oarbon  glycol  known,  is  prcpantd  by  ditt- 
tilling  amylene  diacetatu  with  potaah,  or  by  addition  of  hydrogen  dioxide 
to  amyloue.  It  boiU  at  1770  C.  (35U.tiO  p.),  haa  a  apMillo  gravity  of  0.987 
Bt  OO,  and  is  converted  by  oxidation  with  nitric  aold  into  isovaleric  ooM. 
The  oorreaponding  oxide^  *-'iII|i>0,  >8  a  liquid  insolable  in  water,  having  a 
Bpeoifie  gravity  of  0.824  at  U^,  and  boiling  at  fiSO  c.  (:203O  F.). 

Hexene  OlycolB,  C,H,j(0n)5.  —!>ilormat  hexent  gijfeol, 
Cll,Oll — ((-'ilj)4 — L'll,Uli,  from  h(>xoiie  bromide  (obtained  from  niannit«, 
or  from  the  hexyl  chh>ride  of  American  petroleum),  baa  a  apociflo  gravity 
of  0.»67  at  OO,  and  boiU  at  207O  C  (404.6-'  F.). 

i/e«oAe;rene  Glycol,     ^^'^^Cn— HC<;^||«^'' ,    or     Oiallyl 

Dikydrate,   ^t^hti  n^n)   t  Is  prepared  by  heating  diallyl  in  a  sealed 

flank  with  strong  hydrio<itc  acid,  converting  the  resultingdiallyl  hj'driodido, 

C,ll„,  I J  »  ,  into  thediaoetate,  C,H,g  |  .f^^  ^  ^,    ,  by  treating  it  with  allver 

aoetate  ftu<ip«ndml  ui  ether,  and  decmnpnuning  thn  dlaoetate  with  potash. 
It  is  a  thick,  colorless  avrup,  having  a  speolfic  gravitv  of  0.9ti38  at  0©  and 
0.9202  at  t;50  t\  (HiW  F.)  ;  boila  between  21^^  C.  (4i3.tP  F.)  and  2150  c. 
<419^  F.). 

PinaeontL,  (CH,),COH— CX)H(CH,),,  is  formnl,  together  vtth  peendo- 
propyl  alcohol,  by  the  action  of  sodium  or  sodium-amalgam  on  acetone  iu 
aqa«x)ua  solution : 


(CH,),CO    +    CO(rH0,    4-    H, 


(rn,),ron— roH(cn,)r 


It  fTysljillixes  from  the  concentrated  aqnennn  snlntlon  jis  a  hydrate,  C^FIi^O, 
+  tjiljO.  in  Urge  square  tables  which  molt  at  42P  (107.tiO  P.),  and  gradually 
efflorence  in  contact  with  the  air.  The  hydrate  givod  up  it*  water  wh^n 
hf.ited.  and  at  171  --1720  (',  (339.80u341.6^  F.)  yii-Ids  a  distillate  of  atihy- 
drouK  pinacone,  which  solidiRes  to  an  indidtinetly  cryHtalline  ma-ts,  melting 
at  360  C.  (HX>.40F.),  and  n'oonvert.'ii  into  ihr  hydrate  by  solution  in  water. 
Finaocrue,  when  heated  with  aoids,  is  oonvert«d  into  pinaoolin,  C^U,,0 


I 


* 
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TRMTOMIC  ALCOHOLS  AND  T5THKR3.  ^| 

TrJatomic  AlcnhoU  mav  be  derivfHl  from  Baturatod  hydrocarbons  by  8iil»-.^H 
stitntion  nt  thrt**'  atom»  nr  hydnjxyl  fi>r  tbrrtr  atooui  of  hyiro^^irti,  ami  luajT^I 
at;oordingly  t>e  rt'g&rtted  lu  compuuudB  of  trJralfat  alooliol-r&diclfd  withal 
tliree  aUmui  of  li>druxyl,  or  an  i-(mtp«iuiidti  d^-rivvtl  fniiu  m  Iriplv  uiuluoulo 
(if  wnlnr,  I{,0,,  by  siihtititiitioii  i>f  a  Irivalt^iit  ali'tiliul-railirle  for  lhr«w  aloma 
of  liydrogfn.     The  hydrocarljonti  of  th«  Hyrit«  C'  llj„+,  alinuld  avwnlingly 
yield  a  ii>ri««  of  triatomic  alcolioU  of  the  form  (C^Ui.— |)(Oil),,  viz.  :— 

Methrnyl  aloohol Cll(OH), 

Klhen>l  alwhol t\ll,(OM), 

ProiK?nyl  alcohol Cj|Hj(OH), 

TtHn-nvi  oIcoIimI (.\ll,((»H)j 

r«nlciiyl  alcohol rjil,(0ll), 

etc.  etc. 

Of  thesv,  howev«*r,  only  two  an;  known,  viz.,  propftnyl  alcoholf 
glycerin,  and  pentenyl  alcohol  or  amyl  glycrrin. 

Each  Iriatuiuic  alouhnl  Hubj^^'c-tf^l  to  tlio  a(.-tioii  uf  aeifU,  or  of  the  chh 
rides,  bnimiilcH,  or  imlidt^*  of  (ituMphoriiH,  may  yield  thr««^  o1afl!M*ft  of  «t)i*]i 
derived  from  it  by  8ubHtiliittnii  of  a  halogi-n  floniitnt,  or  acid  radicle,  for 
part  or  thr  whoir  (if  the  hydroxy!  ;   thus,  from  jjlycerin    may  U*  obtained 
the  three  hydrochloric  ethers,  C^HjClCOH),,  C.H^CLt*!!,  rjHjCI^,  and  the 
three    acetic    «ther»,   C,Hj(aC,H,())(OH>^    C,Hj(OC' H,0),olj,  aud 
CjUa(OC,H,0),. 

Propenyl  Alcohol  or  Olyo«rin, 

riI,OH 
^OH  J 

CjlKO,    =     (rA){OH        or       CIIOH 
(OU  [ 

CHjOH 

Thii  oompoand  ia  obtalDed  hy  the  action  of  alkalies  on  tiatnral  fats,  which 
are,  in  fart,  the  propenylir  ethers  of  certain  fatly  acids ;  thua  atearin,  one 
of  the  oonatituentti  of  mutton  suet,  cxmBista  of  propenyl  tri^enrate,  (C',Hj) 
(0(',^II^(>)j,  a  eom]ioitiid  derivable  frnni  plvoerin  itnelf,  by  RiibHtitution  of 
BtenM-l.  (*,,IIi^O,  for  hydro(j;en.  Now,  when  Htearlit  is  Ixiibni  with  a  catiBtlo 
alkali,  it  in  i-onverte<l  into  a  Htoarute  of  the  alknli-nietal  :iud  gl^-cvrin  ;  thtu ; 

C,H,(Or„H,jO),     -i-     3KH0     »     3K0r„H„0     +     C',HjCOH),  M 

Btearkn.  Fotfisalum.  Ulyeerln.  ^H 

■loarate.  ^^M 

A  similar  reaction  takes  place  when  any  otiier  sirailarly  oonstitnted  fat  f»™ 
treated  with  a  caustic  alkali.     Tim  uu'tallic  Balt«  of  the  fatty  acida  thus 
obtained  are  the  well-known  Itodies  callefl  soaps,  and  the  proeeHu  in  called 
aaponification  ;  this  term,  originally  restricted  to  actual  soap-making,,i^| 
has  been  extendinl  to  all  cjist^  of  the  resolution  of  a  comp<mnd  ether  'titift^f 
an  acid  and  an  alcohol,  such,  for  example,  as  the  oonvernion  of  ethyl  ace- 
tate into  acetic  acid  and  ethyl  alwhol  by  the  action  of  alcoholic  |H»tJish. 

Ol.vcerin  was   ori^cinally  obtained    by   heatin;ir    ti^gnther    olive   or   olhas^g 
suitable  oil,  lea.l  oxide,  ami  water,  ha  in  the  manufacture  uf  common  laoiU^M 
pi(ui,r ;   an   ii)-«oliible  snap  of  lead   is   tlierrby  ferme<l.  while   the  glvcerin^^ 
remains  in  the  aqueous  liquid.     The  Utter  la  treated  with  sulphureitvd 
hydrogen,  digestod  with   animal  charwial,  flltenrd,  and  evaporated  in  a 
vacuum  at  Uie  temperature  of  air.     Glycerin  is  now  pnjduoud  xa-ssen  \* 


iitt 
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quantity  ami  perfect  purity  In  Ibw  deoumposition  of  fatty  siilwtanees  liy 
liionna  of  over-hcati'cl  Ntt^am,  n  pnuvRS  which  Mr.  Guorg«  Wilson  has  in*, 
troduocd  into  the  mnnufiutturo  uf  caii<llt*8.  In  this  roiu'tion  a  fntty  aoi 
and  gljroorin  are  prodiic«J  hy  aasimilation  of  tho  elompnlH  of  wat»«r ;  thej 
Aro  carriod  over  hj  the  t'xrt^s  of  alcttiu  iu  a  fiiAt<^  of  mochnnieal  mirtur^, 
whirh  ritpidly  Bfpnrat<^  int<-i  two  lajfru  in  thf  rm-eiver.  Tim  reaction  is 
4<xnctly  fiiniilar  to  that  w)iirh  takes  place  when  a  cautttic  alkali  is  a8«d  to 
effect  the  (taijonificatiou,  «,  ff* : 

+    311,0   e=   3nor„H„o   + 

stearic  ftcUI. 


C.H4(O(VH»,0), 

StcartQ. 


C.H.(OH), 
Olyoertii. 


k 


Glycerin  njay  also  be  prodnced  fnmi  propimyl  bromide,  (Cjll4)Br 
compound  fonntxl,  aa  already  ob&ervt'^i.  by  the  aetton  uf  bromine  on  allyl 
ioflidf,  CjHul.  The  proee««  ctiimi«t«  in  eoiivertiug  the  prnpenyl  bnmiido 
into  jiropcnyl  triacctatK,  (('iHsXtM'jIIjO)^,  by  the  aetion  of  silver  ttc*'t.it<«, 
and  di*iM)mpuHtng  this  t'tlier  wltJi  jjotash.  Thiu  motlu  of  foriiiatltui  must 
not,  however,  be  rexardi"*!  as  an  actual  s^Tithi'itis  nf  glycerin  froin  com- 
pottnde  of  tiimplrr  c»n.stitutiou  :  for  the  allyl -compound^  are  Iheuisolves 
prepared  from  glycerin  (p.  5911). 

(ilycerin  ii§  a  nearly  colorlens  and  T«ry  viscid  liquid,  of  8p<>cUlo  grartix 
1.27,  and  boiling  at  29(P  C.  (Mj4-J  K.)-  When  quite  pare  and  anhydrous^ 
it  cryHtaUiz4*ii  on  exposure  to  a  very  low  t«m(»eralure,  especially  If  agitated, 
M  in  railway  transport.  The  erytttals  are  nionocliuie,  i>orfectly  eolorlesR, 
and  melt  at  15. G^  C.  (60^  F.).*  Glycerin  has  an  intentfely  swMel  la^lu, 
and  mixes  with  water  in  all  pro[K>rti[>ntf :  it«  bolution  does  not  undergo  tho 
alcoholic  fenuentation,  but  when  mixed  with  yeast  and  kept  iu  a  wnriu 
place,  itifl  gradually  converted  into  propionic  n^^id.  (ilyeerin  hsti  uuaeUuu 
on  Te^etable  colors'  Kxpii^eil  tu  heat,  it  volatilixe«  iu  part^  darkuusi  and 
dttoomposeSf  giving  off,  amongst  other  itroducta,  a  substance  called  ocro/sui, 
CaH,0,  having  an  intemiely  pungent  udor. 

Concentrated  niVncciriVy  mnverts  glyeeriu  into  glyceric  acid,  CjH^O-, 
an  acid  relat^Hl  to  glycerin  in  the  ttame  manner  ati  glycollic  acid  to  glycol, 
and  acetic  acid  to  ethyl  alctdud  ;  l»ein>^  f<-rnu<l  from  it  by  sutnititutiun  of 
oxygen  for  two  atoma  of  hydrogen  in  ImmediAte  relatiuu  to  bydroxyl ; 
thus: 


I 


CH/)H 

cuon 

J 


+   0. 


U,0     + 


CH,OH 

a 


HOU 


CH,OH  coon 

Olycerlu.  Qljreerlc  acid. 

Tlie  formula  of  glycerin  indicates  thi»  poAAibiliiy  of  cfTecting  a  second  anb- 
slitutiun  of  the  Hsmtt  kind,  which  would  yield  diglycenc  acid,  CjHjOj,  but 
this  acid  ha.s  not  l>een  actually  obtained. 

Glycerin,  trentefl  with  a  mixture  of  alrong  nitric  and  snlphnric  acids, 
forms  nitroglycerin,  C,Hj(NO,),0„  a  heavy  oily  liquid  which  exphxles 
pf^werfully  by  percussion,  ft  is  much  used  fi>r  blutting  in  mines  and 
quarries,  but  is  very  dangerous  to  handle,  and  has  given  rise  to  several 
fatal  accidents. 

Glycerin  oombinoa  with  the  elements  of  snlphnric  arid,  forming  a  su]- 
phoglyceric  acid,  C,H,0,SO„  which  gives  soluble  salts  with  lime, 
baryta,  and  Iraid  nxidp. 

Monatomic  uijigmtiruin  (scetie,  bpnxoie,  stearic,  etc.),  lieated  in  spaled 
inlies  with  glycerin,  yield  omipound  ethers  in  which  1,  2,  or  3  hydrogen- 
Atoms  of  the  glycerin  are  replaoud  by  an  equivalent  quantity  of  the  Add 
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radiolci  acoonling  to  the  proportions  employed.     The  resaltlng  oompound 
eth«i«  ve  deuutud  by  uatuva  midiiig  in  in;  Ihiu  : 


Qlyecrln. 

4- 

JIOCjHjO 

Aoellc  flclO. 

=       C,lL(OH>,OC,H,0 

aloDo-iicetla. 

+ 

H,0 

C,Hi(0|I), 
QlyeerlD. 

4- 

2ir(X\H,0 
Ac«tic  acid. 

»     C,H,(OII)(Or,H,0), 
ULAeetia. 

+ 

2H,0 

Olycerin. 

+ 

3H0C,H,0 
Acetic  AOliJ. 

-   ^."^(^^,11.0). 

+ 

3H,0. 

The  gly<»rio  ethors  or  glycorides  thus  produced  are,  for  the  most 
part,  oily  liquids,  increafliiig  in  visuidity  a»  tUu  auiil  fn>m  wliicli  tln-y  are 
furuitid  hits  a  higher  inolecular  weij^lit;  thuHo  formed  frnm  tht*  higliur 
members  of  the  faiLy  acid  Herles,  C^H^O^  (such  as  pulmitio  and  steario 
aeitU),  an.'  solid  fatM.  Some  nT  the  (rincid  glyceHdes,  priNlticed  artifidally 
in  the  way  jiiift  Tui'ntioiied,  are  id*  iitiral  with  iiatiiral  tats  rw^rtirring  in  Uitt 
borlieB  of  plaiiti*  and  animals  ;  thuH  trintcarin  is  identical  with  the  stearin 
of  beef  and  mutton  tfuet  :  triolifiu  with  the  ulein  of  olive  oil,  etc. 

IlifdrorMoric  and  Mydmi/romic  aridn  aet  upon  glycerin  In  the  fiamo  manner 
aa  ozygen-aoids,  excepting  that  the  reaction  always  stops  at  the  st^md 
stage  (just  as  in  the  a<*tion  of  theae  acids  on  the  glycols  it  stops  at  the  first 
stage).  The  ethcm  thus  formed  are  called  chluhydrins,  bronihy* 
d  r  i  n  8 ,  etc.,  «.  g, : 


4 


Olyecrla. 

HO     —     C,H^(0H)-C1 

dhlorhy  drill. 

4-    H,0 

Glyorrln. 

2HC1    »=     r:,Hj(OH)Cl, 
Dlch>orhyilrlu. 

4-     2H,0 

//jrcfrtor/ic  acid  acts  somewhat  differently,  producing  an  ether.  C|H,,TOj„ 
which  may  be  regarde<l  as  a  double  molecule  uf  glycerin,  having  four 
equivalents  of  hydroxyl  replaced  by  two  atoms  of  oxygen,  and  a  fifth  by 
iodine.  CJ(,„nj(t_)ll)I. 

The  cMoriUejt  and  hmmidt*  of  pHoitphonts  act  upon  glycvrln  in  the  same 
manner  as  hydrothloric  and  liydrobnmiic  acid,  but  their  action  goes  on  to 
the  third  rttagr,  pr<>«iiiicing  trichlorhydrin,  or  prop4iuyl  chUiriile,  and  the 
corresponding  brumine-componnd  : 


r,H.(OH)ri, 

DiclilurhyilrliL 


•h     PCI4    =     PClaO     +     HCl     4- 


Trichlor- 
hydrlo. 


Iodide  of  phoaphonu  acts  on  glycerin  in  a  totally  different  manner,  yield- 
ing iodopropoue  or  allyl  iodide,  CjH^l  (p.  51(U). 


Monochlorhydrins,  Cjllj  {  L     '*. — Of  those  oompoonda  there  are  two 

muJttlcatioDS,  viz. : 

ci[,.a 

CH.OU 

CH3.0H 

Uniyin  metrical. 


CHj.OH 

I 
til  CI 

cH,.on 

Symnittrleal. 


L         lh*)n 
^Mjiidui 


Tlie  first  is  the  chief  product  obtained  by  saturating  glycerin  with 
drochloric  acid  gas,  and  heating  the  liquid  for  some  time  over  the  water- 
liath.  To  purify  it,  the  aoid  liquid  is  saturated  with  soiiinm  onrl^inato, 
thtin  agitated  with  ether,  the  ethereal  aulutiou  is  evajwratud,  and  tho 
Jlidual  liquid  subjected  to  fractional  distillation. 
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UnByrometric*!  chlnrhydrin  Ja  a  visoid  Hqnid.  easily  solahle  in  wal 
aboliol,  and  ether,  having  a  spocifio  gravity  of  1.31,  and  boiling  al  221 
2:^1'^  C.  (428^^-440.60  F.);  converted  by  sodium  amalgam  into  ordlui 
propene-glvf^il,  Cllg— CH(On)— (;H,0H. 

Symraotrical   chlorhydrin   in   obtained   hy  agiUling  allyl  alcohol  wi< 
aqiieoua  hy{)oohIortjUH  acid : 

CH,  CHjOH 

=    CHCl 


CH, 


ClOH 


OH 


in. 


OH 


It  has  a  spcclflo  gravity  of  1.4  at  130  C.  (5S.4P  F.)i  and  boila  at 
23.'iO  C.  <44ti<J-4r.r)0  F.). 

Diohlorhydrlna,  C^U^  |  ^.  . — Of  Ihttae  also  there  are  two  modificatioi 


cn,n 

CU.OII 

CHjXl 

Bymuietrlcal. 


CH,.OH 
CHCl 

cH,a 

UnsyraiDCtrleal. 


Llizii 


Both  aro  formc<l  by  hfatiug  glyoeriu  with  strong  hydrochloric  acid,  tl 
firet,  howevfr,  pretlominatiiig.     This,  which  is  thu  ordinary  mudificati 
id  b^-st  prepared  by  saturating  a  mixture  of  equal  volumes  of  glycerin 
glacial  tuxlic  acid  with  hydruchluriu  acid  gas  at  lOKO  C,   neutral 
thu  product   with  iiodium  carb<:>nAte,  and  subjecting  it  to  fractional 
tillatkm.       It    may  also    b«  pr**pareii  by  distilling   glycerin  with   S/'L. 
Lastly,  it  may  bi>  obtahi^d  quite  pure  by  mixing  epiuhlorhydrin,  CjU^OCl, 
with  fuming  hydiochloric  acid. 

Symmetrical   dichlorhydrin,  or  diMorinattd  f»t«udopropifl o/ooAof, 
is  a  liquid  having  on  ethereal  odor,  a  specific  gravity  of  1.383  at  190  "" 
(«G.20  F.)^  boiling  at  IT-PC.  (345.2C>F.),  cosily  soluble  in  alcohol  and  eth 
ttparingl^-   in   wattr.     By   gmiium  amuf'jttui.  it  ia   converted  into   pseudo- 
propy  I    alcnbol  ,  t'llj — (^HtUI — (Hm  and  hy  oxitlation  with  dilute  cbro- 


m 


mic  acid  mixttirv«  into   acetone  dichluride,  CUj— CL 


L'H, 


With., 


/wtoMiKM  cyumde  it  forms  diuy  an  hy  dr  i  n  ,  CU,.CN-— CU(OH) — CHj.Cl 

Unsymmetrlnal  Dichlorhydrin  (commonly  called  rA/prK/*^o//yf 
aicohni)'  is  formed  by  addition  of  chN>rine  Lo  wllyl  alcohol,  CH,_CH — 
CHj(On),  or  of  hy|>othlorouB  acid  to  allyl  chloride: 


CH, 

II 
CH 

CH,C1 


CH^.OU 


-\.   noH    =   fUci 


CH,C1 


(350. 


hafl  a  flp^iflc  gravity  of  1.37P  at  0^  ;  boils  at  1820-1830  C 
361.40  F.);  is  converted  by  metallic  Boilinni  into  allyl  ab^ihol. 

By  the  action  of  caustic  potash  or  80<la,  ImuIi  dichlnrhydrins  ar« 
verted,  by  abstraction  of  HCl,  into  cplohlorhydrin. 

Trlchlorhydrln,     Gttfrrryt    tnrhhnfir,    or     AHiff    triAloriJf,    CjHjCl,  =s 
CS,a — t'HCl— ClljCl,  ia  formed  by  the  action  of  plH«pln»rim  \u'ntni 
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«n  either  of  the  dichlorh^drlns  ;  aliio  (together  wUh  CH,.CHC1.CHC1,)  by 

thi*  action  of  io«linH  rhloride  on  pnip<Mi«  c]ilurid«,  CHj.CHC!.CH,Cl  ;  nod 
bv  fliloriiiatiim  uf  pru|i«iii)  luid  of  {jMLMiiIopnip^l  iulidi!).  It  is  a  liquid 
wliiuh  smella  likt*  obluroforiu,  has  a  Hjfecitic  gravity  of  1.417  at  ir>o  C. 
(5'JO  p.),  and  boils  at  150'-'  C.  (31li.40  V.).  Uuated  with  Hulid  potasttiuiu 
or  MKlium  hydroxide,  it  foriiui  d  iuh  loroglrcide,  CH,^i;;CI — ('H,CI, 
boiling  at  94<^  C.  (tS01.2P  K.).  Heated  with  aulphurio  acid,  it  forma  mono- 


chlo  race  tone,    CH. 

Biomhydrln».  —  .VoftoftromAyrfriii,  r,Hj(0H)3Br  ™  CH,,Br— CH. 
Oil — (11, .oil,  (»litained  by  the  action  of  hydrohroniic  Acid  on  glyoerin,  U 
au  oily  liquid,  boiling  in  a  vacuum  at  IBO-"  C.  (3A(P  K.)* 

S^mmetricai  OihTnmhvdrin  ,  CHjBr — (.-H.OH — CU^Br,  propnred 
from  glycerin  and  hvdrobrotuiu  acid,  i»  a  liquid  having  an  ethcrfal  odor, 
a  apeciiic  gravity  of  2.U  at  180C.  (64.4^  K.),  and  Iwilinn  at  "IW-  C,  (42«.l:j 
F.).  Unt^mmeirical  dibromhatiriH  ,  CU^r — <:iIBr — CH,OU,  from 
ftllyl  alcohol  and  bromine,  boihi  at  212-214°  C.  (413.(M17.*^  F.)> 

Tribromittfdria,  G Ijfcerifl  tribromide,  or  Alt yl  tribromid«, 
C,HjBr,aiClIjBr — CUBr — CH,Br,  in  obtained  by  the  action  of  brouiiae  on 
allyl  iodide  : 


CjHjI     -f     2Brj 


IBr     +     CjH^Br,. 


It  orysUlllsea  in  oolorloas,  shining  priHin*.  melts  at  KJOC.  (60.80  F.),  boils 
at  219-^220^  C.  (42(i.2CM2hO  F.) ;  ia  mnviTtL-d  by  caustic  poiaah  or  soda 
into    dibroraoglycide,   CU,— CBr— CH,Br,  boiling  at  i&10-1520  C. 

303.bCL.305.6OF,). 

ZodbydriiU'  —  Monoiodhydrim  ,  CgH|  <  |       '*  ,  obtalniH]  hy  heating 

glyoffin  M  KKio  c.  with  hydriodic acid,  ia  a  riscid  liquid,  having  a  itpiicifio 
gravity  of  1.783. 

Di-iodhtfdrin,  C,H(OH)r,=rH,I.CH(OH).CH,I,  obtained  hy  heating 
Bymioetrical  dichlorbydrin  with  nqueouit  pota»siuni  iodidi*,  ia  a  thick  oil, 
having  a  specilic  gravity  of  2.4,  and  Bolidifying  to  a  crystalline  mtxsti  at 
— 160  C.  (SO  F.). 

Tri-iodkjfdrin  or  Glj/cttrifl  trt-iodidr,  C^iHiI^,  dfM>ti  not  appeiar 
to  be  capable  of  existing,  Iniumuch  am  th«  action  of  hydrintlic  acid,  or  of 
iodine  and  plii>sphoruj  on  gtyci'rin  yields  nothing  but  altyt  imlido  and 
frtw  iodine. 


Olyolde  oompoonds. — When  dichlnrhydrin  la  treatiul  with  potaah, 

it  givt-M  up  a  molccuk*  of  iiydnx'bUiric  a<--id,  and  la  eotivorlvd  iato  a  oom- 
pound,  CjUjOCl,  called  e  p  i  o  h  I  u  r  h  y  d  r  i  n  : 

c,!i,(oii)ri,   —    iiri    .    c.H^oci. 

TbiB  nomiK>und  may  Iw  rcpardefl  as  the  hydrochloric  other  of  an  alcohol, 
t\n/)(OH),  called  ghfr'tdf,  fornn-d  from  glyiMM-Jn  by  abniractitm  of  H,0. 
Uibromhyilrin,  r,Hj(OII)Brj,  Ircato*!  in  thn  namv  manner,  yicldji  r-pi- 
b  ro  m  li  y  d  r  1  n  ,  or  the  hydrobroinic  ethor  of  glyoide,  C,ll|OBr.  Epichlor- 
hydrin  heati*«l  with  dry  poloaaium  iodide  Is  converted  into  epi-iodhy- 
driu,  0,11^01: 

CBHjOa     4-     Kl     =     KH    +    CjHjOI. 

These  glS^l'llc  ethers  are  easily  reoonvcrt«d  into  bodica  o<  <bA  ^'IS^ktv^ 
fifl 


I 

I 

I 


M 


€U 
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vilk  Mctfe  arii,  ftnter  f  1ye«rf«' 
■Mivia^ntetto  ia»  ■■■■  rr,  *rma^  iljm^tU  ctkrlflklorl 


« 


a*;  fc«  ilaimffl  I7  ^ttartng  cilkcr  of  the  ^ebkmhj- 
1"*"*^  1  J-  ■ 


coH   =   ca   +    H/> 


It  l»  s  fl»»btU  liqaid,  kaHas  a  ipecifte  gnriu  of  I.IM  at  OO 
2  l!K-C.  OULS>  r.>:  iMolsMate  mtar;  cMi^'aolaHen 


villi  ftimiiig  Ajrf niiAfaf >■  ociirf,  it  h  eonriated  iato    symmetrical    dT 
«liorli/4riB  : 


Ha 


:H.0H 


^ 


and  by  prolonged  haaiing  vitb  water,  into  monochlorhydrin'.   Heated 


vtthofroW*,  itrtdds  ethers  of  eklorh/drin,  niefa  as  C,n^  {  OH 

which,  wh^n  dinlilled  witb  poUasium  hydroxide^  are  oonrerted  into  alco- 
holio  gl/cirlea  or  glj-oldic    elhers;  thai: 


(a 
.nJon 


CH|C1 

CH.OI!         4. 
rii,,o,c,H, 

Ethylk  chlor- 


KOH 


KC\    +     H,0    -I- 


^STH 

I 


CR,.O.r,H, 


I 


AVAy  7/yri*.<^A<^-<X^|H*f«  epielhT!in),lwn»at  12fiQ-130OC.  (258.90 
F.)  ;  »m/-^lfcUtr,  r.,nyO.O.C^H^^,  at  lS>o  C.  (370.+:>  P.). 

JCnihfomhifitrin,  <', H,OBr,  from  rithpf  of  the  two  bromhHrina,  bofla 
at  I'UKi^I.WlO  C.  (2H2,;^^'2f^Cl  F.);  fpi-iotihydrin,  C,HjOI,'obUined  by 
h'MilInK  ('I'tnhlorh^drln  with  suluUon  of  potaasinm  iodide,  boils  at  about 

Trit'hinrhifdrinf  hrat^vl  with  pntaaaiiitn  hTdmzide,  which  abstracts  HCl, 
y\vU\»  dUhloroRl/oide,  C,II^CI,  =  CH,^^Cl— CH,C1 

Alfokntie   f't/irrt  i»/  C/yr  rri  n.— D^riratiTM  of /KiTwtrin  coni 
Irk  aliHihol-rnillrlKH  Ar«<  fornit^  b/ ht^ating  the  mono*  and  dichlorfa/drl 
with  Hmlltiiii  nkvthol,  thus  :— 

IfteMttrhytrln, 


a. 


'Hi 

dr? 


_jtfHW'"l""^fH| 


OLTCEBIN. 


Mono-etliyUn,    CjHj i  J,^.^|}' ,  li  Bolnble  in  water,  and  boUa  at  230O 

C.  (44ir'-'  F.)*  Dietliyliu  is  »i|fnringlj  suUiblt*  Sn  wator,  «itm'IU  liko 
peppermint,  had  a  spccirti'  gravity  of  0.92,  and  IwiU  at  1910  ('.  (ft75.80  F.)- 
TriutUy  liiif  C|U2(U.C3Hj),|,  funutKl  by  th«>  autiun  uf  titliyl  imlide  od  the 
HiKliiiiit-dHrivativu  or  diethyLin,  U  a  liijuid   iuKulubl«  la  waU-r,  hoiliug  at 

A  My  li  n  ,  r,n^  I  ^.  .,  jl  ,  is  produced  hy  heating  glycerin  with  oxalio 

acid,  and  (K^cunt  {lugether  with  glyceric  oxide)  in  the  rtwidue  left  aftir 
beating  the  pnwiitct  t4)  2(>uO  c.  (6UU^  F.).  U  ia  a  viaoid  liquid,  builing  at 
225^^40^  C.  (4370^WO  F.). 

Olyct^ric   oxide  or   glycerin  pI  her  ,  (rjH,,)jOj,  occurring  tngpther 
with  allyliu,  aa  juat  mculioned,  boila  al  HiU'—lTJP  C*.  (33(1.2=^^-341.6^  F.). 

The  elhora  of  glycerin  containing  add  radicles*  including  the  natural 
oiU  and  fatd,  will  Iw  described  under  iho  reaiwotivv  icida. 

Polyglyoerina. — T«fo,  thret»,  or  more  molucules  of  glyoerin  can  nnita 
into  a  liingle  uiolccule,  with  eUuiinatlun  of  a  nuuilier  of  wattT-molecnlea 
lutttt  by  one  Ihau 
gother ;  thus  :— 


the   uuub«r  uf  glycerin  muluculeii  which  uonibiu« 


2C.H,(0H), 
Olyevrto. 

013-cerla. 

Qenerally  : — 

«c,Hj(on),  — 


—     H,0      B 


—  2H.0      = 


(n— 1)11,0      = 


.  (OH), 
Dtgljcerio, 


Dtgljcerit 
Trlglyoerla. 


T)u'    product   la   a  polygIyo«*rin  wlinae   atomicity    (determined 
number  of  cquivalenta  of  hydroxyl  contained  in  it)  is  »  4-  -• 

The  mode  of  preparing  the  p4)lyglycerins  is  similar  Ui  that  of  the  poly- 
ethenic  alcohols  (p.  l>03),  and  (.''■utiiiita  in  heating  plyrerin  witli  monoohlor- 
hyilrin,  wht-reby  diglywiriii  and  hydriK'hIoric  arid  are  formed  : — 

CalljCKOH),    +     C,Ui(OH),     «     (C,H,),0(OH),    +     HC1. 

The  hydrochloric  acid  tbua  formed  converla  a  frt^h  quantity  of  glycerin 
into  chti)rhydrin,  wlilch  then  acts  in  a  Hiniilar  miitiiier  on  the  diglyeerin, 
and  converts  it  into  triglycvrin  ;  and  in  thia  manner  the  pruceim  is  oon- 
tinu4^r).  The  |K>lyglyc^nn8  may  then  Im  ueparalud  by  fractional  diatilla- 
tlon.     Tlieir  properties*  ar*^  hut  little  known. 

iBopentenyl  Alcohol,  or  Aznyl  O-lycerin,  CJI^Oj^  (C4H,)(0B),. 

— Tlii-i  onmpiniiKl  is  Inrni*^!  from  Imnuo-iMopeiitene  dibromldt*,  Cjll^r.Br,, 
or  isopeittenyl  brorniths  (.'gilyBrg,  by  the  ttertea  of  processoa  represented  in 
the  following  equations  : — 

C»H,Br,    +    2AgOr,H,0    ^     2AgBr    4.     C,H J  ^'^}['/*^>« 

SiWer  Stiver  Iioiiontcnj:!  (IlMClo- 

acvlale.  brumlde.  brumliftlrln. 

^^^'j!r'*^^'     +     2K0U     =     2K0C,H,0     +    C,H  J  ^^'j|j.>i 

Dpenf'rDjrt  ilUceto-         PotMHluni  pntRRsluin 

bromhjrdrla.  lijrdrate.  Boet&(e, 


I«n|irnronyl 

broiiilile. 


C,1I,| 


bromhfdtCa. 


I 


•1< 


VArrr  oeoup:  xvcobovs  a?(d  ktbeks. 


CA{^^^    +     KOH    -    KBr    +     (C,H,)H>H>, 


I«op«»l«sfl 


Br 

WomkyJriA. 

■^1  gljrerrui  ii  a  UodK  eolarlcM  U^vM,  kATt^  a  sweet  aronalkt 
ttlaU«  ia  vuer. 


TKITUTOMIC  ALCOHOI3  AXD  KTOBSa 
The  ottlj  tetntomic  alcuhol  at  prraent  kiKma  ia : 

Brythzlte,  r.H^O,  =  (C.Hj(On)„  aIm  «aU«d  /rjihi  1111111111.  £>j«ftnK 
glmdm,  AU*i  IMfciif,  which  ia  tb«  tctrxtciaiic  aloobul  anaki^iu  u>  IfOijrl  aleo- 
hn|.  C\H^O.  aad  butjrl  gljoril,  C.H^O, ;  the  oorrwpoiiditig  gljoeria  u  doC 
kDown. 

Erjrthrit«  U  a  aaoebarine  sabsCaii««,  «xUtii^  ready  Ummed  la  naiaian— 
rulijttrit.  It  waa  origiDall/  dUcorenHl  br  Dr.  St«!>nboii!w>  tmoog  the  pro- 
da  etA  of  deoompnaliioD  of  errthric  acid.*  It  rrrvtallim  m  lajrige  lamsA- 
parvDt  prnnut  ia  readilr  soluble  in  water.  »parinf;ljr  coloU*  in  alaob^J, 
iaaolable  in  t^htr:  not  ffrmtrntaMr*.  Heated  with  kifdriaiiie  madj  U  /iaida 
•eeoadar/  buivl  iodide,  t\H,I  (p.  i»S->; —  ,^1 

C.U^O,    +     7HI    —    C.!V    +     ^fi    +    31,.  fl 


HeatMl  with  oxfgen  aeid$,  it  fonas  oompound  ethers,  in  the  manner  of  alco- 
hols in  general ;  Ihiu,  with  6emwMC  aeid,  C,H/l,,  or  HCK^U^O,  it  forma  a 
dib..nif«te.  ((\ll,)(OU),(Oi-,HiO),,  and  ahexbenioate.CC.H^XOC^HiXO).. 
2r,ft,0|.  ooiwinling  of  neutral  benaojl-erythrite,  united  with  twu inalecul«« 
of  bt*nxoic  add. 

A  tetratimiic  ether,  tU.,  Bthjlic  Orthnearbonate  or  Orthoi 
bonio  Kther.  C((X^,HJ,,   anal(»j:oiw  to  carbun   tetraehloride,  CCl^' 
formed  bj  the  action  of  lodiuni  t*lh.rl*t«  on  dUoropicrin  (p.  d26> : 

CCI,(NO,)     +     4NaOC,Hj     =.     3Nan     +     N»>'0,     +     CCOC.Hj.. 

It  is  a  liqnid  having  an  ethereal  odor,  and  boll  in  g^  at  1&PC1.1590C.  (316.4. 
air^.'i^F.).  Heated  with  anunoDia,  it  jielda  goanidiDe,  CN|H,,  and 
ethyl  alcohol : 

CiOC^Oi    +     3NH,    ««    CN,H»    +     4C,n,0H. 

The  oorroBponding  nicohiiU  C(OH)^,  has  probably  no  exlsienpe,  Inan. 
much  M  one  carbon-atom  appcora  to  be  incapable  of  Unking  together  two 
or  more  hydroxyl  groupa. 


HKXATOMIC  ALCOHOLS  AXB  ETHERS. 


J 


7*hla  claai  of  oompnunds  incliide§  numt  n(  the  SAoi'bArine  sobetanoes 
foond  in  plants,  and  nlhcru  prodnrwl  from  them  br  artificial  transforma- 
tion. Three  of  the  natural  flti^arfi,  mAnn  ite.  duleile,  and  sorbite, 
having  the  composition  C,II,,(V  nr  C,Ha(OH)«,  arn  HntnrnttMl  hexaiomlo 
alooliolH  derived  from  tht*  saturated  liviirocarbon,  C,H„.  Several  lUheia, 
called  ^lacoaes,  contain  C^H,|Of,  thai  \h  to  tmy,  two  atotua  of  hydn 

•  See  the  Chapter  on  Ooloi 


IIANMITE.  I 

Ipki*  than  mmnnite  and  dulcito,  and  may  thorefore  be  reganled— «o  far  as 
comptwition  in  coiiciTntKl — an  th«  aMchydwi  of  tlieso  alcolioU  :  tooreovt»r, 
orJiiittry  >;luoo8o  (grap«t-«ug&r)  is  cuuvurtud  iutu  toauiiile  by  the  actiuii  »f 
noitiM^nt  hydrijgen,  just  a*  atretic  aldtohydi*,  C,HjO,  ii  foiirvrt^d  iuUt  («m- 
mou  sluohal,  C,Hg<).  Furthur,  there  an  diglaooaiu  alcobula,  or 
•  aocharoaes,  ^'i)Itn^ii(^'^-'«^i/^*'~~^'/Oi  rflattxl  to  glacxtfes  in  thv 
tamo  manner  a^t  dietheniu  alcohol  to  KlyooX,  or  diKljcoriu  to  glycerin  :  the 
tnost  important  of  thei^e  art*  uane-NUgar  and  ui  ilk-sugar;  and,  lastly, 
thiTM  ar«!  ot*rtain  vegctabN;  pmdixctii  tailed  amylottch — vix.,  starrh, 
ci^llutose,  and  a  fuw  uthvni,  ropreaent^fd  by  the  furmula  0,H„,Oj,  or 
uiultiplc*s  theruuf,  which  may  be  regarded  aa  the  oxyg«u-«tlioni  or  auhy* 
dridt^  of  the  gluootiL*ji,  or  of  thu  diglutxieia  alcnholay  inasmuch  as  they 
dilTer  thurtifrum  by  a  molecule  of  water. 

These  three  groups  of  coiupounda,  which  oonaist  of  carbon  Diiit«d  with 
hydrogen  and  oxygen  in  thi«  proportion  to  form  water,  are  included  undur 
the  geavral  name  of  carbohydrates. 


Saturated  ffexatcmic  Alcoholt. 

Mannite.  C,HnO,  =  (C,U,)(OH)..— This  is  th<»  chief  component 
tnofnto,  an  •'xudatiou  from  a  Mpe«ii.«  of  ash  ;  it  in  al«o  found  in  Iho  Juii'<'  of 
oertauQ  other  plants,  in  several  sea-wevfls,  and  in  muHhrtximii,  It  it*  l«'»t 
prepared  by  treating  manna  with  t>oiling  aloohikl,  and  OUt>ring  the  fw»lu- 
tion  whilst  hot;  it  ihtm  i;ryMtAlliz<>H  nn  otiiting  in  tufts  of  slt-ndcr  needles. 
Manuite  may  be  produuwl  arlitiuially  by  treating  a  solution  of  glucose  with 
9odiam-amalgam,  the  gluouae  then  taking  up  2  atoms  of  hydrogen: 


I 

I 


The  same  transfoi-mation  of  glncoHe  sometimes  takes  place  under  the  aetlon 

of  certain  fenufntfi. 

Uannite  crystallizrs  in  thin  four-sided  prisms,  easily  soluble  in  water  and 
in  hot  alcohol,  insoluble  in  ether.      It  is  sligLlly  sweet,  melts  ftt  160°  C. 
(330.SO  K.).  haa  no  action  on  frfjlarized  light,  and  is  not  leruientable,  ex-^ 
cept  under  very  unnsual  conditionii.  |^ 

Ry  oxidation  in  coulacl  with  pfatinum  black-,  mannite  is  converted  into  fl 
mannitic  ai-id,  f*|H,/l„  and  maunitoRf,  r,H,j;0,,  a  kind  of  BUgar 
iriomeric  with  gluoosu.  Uv  oxidation  with  nitric  acitl  it  yii-lds  aaccharic 
acid.  (Vll,„0,,and  ultimitelv  oxalic  acid.  Mannitic  acid  and  »cclia- 
rio  acid  ar^-  related  to  mannite  in  the  same  manner  n«  glycolUc  acia  ana 
oxalic  ari.l  to  glycol  ;  the  relation  between  the  threo  compounds  is  buowaj 
by  the  foiiowiug  formula: 

cHjOn  coon 


rATTY    GUOUP:    ALCOHOLS    AND    ETHERS. 

By/umintj  nitric  aciti,  or  mure  easily  hy  a  mixture  of  nitric  oiid  sutf 
ackb,  uiaiiuito  U  coiiVfrt*fl  iulo  ni  IrotiiftH  ni  le,  (^«U(|(N02),Og,  «  < 
tallina  body  which  explodes  violentl/  by  perctubion  or  when  tfudde 
heated,  and  is  reconverted  into  maiinite  by  ammonium  sulphide. 
Bulphurle  a<^id  mannite  forms  iiu  Iphomanuitic   acid,  C\U,40|.3SO,. 

Manuile.  triMted  with  htftirioJic  actW,  in  converted  ixit^}  iteouudary  hexjrl 
Iodide,  or  hexeue  hydriodide. 


c,H,,Og  -h    mil 


+     6HsO    +     51,. 


J 


Mnnnilc,  li«mti*r1  with    nrganir   acids,  forms  eomiHiund    ethera,  after 
lufumcr  ol  alcohols  iii  general,  the  elements  of  the  mannite  and  the 
uniting;  together,  with  c*liiiilnatinn  of  one  or  more  molectiles  of  water.     Tht 
rediiUiug  luituimunilH^  calU-d  lu  tin  n  i  tnu  ides  ,  U>ara  considerable  resfim-^ 
bl&nce   to   the    falH  ;    but  their  cumpoaitlon  luu   not   been  very  e: 
determlnwl. 

Thiise  eihers*  when  iaponifiod  with  alknlies,  yield,  not  tnannito. 
man  n  it  an  ,  I'jilnO^,  a  inm|mmid  ditfiTing  fmm  mannite  by  one  iiiuLihji 
of  water.  The  Ksiniu  (^om[iound  is  ohiainid  in  Rni;iU  {|nKiitity  by  heatii 
mannite  to  ^Ol.*^  C.  (Sy^^^  P.),  and  more  eaaily  hy  prolungi-d  IniiUng  of 
luannite  with  tttrnn^  liydrochloric  acid.  It  is  a  Hyrnpy  liquid,  which  vola. 
tillzea  slowly  at  14t»0  C.  (2h4<^  F.),  iind  dissotves  e&itily  in  water  and  in 
cold  alKolute  alwhul :  thi&  last  property  afforda  the  means  of  svparating 
it  from  nmiinite.  When  exiHieed  to  tlie  air.  it  slowly  absorbs  water,  and 
ia   ret-onrrrted  into  mannite  ;    the  change  is  accelerated  by  boiling  with 

Mannite,  hnikil  wirh   hnt^fTxc.  arid,  gives  up  two  niol^srulefl  of  water,  aj|^^| 
is  convurted  inld  m  an  nidOf  <.'»HmO,,  which  is  alfio  a  syrupy  liquid,  bn^^ 
difl'era  from  mannilan  in  bving  mueli  mare  volatile,  evaporating  rapidly  at 
XM'^  C.  (2K4C>  K.),  and  in  lu-ing  tjuickly  reconvertt«l  into  mannite  by  ex- 
posure to  moist  air.     It  ditt^nlvctt  ea^il^  in  water,  and  in  abtiulute  alcohol. 

Tlic  two  aubydxides  of  luanuite  may  bo  represeuL«d  by  the  (ioUowiag 
formula) : — 


MannitaD. 


Dnlclte,  r,n, 


(O,,  alnn  called    Dulein,  Dulcase^  and   AfehmpjfriU.^TblM 

sugar,  i^tlUleril;  with  nmnnite,  ia  flbtainfd  from  a  crystalline  substance  of 
unknown  origin,  impi<rte4l  from  Madngtisear ;  it  is  extracted  therefntm  by 
Ixnlirtg  with  water,  and  crystallizeH  from  the  Hltert-d  solution.  Dukitu  is 
likewise  uhtained  fn»m  Mdumpymm  nrmorosHm,  by  mixing  the  aqueous 
deoootiun  of  the  plant  with  lime,  concentrating,  adding  hydrochloric  acid 
in  slight  excess,  aud  evaporating  a  little  i  it  then  separateM  in  crysuls  ju 
the  liquid  coots. 

Dulcite  is  a  sweet  snbetanee  resembling  mannite  in  most  of  Us  proper- 
ties, but  differing  from  it  in  its  crystalline  form,  which  is  that  of  a  mono- 
clinic  prijim.  whereas  the  crystals  of  mannite  are  Irimetric  ;  also  in  its 
mellinK  |M.int,  doleite  melting  at  J820  C.  (3r>9.6^'  F.),  mannite  at  l(itiC>  C. 
(IJiMi.HO  v.).  and  hy  yielding,  when  oxidized  with  nitric  acid,  not  sai-^ha- 
rio  acid,  bnt  mueio  acid,  which  is  iitomeric  therewith.  Dnh-ite,  heated 
with  bydfl'Kiic  acid,  yields  a  secondary  hcxvl  nlcnhnl,  id*>ntical  with  that 
obtained  from  mannite.  Healed  with  organic  acids,  it  forms  ethers  called 
duleitanides,  analogous  to  the  mannitanid««,  and  yielding  by  saponi- 
flcalinn,  not  duloite,  but  dnlcitan,  C«H,.0^,  which  may  likewise  he 
ohtnined  by  heating  duh-ite,  or  by  boiling  it  with  hvdroehloric  aoid.  3eX' 
acrUKfalriu,  <\n^(0(\Ufi)^,  melts  at  IVl©  C.  (339.60  F.). 


CA&BOUYDRATKS* 
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I H  o  d  u  1  c  i  t  u ,  CfH,fO(,  or  C^H^O^.H^O,  m  B»ccbarin«  sobBt&uoe  l»om«r[o 
with  mjiiinittf  and  dulcit«,  in  produtnxl  by  tho  action  uf  dilute  ocitl^  on 
qiivrdirin,  A  yellov  sutMlance  CNicurriiig  in  quGrciiron  bark.  It  forms 
largo  Iransp&reut,  ru^^ularly  developed  crytitaU,  tviseiubUng  tluisu  uf  uan<>- 
Bngar  :  it  is  ewoitter  than  grapt'-.sugar,  not  foriitentAble,  dissulves  lii  *i.09 
partH  of  wAt^r  at  18^  C.  (()4.4CF.),  and  oaally  in  absolate  alcohol.  The 
BoliiliouA  turn  the  plane  uf  iM>Iiirizatiun  to  the  right.  iBoduloite  m«*lt$y 
Vith  tusfluf  water,  between  lUOO  C.  (221  o  F.)  and  lUO  C.  C23rC  F.).  is 
ootorvd  yWlow  or  brown  by  strong  Bulpburio  acid  and  caustic  alkaluw,  and 
rednoes  cnprio  oxide.  By  a  mixture  of  nitrlo  and  nulphnrlc  aoida,  it  ia 
converted  into  a  slightly  explosive  nitro-oouipuund,  CcUy(NO^jOf. 

fiorbitfl,  Cgll.^Of -f~  H^s^i  occnrs  in  (he  hi^rriM  of  the  inonntaln<a»h 
in  Hrtiall  ervHlals,  eaiiilv  Koluhle  in  water.  It  gives  olT  ita  water  when 
fa«ate<t,  and  raelU  at  lllP  f.  (23lP  F.)- 

Mannite,  duloite,  and  aorbite  are  distingnishetl  fmm  tlin  truo  sugars 
(glueosea  and  sneoharoBua)  by  not  fermenting  in  contact  with  yeaat^  and 
by  not  reducing  an  alkaline  aolntion  of  ouprio  oxide. 

Fititto  and  Qnercite  are  naturally  ocourring  saccharine  bodies,  iao- 
nifi'io  wiilt  mannitaii  :ind  dulcitan. 

P  i  n  i  i  e  is  c<mtaiiie>l  in  the  napnf  a  CilifornJan  pine  {Pinu* iMti^^rtiami), 
and  [a  de|M>»ited  from  lh*>  aqueous  esctraet  nf  tliti  hanit^teil  juice,  in  hard 
whitH  fryatallinn  nodules,  aa  uweet  a«  eane-augar,  very  soluble  in  water, 
nearly  iit8oluble  in  aleuhol.  It  turns  the  plane  of  polarization  of  a  lumi- 
Duus  Thy  to  the  right :  it  in  not  fermontablt* .     With  bentoic  acid,  it  forms 


dibensopinite,  C^ 


((OH), 


,  and  tetrabensopiziito, 


and  similar  oomponnds  with  stearic  add. 


Qtioroito  is  a  saccharine  substance  extracted  from  acorns,  hy  treating 
the  aqaeoQS  infusion  with  milk  or  time  to  remove  tannic  acid,  leaving  tho 
liquid  to  ferment  with  yeaflt  to  remove  fermentable  sugar,  evaporating  the 
tiltratt*  to  a  ttyrup,  and  leaving  it  t4i  crystalUae.  It  forma  hard  monrndlnie 
crystals,  which  grate  between  tho  teeth,  and  are  soluble  in  water  and  in 
hot  dilute  alcohol,  ileated  In  a  sealed  lube  with  UHzoic  acid,  it  forma 
dibenxoq  nor  cite,  having  the  same  compusiliou  as  djbeuzopluite. 


CABBOHTDSATHB 


This   name,  aa  already  observed,  is  giren  t«  a  claAS  of  compounds  o 
tainiiig  ii  or  12  atom.')  of  carlKrii   united  with  hydrogen  and  oxygen  In  the 
projiortion   to  form  water.     They  may  1>«  regarded  as  derivatives  of  the 
hexatomio   alcohol,    C^Hj^O^,  and  are   divided   into   tho   three   following 
groups  1— 


I 
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nr  l)*!Xlrusc. 
—  Pruit-HUgar 
of  Lt*vulu6e. 
MnaniUMv. 
+  GAlactom}. 
InoftiUt. 

-|-  Kucal,vn. 


SaccMarnseaf 

4*  Cano-Bug&r 

or  Sacrhanwe. 
-f-  ParABacch arose. 
-4-  Mftito4i(>. 

^TrvhuloDU. 
4-  My  COM! . 

Synanlhrosti. 
-^  Milk-sugar 

or  l^aoUMO. 
•4-  Maltosti. 


+  Starch. 
4-  Dextrin. 
4-  (Jlycitgen. 
•—  liiulhi. 

Colluloae. 

Tunicia. 

Qum. 


organism ;    a  few 
organism. 


Moat  of  theM  oompoiindfl  oocnr  In  the  vegetable 
aa  dextrose,  Uctose,  glycogen,  and  iuoitile,  in  tUu 

The  ingars  Included  In  tltia  formula  may  Iw  regarded  aa  aldehjrdea 
the  jtaturati.'il  iiU-olioU,  C'^HiiOf.     Ordiuary  glueoee  (gra{>e-sugAr)   in 
vprtoi!  iiiti)  manaito  hy  Ui«  aition  of  naittwnt  liydrogi'U  (p.  til7),  and, 
the  utht^r  liaud,  uutniiite,  when  iiluwly  oxidised  iu  contact  willi  platiu 
black,  IB  partly  ixinvortfd  iulo  Uiannito»ie,     Nwvertbelesa,  tlm  ghicYMt.^s  ut; 
exlilbit  the  charaoteriritic  prt^pcrty  of  alcohols,  iiamoly,  that  of  formi 
elUerti  by  c^jiuhiiiathin  with  ai-ids  and  eltmiiiation  of  witter.     Tho  form 
of  a  glucose  may  indcefl  Ik*  fU-rived   from   ihut  of  inaiiiiit«  given  on   p, 
G17,  by  removing  two  hydrogen-aloma  from  one  of  the  grouiw,  CU,01I,  tho 
other  groups  remaining  as  before  ;  the  gluuose*  nuiy  therefore  be  expected 
to  act  OA  peiitattmiie  aluoUoU.     Bodieii  thus  oonatituted  may  bo  D&LItMl  a1- 
ooboliu  aldehydes. 

The  following  varictie«  of  glucose  are  known  : — 

1.  OrtUiHtry  ^Iucom,  prtHltir^Nl  by  hy<lration  of  gtiLrch  under  the  tnflnence 
of  dilute  aeida  or  of  diastase,  aiid  exUting  ready-formed,  together  with 
other  IcindH  of  sugar,  iu  honey  and  various  fruita,  eapecially  in  i^rapee, 
and  alone  in  dia))et)o  urine. 

2.  //eeu/oiff,  existing  in  cane-sugar  which  haa  been  a<-ted  upon  by 
and  obtained  pure  by  the  actiou  of  diluto  atiid*  upon  a  variety  of 
called  innlin. 

3.  Mannitose^  produced  by  oxidation  of  mannJte. 

4.  Ottlnrttae^  fnrnifd  by  the  action  of  aoids  on  miUc-flUgar. 

5.  Ino^iif,  existing  in  muscular  lleah. 

6.  Sorfnn,  ubtain^nl  from  niountain-ash  berries. 

7.  Eucniyn,  existing,  together  with  another  kind  of  Bugor,  In  the  so- 
called  AuHtralian  manna. 

8.  Dambottj  obtained  from  a  saccharine  sabetanoe  existing  iu  ACri 
oaoatchouc. 

The  first  three  of  these  glucoses  exhibit  but  very  xlight  diversity  in 
their  chemical  properties,  differing  chiefly  indeed  in  their  action  on  pi)lar- 
ixed  light,  and  a  few  other  physical  propprti«*s.  They  all  yield  ttacelinrie 
acid  by  oxidation.  Galaetfee  differs  from  l!»em  in  yielding  raueic  acid 
when  oxidixed.  Inosite,  sorbin,  and  eucalyn  exhibit  still  greater  diffei 
encps  in  their  chemical  properties.  I'specially  in  nr»t  being  frrmentabl 
except  under  very  peculiar  eircumstanci-«,  whereas  the  four  other  glu 

*  The  -(-  stRii  lodleatei  Ihst  the  pubitanee  turns  tbe  plane  of  polnrliatloa  to 
right ;  Ihf  —  ttiti;n  Indicitte*  rotntlon  to  the  l«fT. 


frapes, 
aciddH 

•J 

so- 


GLVCOBI, 


vndMg*  vinouH  fermuuUtion  wUun  placed,  under  certain  oowUtiMHB,  In 
ooiitaflt  vith  yfost. 

All  cbe  f^luoimt'ft,  pxri*pt  inrHitt<,  an*  dffviinpnsotl  by  boiling  with  ntinMnu 
Hlkalirn;  llijs  prnpf.trtr  diiitiii^fuirilioii  (hctu  rrniii  msiiniU*  niirl  diilcitcr. 
The/  ari<  nut  cu.rl>uiiixi>d  by  atrong  sulphuric  acid  ut  ordinary  t«-mpt-ra- 
tur>»i.  ^Vholl  boilvd  wilh  a  nulutiouof  fj<)tjMtiicM:upric  tortralti,  they  throw 
down  the  copper  in  tlie  form  uf  r«Mi  iiupniua  nxid«*. 

1.  Ordinary  Glucose,  Bextro-glnoose,  Dextrose,  r,H,,0.. — Tliia 
varitfty  ol  Hii^ar  is  v<-ry  nl>uiidanlty  dillusiNl  thron^^k  tb.*  veg**tnble  kiiig- 
diiin  :  it  may  U*  t^xtracle<l  in  InrLft*  'itiantity  from  the  juice  of  bweel  ^nppB 
(wb«»noe  it  is  ofton  callwi  grapr-tin/tir),  nl*M  from  honey,  <pf  which  it  ftfrnia 
the  Hotid  erystAlline  |>ortioii.  I>y  waHhiii<;  wilh  o»ld  alctdiol,  which  dia»ulvfi« 
the  fluid  Hyrup.  The  appHaraiiiiH  o(  this  sulwlaiH***,  to  an  ennmiouB  ex- 
tent, in  tliA  urine,  in  the  tiioHt  chnrftpterihtin  feature  of  tbn  dirteaiie  railed 
lOttittttM,  It  exists  in  diabt^tie  urine  unmixed  with  any  othi-r  kind  of  auj^ar, 
and  ia  eanllyobtaintNl  byi-onofiitratinK  the  liiptid  till  ileryatallizes.  wahbing 
the  cryiitals  with  cold  abvthol.  diHsolvin^  them  in  water,  and  re-<'ryiilallia- 
inj{.  It  inny  aUo  be  preparo*!  fniin  starcli  by  the  action  of  diaiitase,  a 
pm^iiliar  ferrnt-nt  existing  in  germinnjing  barley,  or  by  Uiiling  with  dilute 
aulphurio  add.  Id  thniie  reactions  the  starch  takes  nji  the  eleutentH  or 
w:iter,  ari<l  ia  rusulvud  Iiitu  glueusu  and  dextrin,  a  ouuipouud  iituiuuric  with 
Btaruh  itsulf. 


Slarok. 


r.H„o,  +    2r,H  o, 

Qlueoie.  Iiexirla. 


^ 


GlUDOde,  when  requlrf'd  in  cnnuiderablo  quantity,  Is  always  prfpar^n] 
from  Mtarch.  CVUuhwo  ia  Ukvwi»e  conv(rrt<>il  into  glucostf  liy  the  action  of 
ftcidtf.  Lastly,  gluoonti  ia  produced  by  iKiiliag  natural  glucouides  with 
ditiitt^  aci<U. 

UluL<ttrie  iri  much  leaj  aweet  than  cuie^ngar,  and  leas  afduble  in  water 
and  in  ahvdiul ;  anhydruiu  gluooae  dia&olvea  in  1.224  paria  uf  water  at  Ifio 
C  (S90  K.}.  From  ita  aquoouu  solution  it  Ht*paratei$  in  granular  warty 
nasat^,  consisting  of  a  hydrate,  l'«II,l(*||•ll,<^  which  learhot  aniiydroua 
gIuo(>s»  K»  a  fuHi^I  transparent  iiiaKH  when  heated  to  l(H>o  (^',  (^12"  >'.),  or  aa 
a  dry  whitt*  powiU-r  when  hwated  U>  &0'-  C.  (131^  F.)  or  W«  C.  (14«»  p.) 
in  a  Htreain  of  dry  air.  The  alcfdiotir  Holutiondepottitit  auhydrouii  glucoatj 
In  miLTottcopii;  nm*<ltes  which  inell  at  14(0  C.  (2h4<^  F-).  In  thu  state  of 
anjiitiim  gluci>Mt!  turns  the  plane  of  polnrizaliuu  of  a  ray  of  liglit  to  the 
rl^bl  (lirncn  th«  nanii*>4  tle.rtrittjiutog^  and  dt-etmsr)  :  its  spocido  or  molecular 
rotatory  [MJweT  i«  H-StP,  and  do***)  not  vary  with  tlie  teuii«rature  (pp.  49l»-I ). 

iiluc^se  may  Im?  heatvd  to  12(»0  (3.  <-i4SO  F.)  or  oven  13uO  i',  (2GliO  F.) 
without  allcrfttion.  bat  at  170°  C.  (:i3h<'  F.)  it  gives  olf  water,  and  ia  con- 
vertt-^i  into  glucosan,  C',K,jOj,  which,  when  freed  from  caramel  (p.  626) 
by  means  of  ch.arnoal,  and  from  glucose  by  fermentation,  fonut*  a  wjlorless 
moRs,  scarcely  sweet  to  the  ta»tc,  and  having  somewhat  leas  dextro-rota- 
tory power  tliftii  glucose.  At  higher  temiH<ratures  glaooao  blackeDB  and 
sufTers  complete  dewimpoaition.  Ghicoae,  boiled  for  Bom«  time  with  rfiVirfa 
nlftkuric  or  hj/tfmchfnrir  ariH^  is  converted  into  brown  aal»tano49  callwi 
nimin,  nlmir  aciil,  etc. — Sirrnnj  fuljtfmric  add  converts  It  at  ordinary  tem- 
peratures into  sulplioaaoohariG  acid,  C,Hi,0j30„  which  forma  a  soluble 
barium  Kalt. 

Limr,  Imri/ta,  and  /^m/rtxfWi"  dissolve  slowly  in  aqiie<niK -(oluiion  of  glucose, 
and  on  adding  alcuhul  to  the  Uqiilil,  LMimpmimU  "f  tto-se  oxides  wilh  glu- 
Crt*e  are  precipitated.  The  barium  compound  is  said  to  contain  (^lli/-*t)j 
<IittO),.2H,0;  tho  calcium  compound  (C,IIuO,),(CaO)j.2H,0 ;  the  lead 
compound  (CgH,jO,),CrbO)/OH)g.     These  oomiiouniU  are,  however,  very 
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unstable,  being  ducomposixi  at  the  heat  of  boiling  wat«:*r.     Ola 
couibiiies  with  mniium  cMoriJe,  forminj;  the  comixtund  (Cgll,j04),?i*CI 

liluaML*,  boilml  with  a  ntfiric  aalt  iu  preiteuce  of  atiaUta,  uiuily 
th«  cupriti  oxide  to  oupruun  oxide:  hy  this  (;baraoter  it  is  vaisilj  dii 
guisUutl  from  cane-Kiigar. 

Wht'H  solutiuud  of  cane-BUgar  aud  gluuosu  are  iiiixMl  with  two  ecpar 
portioiitt  of  sulutiuu  uf  uupric  sutpliatt*,  uud  cauitlia  pula»h  is  added  iu 
c<!»H  to  oAch,  <ie«p-blui^  liquids  are  obtained,  which,  on  bring  hi-attsj, 
hibtC  difftTont  ubaracttirs :  th«  one  containing  oane-sugar  ia  at  Qrat 
littU*   alturvd  ;  a   suiaII  quantity  of  rnl  powder  falU  aftvr  a  timt\  but  the 
liquid  long  retaiuii  its  bluu  tint ;  with  the  gluoosc,  on  tbt^  o(bt-r  band,  thul 
Untt  application  of  huat  thrown  down  a  1,-opiuus  ^ret'iUMb  precipitatu,  wbi<  ~ 
r.npiilly  idiangnit  to  ticarlet,  aud  eventually  to  dark-red   cuprous   oxi 
leaving  a  nearly  oolorlutm  bolulion.     If  only  tininii  quanlitiea  of  niatv: 
are  nvailablw,  a  mixtaro  of  cupric  sulphate  und  tarl.-irii:  acid,  to  which 
exctMA  of  potash  haa  beon  abided,  may  be  u^^ed  with  advantage.     Tliiti  boIi 
tion,  uallud  ftotOMgio'Ctiprir  tartrate^  ia  an  cxpellent  lf«t  fur  distinguishing 
two  varieti«a  of  sugar,  or  disuuvering  an  uduiixLuru  of  glucuau  with 
Bugar. 

ULuooiie  inixtfd  in  dilute  »olutiou,wUb  .ywu/ aud  exposed  to  a  leaip«r»- 
ture  of  21'=^2tP  i;.  (ti9.80-78.t:SO  y.)^  eutily  undergoes  vinous  fermentation 
(p.  5tf3>, 

2.  Lavalose,  (^gHi^O,. — ^This  sugar,  distinguished  fmni  df*xtro«o  b^ 
turning  th*-  plane  o(  pulariiatlun  to  the  left.uoeur^.  together  witli  dexlroM, 
in  honey,  in  many  fruitx,  iind  iu  other  Haccliariue  siilnftanciii.  The  uiixlura 
of  theiie  two  sugars  in  equivalent  quantitii«  constitutes  fruit-sugAr 
or  invert  sugar,  which  is  itself  levurotutory,  because  the  speciAc  rota- 
tory power  of  levuIoAe  is,  at  ordinary  teui]M'ratures,  greater  than  that  of 
dextrose. 

Canu-Hugsr  may  lie  im^wrtrd,  (hat  is,  transfonned  Intn  a  mixture  of  equal 
parts  of  dextrosa  and  levuluae,  by  warming  with  dilute  ocida : 

Tht'  samfl  change  ia  brought  alnrnt  by  contact  with  yeajtt,  or  with  peotaso, 
the  peeuliar  ferment  of  fruits  ;  it  Itkewiiie  takes  plac« slowly  wh«n  a  bolu- 
tion  lyf  cane-sugar  is  left  to  itself. 

To  separate  the  levulMe,  the  invert  Biigar  obtained  from  10  grama  of 
camvsugar  in  mixtMl  with  d  graiua  of  slaked  lime  and  100  grauLS  of  water, 
whereby  a  aolid  caleium-rompfiund  of  levulose  iv,  formed,  while  the  wholq 
of  the  dextrose  remains  in  scdution,  and  may  be  separated  from  the  pr«- 
cipitate  by  pffHKure.  The  caUiiiui  ttalt  of  levnlose,  suspended  in  v«t«t 
and  deiHimpi»ed  by  r^rlMjn  dioxide,  yiiddn  a  nolutiou  of  pure  levuloea, 
which  may  be  liltered  and  concentrated  by  evaporation.  Lernlctte  may  b« 
at  once  obtaineil  in  th«  pure  (date  l>y  the  action  of  dilute  atl^la  on  innlia. 

Levuloso  ifl  a  colorless  uncrystalllxable  syrup,  as  sweet  as  caue-«ugar, 
more  soIubU  in  aleohul  than  dextrose.  Its  rotatory  iM)wer  is  mm-h  (rr«at«r 
than  that  of  dextrwie  at  ordinary  lemperatured.  but  dimlnisbps  as  thft 
temperature  riHfta.  For  the  transition  tint  Iwtween  the  blue  and  the  purul* 
[«]  =  — 10(^  at  14^  r.  (57.1^:>K.)  :  ->  — "D.^o  at  J20  C  (I'r.OK.);  « 
—  530  at  1)0'-'  C.  (UI40  F.).  Now,  the  mlalory  power  of  dextrfffie  is  th« 
same  at  all  temperatures,  and  lujual  |o  -f  Otp  ;'  eDnsiNjuentlv  thnt  of  invert 
•ngar.  whieh  in  —  liiO  at  IS"-*  C.  (5»^  F.).  diniini>*lM-R  hy  about  on>>-half  at 
5*JP  C.  (12.10  p.).  Uuoines  nothing  at  900  c.  (1U40  F,),  and  uhuugea  sigu 
Above  that  U<mp<*rature. 

JLovuloae  exhibits,  for  the  rooft   part,  the  aauo  ohemloal  reaoUoxui  oi 
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deztiTMe,  bat  ie  more  euilj  altered  by  heat  or  by  acids,  and  on  th«  con* 
trar/  offers  grt-aler  rirsistiiiirtt  Ut  Ibe  action  »f  alkalies  or  of  fertiK*nts. 

Lerulotian,  (-'lil^oOt.  ihv  uxyg^n-etlier  or  anhydride  of  K-tvuloitp,  is 
produoml,  together  with  dextrose,  by  melting  caue-eugar  for  voini*  tioie  at 
ItiUO  C.  (32UO  F.)  : 

Tlio  dextrose  m?y  bo  reinored  from  th«  liquid  by  fi-rmfulalion,  and  the 
leralosan,  which  is  anfiruK^ntablu,  may  be  ubtaiuud  by  evaporaliun  no  an 
uncryataliiaable  syrup.  By  boiling  with  water  or  dilutn  acidx,  it  is  con- 
verted into  a  funuentable  lovorotatory  sugar,  prot)ably  levuloae. 

3.  Mannltoae,  f^HuO,. — Thid  is  the  sngnr  produced,  together  with 
maniiiMir  acid,  l*y  ih^  oxidation  of  mannite  In  LHUitact  with  platinum  blaok. 
It  may  bv>  SfpaniU'd  by  saturating  the  liquid  with  Iimf,  precipitating  the 
ealcium  manniiat*-  with  ulrohol,  evaporating  thi;  flitratu  to  a  syrup,  adding 
alcohol,  B|;ain  filtering,  and  evaporating  tu  drj^ness. 

Mannitoae  is  syrupy,  unrryst  alii  sable,  fermentable,  inactive  to  polarised 
light,  and  reseublcs  the  other  glucoses  in  ita  chemical  reaction. 

4.  Oalaotoae,  r^H^Oj,  is  produced  by  boiling  milk-HUgar  with  diluto 
aeids.  It  is  .Holubb?  In  water,  spnringly  so]tiblt<  in  oild  ahrtjliol,  nryiital- 
liies  more  rtattily  than  ordinary  g Income :  has  a  dexlro-rolatury  j^owtT  of 
83.3°;  and  is  very  easily  f»Tiut*nt;itilr,  It  rtWHUiblpn  dcxlnwe  in  most  of 
its  reactions,  but  is  dii^tingiiiHh'^  from  nil  the  four  glucoses  at»ove  dn- 
seribcd  by  yielding  muoio  instead  of  saocharic  acid,  when  oxidized  by 
nitrio  acid. 

5.  Inoalte,  or  Phaseo mannite,  C^n^O,,  Is  a  variety  of  gluooee  occur- 
ring iu  the  uiustiular  substance  vi  the  he&rl  iind  other  organs  of  the  aniuial 
body ;  also  in  greeu  kidney  biyiiw,  thi*  unrijk*  fruit  of  I^useolus  vutgarUf 
and  in  many  other  plants.  It  furjna  prismatic  crystals,  resembling  gyp- 
sum, stduble  In  water,  but  insoluble  in  aloi)hol  and  ether.  It  may  Iw 
boili-il  with  a  strong  aqu«'Oua  jH^taith  or  Imryta  without  alteration  or  color- 
ation. If  this  sugar  be  evaporated  with  nitric  acid  neariy  to  dryness, 
the  residue  mixed  with  a  little  ammonia  and  calcium  ohloridu,  and  again 
evaporat*Hi,  a  beautiful  and  characteristic  roso  tint  in  pn«luce<l. 

Inosile  do*'8  n<>t  ferment  with  yeast,  but  in  contact  with  cheese,  flesh,  or 
decaying  membrane  and  chalk,  it  undergota  Uctous  fermentation,  pri^ 
ducing  lactic,  butyric,  and  carbonic  acids. 


a  brown  cryatallte* 


I^H  aci<: 


fi.  Sorbin.  r,n^,0,,  is  a  crystalliaablo  sugar  existing  in  tb*Jjiiia»^ 

ripe  niountain-aMh  ^KTrics  (.Svrftu*  nucufMiria).     The  juic*«  whw  UHWi^«» 

stand  for  some  tirne  in  open  vessel.-*,  de[Ht«its 

which  may  l»e  obtniiutl  in  transparent  i.«lorb'»H  crystal* 

trimetric  system.     This  sutwtanuo  is  almost  iimoluble  in 

soluble  in  water,  to  which  it  imi>arts  an  exceedingly  *^*^ 

lion  of  sorbin,  mixed  with  ammonia  and  lead  acetate^  T"^  *    ^ 

culent  precipitate,  containing  C,.jH,sI'l>,0„.Pb(V     Wili  arf^  ^km^  « 

forms  a  compound  which  crystallizes  in  cubes. 

Sorbin  is  converted  by  nirric  acid  into  tartaric, 

d«.     It  <loe8  not   ferment  with  yeast,  but  in 
lalk,  at  4tiO  C.  (HUO  P.),  it  undergoes  laotooa  f< 

rge  quantity  of  lactic  acid,  together  with  alcohol 


^ 


FATTY    group:    ALCOHOLS    AND    ETHCRS. 

7.  Enoalyn,  f  iH„0^  ia  an  unftrmeu tabic  8U}f«r,  iiMpArated  iu  the 
nieiilaiiou  ni  iiit<liU«u  (the  sugnr  of  the  AWafiff^tiui  of  Tasmania),  is 
BtHjUriicr  of  thf  deittruttiDn  of  tt  ft'mu*iitalih*  kind  of  sugar,  which,  in 
biiiation  with  cucal>'D,  oonstituletj  mrlitutjo: 

C.,ll«<»„      +     U,0     =     SCO,     +     2C,1I.0     +     C,H,,0. 
JUetlruie.  Alcuhul.  £ucAlja. 

On   erapr>rating  the  liquid,  the  eucalj'n  reioains  us  an  nncry»UUisal)) 
syrup,  having  a  spetilic  rotatory  power  of  +  105^  nearly.     It  ia  not 
derud  ft-rnientablo  by  the  actioa  of  sulphuric  acid. 

8.  Dambose,  CglljjO,.  obtaint'd  by  heating  damlwnite  with  hrdHodt 
acid,  try i*ttillii«-'d  in  tsix-tiidt'd  prlsruH,  Du-lting  at  21^  C.  (413. bO  K.). 

OumfMtmte,  il»  uirthylic  vtliur,  *V'iw("-'l^»)a^ii  (H-cure  in  a  peculiar  kin 
of  caoutohoua  fr^»m  tin*  (ralKKtn  in  Wiitt  .-\frira,  from  which  it  mav  be  el 
IraiittHl  by  aluuhol.  Il  crystallizes  from  uk'idiol  in  ttix-^idiKl  prisma,  di« 
BolvHfl  eanilv  in  waU^r,  imdts  at  19t>^  C.  (374'-'  F.),  and  sublimes  at  20(A 
210O  C.  (:iy-*cu4ii.>o  Y,)  in  aleuder  shining  nL-edlea. 

Qi.trcoflii)Ks. — When  ordinary  glucoao  is  heated  lol0(KU120OG 
(2l2-i4S*^  F.)  ffir  Ilfty  or  sixty  bnnrs  with  arctir,  butyric,  st»»ar)r,  bL'nzoia 
and  nthernrganicnoidjt,  the  two  unite,  with  elimination  of  water,  and  etjut 
pound  **th«.'r8  called  Kl>if'w*i<l**8  ore  forun-d,  niialugous  to  the  uiannitaiiidcA 
A  nunilH'r  of  lh<-fte  nrlifleial  glucosides  have  been  pre|Mir*>d  by  Iterthelot 
who  rejiftrds  them  as  derivatives  of  iftumsttn,  C^Hj^O^,  l^'ause  when  heate 
with  alkalies  they  yield  ^Uieosan,  nut  glucose.  Thus,  there  is  a  glucoM 
butyric  other  to  whieli  Bfrth«*lot  assigns  tin-*  fomnila  (^iHj((' H,0).Oj,  ani 
an  noetic  ether,  which  hfl  regards  as  hexaeeto-glucr*an,  C',jM,(C,H,(>)^0^ 
bnl  they  are  merely  oily  liquids,  which  nrt-  vrry  difficult  to  obtain  pur« 
and  therof.irt*  their  analyst's  are  not  much  to  Ix'  dt'inndi'd  on. 

A  c«m8id4»rable  number  of  Uidies  of  similar  constitution  t>xist   read^ 
formt.*d  in  plants,  many  of  tlu-ni  ronslituting  the  bitter  principles  of  th 
Tcgetable  kingdom.    N(Mie  of  these  natural  glucosidee  have  bi-m  prodni 
artiHcially,  but  they  nrr  all  rfsolriHl  by  )x>iling  with  dilate  acids  into  glu 
cose  and  some  other  com[>()Uud.     The  moat  important  of  them  will  be  d 
scribed  iu  a  future  chapter. 


POLTOLrCOSlO  Atconoij). 
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The  oompoundfl  of  this  gronp.  inclading  cane-sugar  and  other  bodl 
moreor  lees  rwembliug  it,  may  be  regardi.'d  as  fornit><i  by  thi'  mmbtnatfon  i 
two  or  more  molcruh's  of  gluc«»fe,  with  tdiiniiiation  of  a  number  of  mole<^ 
cuIm  of  water,  h«s  by  onu  than  the  number  of  glucuse  molecules  whichj 
enter  in  the  combination  : 

2C,H,,0,    —     H,0  *■     r„H„0„.  Dighioosic  alcohol. 

3(.\I1„(»,    —     2U,0  =     r„Ha,0„.  Trigluewic  aloohol. 

«C.H„0,    -     («-l)H,0   ^    CfaU„^+,0^+,. 

The  only  known  alroliols  of  this  class  are  dlglnoosic  alcohols,  C„H,/>,i;i 
bat  starch,  cellulose,  and  other  plant  mnstitnent*,  appear  to  be  the  oat r- 
gen-cthcrs,  or  anliydrides,  of  polyghicosic  ab'ohuls  ttf  higher  orders.  ^ 

Oane-angar  nr  Bacoharoae.  C„11„0„. — This  most  useful  »ub- 
stanco  ia  found  in  the  juic«  of  many  of  tlie  grasses,  in  the  sap  of  several 
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forest  trees,  fn  the  root  of  the  beet  and  the  mallow,  and  in  sevorat  othiT 
plaiiU.  MuHt  sweet  fruits  L-ontain  canf-sugar,  toj^ellter  with  iuwrt  sugar 
(p.  ii'Jrl) ',  mnne,  Rs  walnuU^  hazel-ntitii,  alniond.H,  (rolTee-IwanH^  and  St. 
John'a-brt'ad  (the  fruit  uf  Ceratoniu  sUiijua)^  oontaiu  only  oane-iiugAr. 
Uouey  and  the  nt;otnrs  of  flowers  contain  cane-sugar  to^<>th6r  with  in> 
Tert  »ng&r ;  tho  augur  in  the  nectary  of  caoiusen  i:i  &hiio.st  wliully  cane- 
sugar. 

^u;^ar  is  extracted  raofit  easily  and  in  greatcwt  abundance  from  the  sugar- 
cant-  (."^rfJinrum  ajfir.iiiarum)^  oultivatcti  for  thfi  purpuso  in  many  trojtii-al 
oountriua.  The  c&nes  are  cruiihed  bvtwven  roUerti,  and  the  t-xpn^sed  juic« 
is  8uff^■r«^d  to  flow  into  a  lar^e  vessel,  whi'r<i  it  is  slowly  ln^attMl  nearly  to 
its  iKtiling  point.  A  amatl  quantity  of  slaked  limo  mixtnl  with  watvr  bt 
then  ad<led,  which  m'ca^ions  tl^u  ^tuparation  uf  a  CA>agulum  cfjiidiHtiug 
ohielly  of  earthy  pliospliati'.t,  wiixy  inatUir,  u  jHMMjliar  alliuniirinuM  prin- 
olplo,  and  m<?<i}haniL'al  iujpuritiv!».  The  d>'ar  ligiiiil  i>opural4tfl  I'mm  ihi*  co- 
agnhiu)  is  rapidly  cvaijoratwi  in  open  puuii,  hoatt-d  hy  a  ttlrong  IJn."  luudo 
with  th«  crusht^l  cani'^s  of  the  pritcBdiiig  year,  whicli  have  bocu  driud  iu 
tli«  sun,  and  preserved  for  the  purpoee.  When  sufllcii'Utly  vonceutratrd, 
tlm  syrup  is  tranaferrud  to  a  shallow  rr^Mcl,  and  left  to  rrydLaUize,  duriu}( 
which  time  it  U  frequently  agiiatod  in  order  to  ha:iten  the  change  and 
hinck'r  the  fnrirmtion  uf  large  crj>-ijta.la.  It  is  lastly  drained  from  the  dark 
unrryKtallixublH  syrup,  or  nio/u«ietf,  and  sent  into  comuicrce,  uud^^r  tlio 
name  of  rat^  or  Muscorudo  sugar.  The  refining  of  this  crude  product  is 
elTected  by  redi»sulving  it  iu  water,  adding  a  quantity  of  albumin  in  the 
shape  iif  iM^ruin  uf  bUnxl  or  wkite  of  egg,  and  sowetilues  a  little  lime-water, 
and  heating  the  whole  to  the  ^N>iling  ptiiut :  the  albumin  c^mgulatiw,  and 
forms  a  kind  of  network  of  llbn-s,  which  incline  and  separate  from  the 
liquid  alt  mechanically  suspended  impurities.  The  solutiou  is  dt^colorizud 
by  UUratiou  through  animal  churcuol,  4<<vapurated  to  thu  crytitalliziiig 
point,  and  put  into  conical  earthen  mouldH,  where  it  sulidifles,  after  s<?iuu 
time,  to  a  c<mfuse'lly  crystalline  uniss,  which  in  draiued,  waehed  with  a 
iiltle  cU'Jin  ayrup,  and  dried  in  a  stove  ;  tlie  pruduct  is  ordinary  lnaj'-»utjar, 
When  the  crystallization  is  allowed  to  take  place  quietly  and  alowly,  autjar 
canii^  resultii,  the  crystals  under  tUeue  circnuu^tances  ut^^ui^ing  largo 
volume  and  regular  form.  The  evaporation  of  the  decolorixeil  syrup  is 
best  oonduc^.ed  iu  strung  close  boilers  exhausted  of  air  :  the  Ixiiling  ptiint 
of  the  syrup  is  reduced  iji  consequence  fr4»m  llU-'  C.  ('Z'MP  K.)  to  *i5.0O  (;. 
(IStP  K.),  or  below,  and  the  injurious  action  of  the  heat  ui>on  the  sugar 
la  iu  great  measure  prevented.  Indeed,  the  production  of  molasses  in  the 
rude  coluiiial  manufacture  is  chietly  the  r»*suU  of  the  high  and  long  oim- 
tlnutid  heat  flppliod  to  the  uane-juico,  and  might  be  almost  entirely  pro- 
Tented  by  the  use  uf  vaeunm-panti,  the  product  of  sugar  biting  thereby 
greatly  increaAe<l  in  quantity,  and  so  far  improved  in  quality  oa  to  beoonie 
aluKMt  equal  to  the  R'^tined  article. 

in  many  ports  of  the  continent  of  Europe,  augur  is  manufaotured  on  a 
large  scale  from  beet-root,  which  contains  about  8  pt*r  cent,  of  that  siih- 
sLauoo.  The  process  la  for  more  couiplicate<l  and  troublesuiue  than  tbtit 
jnst  described,  and  the  raw  product  much  iuferior.  When  relinetl,  how- 
ever, it  is  scarcely  to  l)e  disting\ii;4he<l  from  the  preceding.  In  liu-  Wcsti-rn 
States  of  America,  sngar  is  pre|inre<l  in  oonsidersble  quantity  from  the 
sap  of  the  sugar  maple  {Acrr  Mni-ftnriuum),  which  is  common  in  thueie  parts. 
The  tree  is  Lapped  in  the  Hjtring  by  Ijoring  a  hole  a  little  way  Jnio  tlm 
wiHxl,  auil  inserting  a  small  spout  to  convoy  the  liquid  into  a  vessel  placed 
for  its  reception.  This  is  Iwiled  down  in  an  iri^n  j>ot,  and  furni^thcs  a 
04iarse  sugar,  which  is  almost  wholly  employed  for  domestic  purpuavs,  buL 
little  finding  its  way  into  commerce. 
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At  the  boiling  heat,  the  prodact  cotwiiita  diietly  of  oxnlic  acid.  Very 
atroiig  nitric  atiul,  or  a  mixture  of  strung  iiilrir  and  Btilphuriu  a(.-.idM,  ron- 
vertfl  Ba^'ar  into  ni  t roHaucharose,  j>rulmt>l,r  C„H,ft(NOj)jOu.  gugiir 
in  likfwist*  oxidUvd  hy  chlorido  of  lime,  tmt  tbe  products  have  not  Uwa 
oxaniUifd. 

Caiit;-»ut;iLr  d<H.<H  Uut  turn  hroirn  wli>.<n  triturated  with  alkalii-s,  B  cha- 
rarlfr  by  which  it  ih  ditttinj^niritn'il  frmn  };Iiinoatf :  it  cotnltincs  with  them, 
howeror,  forming  conijwuuds  (ralle<l  Bucrates.  By  Mling  with  potoah- 
l>'u  it  is  duoomputiud,  but  much  more  idowly  than  thu  gluouaes. 

/brtijuiuiii-and.SM/iuM'<ro/r^()Mm/jfof  L'anti-augar,C„Ii,,KO,,andC„H„NaO,p 
aru  furiutnl,  ika  gidutinuu^  prvctpilate«,  ou  mixiug  an  alcoholic  Bolution  of 
caud-augar  with  |>iiladh>  vr  soda-lye. 

A  iSarium-eamptmndf  C||U,oBaO„.H,0,  or  CuH„0.,.DaO,  \a  obtnined,  as  a 
oryitalline  precipitale,  on  adding  hydrate  or  nulphide  uf  bariau  to  an 
aqueoua  i»ululion  of  sugar.  It  may  be  oryatallitod  from  boiling  water,  but 
hi  iusolublt)  in  alcohol. 

Calt^ium-cotHpnitmla. —  Lime  disnolves  in  Bugar-waltr  mucli  mor«  rapidly 
than  in  pure  wntiT.  The  HuluUon  has  a  bitter  ta^te,  aiul  is  completely 
hut  slowly  pri<i^)pilated  by  carUmie  acid.  Therf  an*  three  or  four  of  Ihi-Mo 
ounpoundK,  which  luay  be  appruxiuialely  repreitoutod  by  the  following 
forum  Lie  :^ 


1.  C,JI„0|,.CaO. 

2.  2JuH„Ou.3CaO  <f) 


8.  C„H„0,j.2ra0.2H,0. 
4,  C„H„Oi,.3<;aO. 


Magni-Kut  nnd  Umi  nrifte  are  aUo  dlaftolvml  by  Hiigar-wator.  A  oryatalllnA 
lead-oomiMiuud,  l',jll,^Hb|0„,  ia  precipitated  on  mixing  sugar-water  with 
neutral  lead-acetute  and  ammonia. 

Sugar  also  fdriim  cryMLiilline  cotDpnnnds  witli  junlium  <-hlaruU. 

Cano-flUgar  U  not  dir^'Ctly  fernu'ntublc.  but  when  itH  ilUutf^  ■qaoouR 
solution  iii  mixetl  with  yeast,  and  exponed  to  a  warm  atmot^phere,  It  \*  flrxi 
rtwolvoxl  into  a  mixture  of  dextrose  and  levuloae,  which  theu  outer  into 
fermcntatiou,  yielding  altxihui  and  carbon  dioxide. 

Paiasaooharose,  ^i^n^^O,,. — ^TbiH  in  an  isomrrido  of  cane-snfrar,  jiro- 
dueed,  aivirdiiig  to  Joiiin,*  by  «pontan<H>ui4  fcrmentatinn.  An  ni{itp«<uH 
volution  of  oane-«u>;nr  Lontaining  anuuouium  phociphnte,  left  to  itHelf  for 
three  months  in  sunimxr,  yielded,  under  eircnmstanoes  not  furtber  speci- 
fied, a  crystalline  sugar,  iaumeric  witb  saceharoae,  together  with  an  amor- 
phous sugar  having  the  composition  of  a  glueose,  both  4luxlro-r<itatory. 
Paraaaccharoae  U  very  soluble  in  water,  nearly  inwdulde  in  aleohol  of  »0 
per  cent.  Its  spoolflc  rotaUjry  i»ower  at  10^  C.  (SiiO  V.)  —  -f  l*"^^.  ap- 
pearing to  increase  a  lUtle  with  rise  of  temperature.  It  do»8  not  roelt  at 
I0t>o,  but  b*Hy>t»eft  colored,  and  appeain  to  deoompose.  It  redna-s  an  al- 
kaline cnpric  solntion.  but  only  half  as  strongly  aa  dextro-gliKvine.  it  Is 
not  pereeplibly  altentil  by  ililiite  sulphuric  acid,  even  at  U«»0;  hydro- 
chloric acid  weako'ns  its  rntiitory  f»ower.  turns  the  aolation  brown,  and 
heightens  its  reducing  power  for  cupric  oxide. 

Melitose,  C„H„0„.— A  kind  of  sngar  obtained  from  the  manna  which 
fallH  in  opfliiue  drops  from  various  speeies  of  Eitcuhjplm  growing  in  Taa^ 
mania.  It  is  extracted  by  water,  and  oryBtalliK^  in  extremely  thin  inler- 
lac4*d  nowiles,  having  a  Hligbtly  saccharine  taste. 

The  crystals  of  melito*Mi  are  hydrated,  containing  C„H„0,j.3n,0.    Tbey 

•  Uomptes  R0Ddui,  1111^  'ttSi  Uv.  r». 


rATTT  OROUP:    AUrOflOLS    kSD    KTUBK8. 


<M^  F->*    TliV  *»kJ»**  »■  »  |«t»  «r  a»U  vatrr.  T*rrv  «^Hly  in 

hMUd  witk  <iaal»  MliAttric  aoi,  ii  reMlrod  into  «  lenavftU- 

hmsBte  in  «BeUci  vilk  jMat,  taA  It  naolrod,  in  OiefiHl  i»- 
glaraae  aad  vnoljrn. 

It  is  oKUiaad  hf  nitrtc  ft«M,  jir^iing 
aoUt  t«s««k«r  vitli  a  Urjpt  qnutity  of  oube  »dd. 


hf  hrilbv  *>«*»  dilole  UkjUi**  or  wirh  hmtru- 
itnc  ft«M,  jMiiing  a  cwrtala  quautitr  of  ■■«ck 


MaleaitOM^  C,AiO„.— This  Tarietv  of  sqgar  ia  IpuhI  In  ibc  so- 
Banna  of  Briaa^on,  irhicti  exodas  9nm  the  yonng  aboou  of   th« 
(L«ru  nr^psa).     Th«  manna  m  ezhaastid   with  alo^al,   wUicU,    vb<ni 
•vaporaUd,  jieWa  nw^lrsiUlw  in  xtry  amaU,  tiara,  shinui^,  •-m^^rrmx 

K«rTStaU,  which  pire  wlT  4  p(rr  <vnl.  of  water  when  IkMUd,  aoj  mrlt  bi*l 
^n40OC.  (2S1-'  y.)  withnat  further  alt^-ratiou.  forming  a  Hqnid  which  &nli 
^Hjiea  to  a  glass  on  cooliujr.     Jlel«*xitaBe  u  dcortro^rotatorj  ;   [« j  ^  _f-  t»4,  \ 
Hni  Ji— 4Tca  easUj  in  water,  b  nearij  insuInU*  ia  aotdrftUphtlr  sotubk-  i 
^■wUi^  alcohol. 

M«leaibMa  dooompciaes  at  abtrat  3U0O  C.  (3*.'::^  P.).     U  ia  carboniaad 
eoM  strong  sulphart«  aiuJ.  quickljr  turns  hrunn  ntth  boitin^  hv'lr..i,t'^ 
add,  and  foniu  oxaLio  aciJ  with  uitrio  aod.     Bv  au  huur'a  U 
dilaU  Aulptmrio  aciit,  it  i^  conrrrtcd  into  ;laoOB«.     In  routaot  \k  .■  ■ 
it  passes  slowljr.  or  sometimea  not  at  all,  iutu  Tiaons  f«niicntatiuu.  '  U 
not  altcrvd  at  IWM  C.  bjr  aqa«oos  alkalim,  and  scarocl/  by  puUssio-cn 
tartrate. 


K 


Trehalose,  r,jH-,0,,.2H,0.  is  obtained  from  TVmU/ti  mama,  the  pi 
of  s  «pec-i«4  o(  KciiinopBi  j^mwing  in  lU**  Ksal,  br  extraciion  with  ~ 
aloohol.     It  fornLs  shining  rhombic   cTr»tnl8.  containing  C.H   <> 
whioh  rapU  when  quickly  heaU-i  to   U»1K>  C.  (±».a^  K.)  : 
btfat«*l  giT0  off  their  water  ereu  l><low  llNK^.     It  faaa  a  slroii.       -^  .  __^ 

te»t«i  disaolctti  easily  in  water  and   in  boiling  alcohol,  bul  u  ituolubt 
other.     The  ft'^u»'Oua  solution  id  ilextrivrDtatory  ;  (■]  =  +  1990, 
Bjr  seT«ral  hour-i'  builing  with  diluto  sulphtirii'  ariil.  it  is  conrprtod  int9^ 
xtrose.     With  stnmg  nitric  acid  it  forms  a  delnnaiin^  nilr^-ooniimnnil  :, 
Iterated  with  dilute  nitric  Acid  it  yiel'ls  oxalic  Acid,     in  cnntaci  with  yi-a»t 
it  passes  slowly  and   im{t<>rfectly  into  alcoholic  fernifotatinn.     It   i«    not 
altenwi  by  boiling  with  alkalies,  and  does  not  rvduiv  cupmus  oxide  fruiaH 
alkaline  cnpric  Holutions.     Heated  with  aeelio  or  butyric  a«-i'l,  it  yields 
pounds  not  distinguishable  from  those  which  are  formed  in  like  manner 
m  dezlTMe  (p.  (i:U). 

Myoose,  C„H„0„. 211,0,  is  a  kind  of  flnp&r.  T«^ry  mnch  like  treha1os«, 

■ol'taimsi  from  ''rgut  of  rye   by  prrclpitattii};  the  A<)ueous  extract  of  tho 

tut;QS  with  ba^ic  lead  acetate,  ri^movinu  the  b-nd  from  Iho  filtrate  by  ttul- 

jhydric  acid,  fvapttratins  to  a  syrup,  and  Ifflvinp  the  li'jujd  tu  crystallise. 

It  differs  from  trehalose  only  in  pownssinp  a  aonifwhnt  fMp|>|*>r  rotntor^i 

»wer;  [«]  ^-h  lit2.&'^,  and  in  not  being  oonipletcly  dehydrated  at  lUUO. 

Synanthrose,  CuIT-O,,,  occufh  in  the  tuKm  of  rMUm  iiitutfnhn^  ^tf  tlie', 
Jeriiauluiu  artichuko  (&«wM«j  tuUrofiu),  and  other  plants  of  Utu  oumpo- 
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sitA  or  Bynanthraceona  order.  It  is  a  light  ainorphoua  poirder,  rory  duU- 
quiiicvut,  iiut  swet't,  aiiil  without  ai'tion  on  polaruud  light.  It  is  resolved 
hy  dilute  acida  or  by  yuast  into  dextroav  and  lerulose,  aod  jri«ldi»  saccharic 
acid  by  oxidatiou. 

Milk-sagar,  Laotln,  or  Lactose,  r„H„n,,.njO..T1i]8  kind 

of  HUgnr  is  an  important  L-onutituent  oC  milk  :  it  i»  obtaiiitil  in  Iar>;o  quon- 
titiL-«  by  evaporating  u-'Any  tu  a  syrupy  tttato,  and  purifying  tht*  laotosu, 
which  sbtwly  cryAtAllizfH  out,  with  aulntAl  charcoal.  It  forms  wliiti*, 
trausluoent,  four-sldt^,  trimt*trip  prisms,  of  great  hardness.  It  is  slow  and 
difficult  of  solution  in  cold  water,  r<*quiring  for  t  bat  purpoao  fire  or  six  tinH*tt 
its  wisigUt.  Itssptt'ilic  rotatory  i»owi*r  ju  mjUtMUtt  solution  ti<  [«]s;s-|- S^-**^* 
It  had  a  faint,  sweet  lotttv,  and  in  tht;  isolid  utute  ftHrln  grilly  l>i'tW(<un  thu 
teeth.  When  heated,  it  loses  water,  and  at  u  liigh  temperature  blackens 
and  do<'onipod<ti.  Milk-sugar  conibiucB  with  tNiscH,  fonning  comjtoundft 
which  have  an  alkaline  reaction,  and  are  easily  decomposed.  LHlute  at-idH 
convert  it  into  galaeloee  (p.  iil'i). 

Milk-!iui;ar,  when  distilled  wiUi  ozidlxiug  mixtures,  suoh  aa  eulphuriu 
aoid  and  mangunetie  dioxide,  yif*ldH  fonnie  ncid.  With  nitric  acid,  it  forniH 
inucio,  Hoocbaric,  tartaric,  and  a  huiuU  quantity  of  raoeuiic  acid,  and  finally 
oxalic  acid.  Very  ittrong  nitric  acid,  or  a  mixture  of  nitric  and  Kulphuric 
aciilH,  [x>nvertK  uiilk-ttugar  into  a  crystalline  substitution-product  called 
nitrolactin. 

Milk-6U};ar  in  not  brought  immediately  by  yeast  into  the  stAte  of  aloohollo 
fenneiitalion  ;  but  when  it  is  left  fur  some  time  in  contact  with  yeast,  fer- 
ujentaiiou  gradually  seta  in.  When  cbee«e  or  gluten  is  asod  as  the  femient, 
the  milk-Bugar  is  orjnvertcd  into  lactic  acid,  Alwdiol  !»,  however,  always 
formed  at  the  same  time,  especially  if  uo  uhatk  \a  addetl  to  neutralise  the 
acid  »»  it  formst ;  the  quantity  of  alcohol  furmed  is  greater  aUu  as  tlie 
solution  'lA  more  dilute. 

Maltose. — This  is  a  sugar  isomeric  with  Inctose.  prnducnl  hy  the 
action  of  malt-i'xtract  on  Ktarnh.  It  is  less  soluble  in  nlcoliol  than  dex- 
irose,  has  a  redtu'ing  p«»wer  about  two-tbinls  aH  great  as  that  of  dexlrusu, 
and  a  Hpeciflc  rotatory  power  of  -f*  ^^'  ^X  ^^  prolougud  aetiou  of  auids 
it  is  converted  int^j  dextrose. 
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OXTOBn-BTUfiBS  OB  ANOTSBIDBS  OP  THB  POLT-OLUCOBIO  ALOOnOES — 
AMTLOSBS. 

These  oompoandei,  which  are  important  oonstltnenU  nf  the  regetahle 
organism,  may  be  drrivtrtl  from  glucose  and  the  poly-glucosic  alcohols  by 
nbalraction  of  a  moleoule  of  water: 


aluoose. 

H,0 

= 

C.n.oO,, 

C,  H„0       - 

DiKhicosie 
alcohol. 

H.0 

=■ 

C..H„a„,  or  2C,n,oO„ 

TrlKlucofio 

alooliol. 

H^ 

^=£ 

C,,II„0.„  or  3C,H„0^ 

C,JI.(ta+3<^io+I  — 
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f-fp^  % 


•4  rrjtA^Uime  straftaff«,  bat  to 

■p«#  iMoitittt.to» of  litU*  ffoaadci' 
Kb  of  wfaicfa  a 


iiai,  najf^TtcD  be  traced.  Tfaestanuk-' 
(ffiifi-4tm  fhNB  dlBWwnl  |i'  .    txitb  in  nuf^itudc  sad  fonn :  iIms* 

!  '  ''inwt  eocnnr/t,  tn  t'jvw  U»  mfris,  And  potato  bring  Ititf  l&rgtal ;  anit 

!  .  wh«-fit,  ftnfl  th"  *»«r'-»I«  in  i?«mfiil.  f*tt  tBHfb  smaller,     fl^ona 

J7i  -  I. 

\V'  ,e  boiling 

li-MIM'ftt,    fflMII     ll.'       f    fill"     IWitt  •!   .!•• 

Iiriiiiub*.     Ily  tbi*  iMl'lirton  of  a  Urtr*!  <|u  > 
»Urrb,(tr  umnitn,  may  b»  iM>far  iiJlul«Hl  lu  !■ 


4 
I 


OLYCOOEV.  631 

ilUor-psper.  It  is  rery  doubtful,  howerer,  how  far  the  Hubetance  itself 
M  reaUj  sulublo  in  watvr,  at  least  wIiimi  txiM ;  it  i*  luurv  Ukely  to  lie 
nioriKl/  stupundLMl  in  the  Liquid  iu  the  fnrui  uf  n  swoUeii,  traUhpurout,  and 
iDflolubltf  J*.'<1L/,  of  extriMuii  Ictiuity.  (k'latiuuuM  starcli,  i'xjrui^  iu  a  ihiu 
Inyer  tti  a  ilr/  atuimpluTe,  iH^txnuetf  uunvurtvil  iiitu  a  yfiluwiah,  li(irnysul>- 
tance,  like  gum,  which,  wlivii  put  iiilu  wiUvr,  aj^alu  ttufteiiK  uiij  bwellts. 

Thin  gHJaliiiuiis  aiarcU  i^  pHHiipitated  by  many  uf  tlie  muUillic  uxidcs, 
as  Um*i,  baryta,  and  t«;wl  oxidi! ;  ulao  by  a  largi}  atldition  of  alcohol. 
It^'unioH  of  galls  thruWH  dunn  a  copious  yulluwi»h  prvcipiUite  ooiitaining 
ta'iinio  acid,  which  renlmsolvtii  wlivu  thu  lioluduu  id  htMtL*d.  Uy  far  tliu 
mi)at  characttiristio  reactluii,  liowcvcr,  iif  that  with  free  iodine,  which  fonna 
with  Hlaroh  a  d<>4>p  indigo-blu«i  i-4impuuud,  which  appuara  to  disdolvo  iu 
pnrn  wntc^r,  ttUliou>;ti  it  i*  iiiH<ilui>U*  iu  HuhiLinus  c<intaintng  frev  acid  or 
salin*'  matter.  Thu  mlor  of  t)ii*  bluv  liquid  i.s  diiitn^ytHi  by  hi->at,  terajto- 
rarily  if  the  hent  bo  quickly  withdrawn,  nud  pfruinnt.-ntly  if  tho  boiling 
bti  long  oontinued,  in  whieli  vasf  tin*  comftnuiid  in  dia'ir^nipfvied,  ami  the 
iodinu  rolatiltiud.  Dry  KlaruU,  put  into  iodiiie-water,  aci^uirtsb  a  purplish- 
blark  color. 

Tin*  unutt<^r<yl  and  the  golatiuoas  starch,  when  dry,  have  the  same  em- 
pirical formula,  0,11,^0^.  A  vomi^wund  of  iitareh  and  toad  oxldo  waa  found 
to  contain,  whun  dri.-.!  at  MtiO,  Cgllifif-Vl*!^*. '""  t',,lI^0,j.3PW). 

Starch  is  an  im[>ortant  arcioht  uf  fmKl,  eHjHH^ially  u  hm  onnociatMl,  as  in 
onlinary  moal,  with  alhuminouH  sulmtances.  Arrow-root,  and  tht*  fccula 
of  thu  Ginna  iik-cuim,  an*  vnry  jiuro  varivtit.<8,  em|ilMyu«l  lu  articles  of  diet ; 
arrowroot  is  obtaiuod  from  the  Maninta  aruMiimicDu^  oultivatod  in  the  Weat 
Indh^  ;  it  is  with  difllouUy  diatingni^hiHl  from  jiolato-BUrch. —  Ta/tioca  is 
prepared  from  thv  nwt  of  tiin  JtUntftht  Munihot,  bving  thorouf;hly  puritlwl 
from  its  poisonous  Juice. — Ctii^Moti  is  the  samo  8ut»tanco  uitMlilit'ii  while 
mnUt  by  heat. — Sfitjo  is  mado  from  ihu  soft  central  portion  of  thu  alem  of 
a  paitu  ;  and  :iaUp  from  thu  Uts^hy  root  of  the  UrchU  imuchIu. 

Starch  fbom  Ickl\»d  Moss.— The  lichen  calh^i  Crtntrm  Unndira,  puri- 
fied by  a  little  cold  solution  of  potxwh  from  a  bitlwr  principk',  ylilda,  when 
boil«d  in  water,  a  slimy  and  upoily  colorloss  liquid,  which  gelntinirca  on 
co«ding,  and  dries  up  to  a  yellowish  amorphous  masti,  which  does  ni<t  dii- 
solve  in  oold  waU^r,  but  imtrcly  soft.'ns  and  snclls.  A  solution  of  this  sub- 
stance in  warm  water  ia  not  alfuct^-d  by  Iodine.  aItbou);h  the  jrdly  is  tnrnrd 
blue.  It  is  precipiUted  by  alwhol,  lcn*l  aictale,  and  infusion  of  galla.  and 
is  convorled  inU>  glucoiw  by  Itoiling  with  diluto  Hulphnriu  acid.  Accord- 
ing to  Mulder,  it  contains  CjlljoOj.  Thti  jolly  from  n-rtain  ul^t,  as  that  of 
Ceylon,  and  the  so-ualled  CarmyAeen  uio$4,  etusely  resembles  the  abovo* 

lxrLi:(. — ^This  substance  which  difr«>ni  from  common  starrli  In  sonu*  lm» 
portanl  particular!*,  \»  fuund  in  the  ruot  of  Imda  /hlfm'ain,  HrlinnthuM  I 
rrw«»,  iJahtut,  and  several  other  plants  :  it  mav  In.-  cai^ilv  obtained  by  wi 
ing  th«  rasped  nwt  on  a  sieve,  and  allowiiiK  the  inuHn'to  scttlp  diwrti 
th«  liquid;  or  by  cutting  the  root  info  tliin  slict-s,  >>oiling  th^.  \^^  w 
HMd  hltenng  while  hot;  the  iimlin  H.^parntt^s  as  the  solution 
white.  amori>h.,uH,  tosteh^s  sniwtancc,  nearly  insnluMe  in  - 

freely  dissolvHl  hy  (he  aid  of  heat;  the  solution  is  prwipitaWii  u^ 

iiol  but  «ot  by  acetate  of  lead  or  infusion  ofpftlls.  Iodine  «Jof^  r.  i»rwj, 
inulin  has  th«  name  percentage  rximposition  as  cimim.in  rt«ndi.  SF^miir 
lag  with  dUnte  acids,  it  is  completely  oonverttnl  int..  lef  ttj»»r  ^p.fll)- 

Glycogen,  wC.FTi^Ob,  ^^  obtained!  by  BoroaH  fnm.   IW  U*^  ^ 
^Sf^vcral  aniui;ils  (calf  or  pig)  by  oxhauAtion  with  walMr«i»i)  tn^-U^mm^^^ 
^■Utb  boiling  aloohol.     The  preoipiUto  is  pnrificj  I7  telUt^  -^^^H 
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2>i)tjuth,  ro|H'Al<«IIy  <lUH(»lving  in  strnng  ftcittic  acid,  and   pnvipitatiDg 
almiliol.     Olycngoii  nltfo  eiiUTH  Inr^rfly  into  thv  ooiniMttfitioD  of  itutAl 
Umui*^   of  thn  I'inbrvo.     Tlit*   miiselcji  of  f«ftal   calve*  of  lUrne 
monthit  havo  l>ct-n  foun<l  tu  vifld  fix>m  20  to  r>0  pt.*r  cent,  of  it. 

(j|yu<»gi>ii  \s  a  whiU',  niuorpliou!!,  »turch-liku  sulfbUtixx*,  without 
ta»tf'.  yifliliiig  All  oputfMt^cnt  snliition  with  vrnt<<r,  but  iii>toltiti|it  in  Altohn 
it  rliiod  not  rmlUL'ti  an  nlkulinu  HolQiiou  of  cMippor.  Tbi?  sulustaiiri*  doM  a 
fermi'nl  with  ytmst,  but  is  i-^invvrtf'd  into  glue*©  by  IwjiUii^r  with  dila 
AuiiU,  or  b/  cDtitnot  with  diiwtiuu*,  }>aiicreatto  juice,  saliva,  or  blood. 


ipitAtiDg  1 
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quantity  of  itilutt^  Nulphnrir,  hy(Troohli>ric,  or,  imlmfl,  aluiu«t  any  *f-itl, 
■|H'L*«li]y  KHitfti  ItH  coDHisti'iif^r,  niid  boooiiifs  thin  and  limpid,  from  bavin 
suIfL'rod  convention  into  n  Holttbli^  gtitii-likf^  substancL*,  calle  1  •l<<xtriu.  a 
■coounl  nf  its  destrn-rotatory  ttL'tinn  on  tml/iriaod  light.  Tlio  expcriuti-i 
is  most  ronvouit-Mitly  luadu  with  sulphuric  aoid,  which  may  lie  afti'mrnnj 
withdrawn  by  aaCuralion  with  nhalk.  Tbu  liiiuid  filtered  fnuu  tbu  iivarj 
iimolublo  gyp-^um  may  then  bo  uvaporaled  to  dMin-ss  i»u  a  watc*r-batt 
The  rttiult  is  a  gum-like  mass,  dt.«titnt»nf  crystnlliiio  struidurc,  sidubl 
in  eolft  wat<T,  precipitablu  from  itB  solutiou  by  aleohulf  and  capablti  d 
Domliining  with  lead  oxid's 

When  the  boi1in>;wtlh  tho  dilotn  acid  is  continned  fur  a.  ootisider»b] 
timo,  tho  dextrin  first  fnnnod  undcrgo<>d  a  furthiT  chan^n,  and  heootuc 
c<jnv(?rtwl  into  d^'Xtro-j^Im-osi*,  which  can  Ik*  thns  artificially  produ^rod  wit 
the  gr*"at»_'8t  facility.  The  It-nglh  of  time  rwjiiir*Hl  for  thii^ohang-e  dupemj 
n[ion  the  qnantity  of  fte-M  prodont;  if  Uiu  lattor  be  vijry  small,  it  is  nec«4 
snry  to  continue  tliu  iKiiUng  niauy  sucue!(»ivo  hours,  ruplauing  the  WAtij 
which  evai>oratf».  With  a  largLT  proportion  of  a*iid,  the  oonveTnion  j 
much  moro  sperdy.  A  mixturo  of  15  parta  of  potato-starch ,  tiO  pari 
wat*'r,  and  ti  partH  Bulpluirio  ncid,  may  Iw  kept  Ixiiling  for  aUmt  four  liuun 
the  liquid  nmilraliztsl  witii  chalk,  liUdr-M,  and  rapidly  evaporated  to  j 
small  bulk.  By  digestion  with  animal  chnrooal  and  a  second  filtratlnn 
much  uf  tlio  color  will  l>o  rcmovinl,  ftft<-r  which  the  soliitiim  may  bt?  tM>ibi« 
down  to  a  thin  »yrup,  and  left  to  cryatallizij:  In  the  oourao  of  a  few  day 
it  solidifii>s  to  a  mnMs  of  glticosu. 

There  in  another  melhrnl  of  pri^panng  thifl  snbstance  frnm  starch  whlH 
deserves  particular  notice.  Qermln.it!ng  aeeds,  and  buds  in  the  aot  of  d<i 
Telopmeat,  are  found  to  contain  a  small  quantity  of  a  peculiar  azoUsvt 
Bubatance,  railed  diaRtnHe,  formed  at  thin  particular  period  from  thi 
gluten  of  vegetable  albuminous  matter.  This  aiil'^taucu  likewiso  uonveru 
starch  into  doxtrin  and  Klucoee,  and  at  a  temperature  mueh  below  ifa< 
iNiiling  point.  When  a  Utile  infuHinn  of  mnll,  or  germinated  barley,  it 
tepid  water,  is  mixed  with  n  targe  quantity  of  thick  gelatinous  starch,  and 
the  whole  kept  at  about  71^  I'.  (liiOO  K.),  eompleU>  liquefaction  lakes  pLac^ 
in  the  space  of  a  few  minutes,  from  Iho  production  of  dextrin  and  gluty^o, 
If  a  greater  degreu  of  heat  be  cmptoyc*!,  tliH  dtaata^fD  is  coagulated  and 
rendered  insoluble  and  inactive.  Very  little  is  known  respecting  diast-A9< 
Itself;  it  Boems  very  mueli  to  retiembly  vegetable  albumin,  but  h;uH  uuvul 
been  cibtaine«l  in  a  stjiln  of  purity. 

The  change  of  starch  ordi-xtrln  into  sugar,  whether  pm<luced  hy  thi 
action  nf  dilut«>  acids  or  by  diontase.  1nk<*s  place  quite  indcj^cndently  o| 
the  oxygen  of  the  air,  and  Is  nnaccompauio<i  by  any  9t»cond.ary  product, 
The  acid  takes  no  direct  part  in  the  reaction  ;  it  may,  if  not  volatile,  lie  all 
withdrawn  without  loss  after  tl»e  experiment.  The  whole  reaction  lies  Iw- 
tttivn  the  starch  and  the  elements  of  wat«'r,  a  fixation  of  the  latter  occur- 
ring' in  the  new  product,  as  will  be  seen  on  .'omnaring  Iho  oompogition  of 
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stArch  and  glaeoM.     Dextrin  itself  has  exactly  tho  name  oompoaition  as 
tli«  original  slnruli. 

It  was  funnrrly  supposed  that,  in  the  arlion  of  aciila  [or  of  diaslasv] 
upon  Blarch,  tho  tfiarcli  18  first  conrvrtotl  into  dextrin  hy  a  mere  nltrrntion 
of  physical  Htruutiirv,  ami  that  tho  dfxlrin  tben  takua  up  tln^  eU'difiit^^  of 
water,  and  is  c<rin\'frt4.il  into  glucose,  this  H<*citiid  Btag;**  nf  tli*i  proct'»»  oocti- 
pyiug  a  much  lonjtf^T  time  tliuii  the  Unit ;  bat  from  thu  (*xperini(mts  of 
XluiMJulus*  it  appears  that  wlicu  the  oonverwioD  is  utfcctvd  by  a  dilutv  acid, 
both  doxtrin  and  gliioosti  aro  prodni^Hl  at  iliu  vi^ry  uoinmmiH'ment  of  tliA 
rt'acliuii,  and  always  in  the  pn>purtiou  of  1  luoUniule  of  jrliiooiM.*  to  'Z  ninU*- 
ciiltm  i>r  di-xtriiL :  whoiictf  it  may  tte  iiifern'd  that  tliu  molecule  of  Htarch 
coutaius  ('i^IIj 
up  a  uioIccuIl'  of  watvr 
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and  that  the  dextrin,  after  sereral  lioans*  lioiling,  ia  compMely  oonrerled 
into  gluooso,  whiuh  ia  tboreforc*  the  sole  ultimate  product  of  the  reaction. 
AVhon  malt  extract  is  Utfed  as  the  oonvertiuj;  a};(Mtt  the  dtareh  is  first  re- 
aolvrd  into  dt>xtriu  and  iiuiltiMit)  (p.  ii'^*^),  in  rarinnn  ]iroportiona  aecfirding 
to  th«  tempcraliire  and  other  <-oiiditi<M)8  of  the  reactinn  ;  and  the  dextrin 
U  aftiTwunis  wry  gnuiually  oonvrrti'd  into  uialttJ!*<>.t 

Dextrin  is  uavd  in  thti  artB  ax  a  HiiltrttitiiU'  for  Rimi  ;  it  U  HometimM 
luade  ill  th«  mauiior  ttl>ovu  dfiierihod,  but  rooro  frt^quently  by  heating  dry 
IKitato-staroh  U)  4l»0O  c.  (75;p  K.),  hy  which  it  aeqiiiros  a  vfUowish  tint 
and  beoouies  soluble  in  cold  water.  It  is  suld  in  this  state  under  the  name 
of  BritiMk  G'uM. 

Oellnloae,  «rgH,(,0„,  probably  r,^H.aO^  ;  also  calhsl /.i«;mifi. — ^Thts 
Bnbutauei)  eon»titueH  the  fundamontAl  material  of  the  Btrneturu  of  plant.s  ; 
it  is  employtKl  in  the  nrganirjiti4)n  nf  ct-lU  and  vcflscdii  nf  all  kinils,  and 
forma  a  large  proportion  of  the  HolJd  parlA  of  every  vcf^ftabU*.  It  mu.tl 
not  be  oonfoandi^d  with  iiyufou*  or  tritndi/  tinsnf^  whieh  i»  in  reality  eelluloKo 
with  other  aulMtanceri  superaddi'd,  enerutiting  thi;  walln  of  tho  original 
inembrantH>u8  cttlU,  and  conferring  stilTness  and  inllexibiUly.  Pure  euUu- 
lo8e,  on  the  other  hand,  has  the  tiauie  piTeeiitiige  c-om|iO!fition  a»  atarch  ; 
but  woc*dy  tis.<ine,  fven  when  freed  aH  uuieh  as  pnsKiMo  finni  nihiring  uuitt*^ 
and  renin  by  r4>p<*atml  boiling  with  water  and  ah'oliol,  yitdds,  on  aualybts, 
a  rpsiilt  indicating  an  cxeffH  of  bydroj;«'n  aUn-y  that  Ffquired  to  lonii  watt>r 
with  the  oxygen,  b«'«id<*i*  traces  of  nitrogen. 

The  properties  of  eellulnso  may  Ik;  conveniently  studied  in  fine  linen 
and  eotton,  which  art-  almost  entirely  oomposed  of  it,  the  associatwl  Vfgo- 
table  principlea  having  bi'«n  ri?moved  or  dvatroyeil  by  the  varittly  of  treat- 
ntent  to  which  the  flhro  has  Ixvn  siibjeetwl.  Vun*  celliilnee  ia  tastfU^a,  in- 
aolnbb'  in  water  iind  alwdml,  and  ahuoUittdy  innutritions  :  it  is  not  Hensibly 
aireetwl  by  boiling;  water,  unlesB  it  happens  to  have  bwn  dfrive4l  fi-oui  a 
soft  or  imprrfeotly  di'velopinl  [Kirtion  of  the  plant,  in  which  ca»e  it  is  »li»- 
lut^*grul*-Ml  fliid  rendon-d  pulpy.  DiliitH  aciilit  and  alkalitrs  exert  but  littlo 
actiun  on  the  eellulode,  even  at  a  boiling  temperatur*? :  strong  oil  of  vitriol 
converts  it,  in  the  cold,  into  a  ur«arly  cnlorIe»n,  adhesive  Kuljsttanc*-,  whirh, 
diAflolvfa  in  water,  and  prenenta  the  characters  of  dextrin.  This  truna- 
fonuati'Mi  may  hv  oonvuniuntly  oflwted  by  v«*ry  slowly  addiuf;  concen- 
trated sulphuric  acid  to  half  its  weight  of  lint,  or  linen  cut  into  rimall 
shreds,  taking  oaro  to  arold  any  rise  of  temperature,  which   would   be 
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^%UwtU(%l  with  oharrin>;  nr  blackening.     The  mixing  is  ocmipleU«l  hr  Irit 
V«UKMt  111  A  mortar,  nml  Ihe  whole  lift  to  stniid  a  fun  hours ;  afu-r  whU 
U  U  rublMxl    up  with    wnti-r,  wiirmol,  and   liUvTi-d   from  a  little    iiiso[uL>h 
V«AMttr.     TIio  solution  uia/  tlim  hv  noulrnlind  with  chalk,  and  a^Aiu 

'V-uhI.  Thif  gunniiy  liquid  rrtAins  lime,  partly  in  tht<  statv  of  sujphnt 
ftnd  |kartl,v  in  roinbinutiuQ  wltli  hulpholigtiiu  ai-id,  an  acid  uuuipos**)!  u{  tl 
4d(>iuiMit0  uf  sulphuric  acid  in  uniun  with  thc>Btt  ofio^lluluifti.  If  tho  Itqi 
tirovioun  to  th«  nKiilralization,  be  l*uJlu<l  during  throe  or  four  Lour 
lUo  wtit4tr  roplactKl  an  it  ovaporateti,  tlit*  dt^xtrin  bocomes  entirulv  chang* 
|itt(t  KlucoHi4.  Liuon  rugs  may,  by  thi'at?  meanit,  bo  tuuie  to  furuiah  mo 
Uiau  thmr  own  woight  of  thiit  substance. 

If  a  piooo  uf  uiuizi'iL  pnpor  bi^  dippml  for  a  few  seconds  into  a  mixtui 
itf  U  vidumi^  of  udiu-MDtratod  Hulphuriu  acid  and   1  volume   of  water, 
Ihon  thorou^'hly  wiMhod  with   wntrr  and  dilute  amumniAf  a  sulnitnnco 
(dilniihid   which  rcsemUt^H   parchment,  and  has  the  »ami»  cumpueiititia 
ivUuloHo;    it  oevura    in    couimurce   iiud«r  the   niuuc  of  parchutjiit    paj 
(papyrjn),     An  excullt^iit  appllraliou  uf  thiti  tiuUslauoti  iu  dilTodioii  exi>ei 
UioniK  \n  (iiiintioncd  on  p.  144. 

t'clliihMn  dirtHolvi'fl  in  an  iimmoniacal  snlutinn  of  cupric  oxide  (prepai 
by  dinmdving  hiiHic.  cupriu  carUimiUt  iu  tili'ong  ammooia),  from  wliivh  it 


^-procipiiAifldliy  acids  in  colurlof^M  llak»j(i 


I 


i^dluloeu  ja  not  colored  by  iodiuo. 

XruuutM  and  Ptbotvux. — Wht«n  tho  starch  is  mixed  with  nitric  acid 
of  tpt'ciflc  gravity  1.5,  it  is  converted,  withoiil  di»cngag«mont  nf  gas,  inlij 
A  IrauMpari'iit,  colorhws  jolly,  whi*b,  when  put  into  watoTf  yitddi-  a  whi 
ounly,  inaolublt)  aultstarnxj :    this  is  xiflohtin.     When  dry,  it  is  white  a 
tanlelona,  inHnhibltf  uvou  in   boiling  wator,  but  freely  dissolved   by  dilu 
nitric  acid,  and  the  solution  yields  nxalic  acid  when  boihfd.     Other  su 
Htnuf)^  bi/lon;?ing  to  the  same  class  aUo  yicM  xyh'ldin  ;  pa[>cr  dip|H<d  into 
|hi'  Htronj;i_'rtt  nitric  aL-id,  quickly  plunged  into  water,  and  afferwiiLia  dnVd 
|H*4*<uneH  in  groat  part  so  uhiingi*<l :  it  assumes  tht3  appoaranco  of  parcU< 
|lii*nt,  aud  Ihuhmucs  highly  cniul)rtslil»Ie. 

If  piirii  finely  tlivided  eelluhwe,  such  as  ootton-wool,  Iw  steeped  for  a  fe 
InlDiil*^)*  l"to  a  mixture  of  nitrio  ai?id  of  sp.  gr.  1.5  and  concentrated  nil 
iltiirlo  aiild,  then  nqneezed,  thoroughly  washeil,  and  ilried  liy  very  genii 
linnl,  it  will  U'  found  to  Iiavo  increased  in  weight  alKiut  70  per  cent.,  an'I 
tit  havi*  Imeorne  highly  explosive,  taking  fire  at  a  temperature  iiut  much 
ItlwivM  MI'O  <'.  {'M)<\0  F.),  and  burning  without  smoke  or  residue.  Thia  i« 
ityiHry'oit  tile  ffun-rntlon  of  8chGnl>ein. 

X.vloi'ilti  '*»d  pyroxylin  are  substitution-products  consisting  of  starcl 
and  ei'lluUrtc  in  which  the  hydrogi-n  is  more  or  less  replaced  by  nitryl 
H\\.  X  vloKdln  consists  of  C4Hp(N0j)0,,  or  C,^H„(N<>j),0,5.  Of  pyroxyli 
Hhvi^ral  varietli'*  are  known,  distinguished  by  their  different  degrees  ol 
fiMhllliy  and  solubility  in  alerthol,  ether,  nnd  other  liqui'ls.  Awarding 
tUdow,*  the  three  princjpnl  varieties  are: — 

*-— ''i«**«»(^'**)»"r.'  '"'  f'JI,rN0,),04,  insoluble  in  a  mixtnro  of  eth 
aud    rtlifdml,  lint   Mnluhle    in  ethylio  acetate.      It  is  pnxiufN'd  by  repftat 
luinu'rilou  of  iiitt"uw»wd  In  a  mixture  of  2  molecules  of  nitrio  acid,  HNO, 
U  luoleeuliui  of  nil  of   vitriol,  H^(\,  and  3  innli>cnles  of  water. 

f..»l'    ll,,(NO,),<),,^,  Hnluhle  in  ether-alooh<d,  insoluble  in  glacial  arttfo 

Iaidd.     rrodui'tid  when    Iho  acid  mixture  contains   half  a  muleeule  mort 
walttr  than  In  «. 
y,— a;,^Uj,(N0,),O,5  (Oladstonc'a  co/;«i-xy/orrfin),  soluble  In  other  and  i: 


I 

to 
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glaofal  acetio  acid.  Produo^d  vr bun  Uib  acid  toixtara  contains  one  motecalo 
aiun-  water  than  in  «. 

Tilt!  Urst  t)f  lli^ti,  which  oonaist  of  trimUroccHalose,  is  the  moat  vxplosivo 
of  Lh»  thret*,  &ml  tliL*  If&Ht  liabU*  to  BponttLitt'ous  ilfcompoAitimi.  It  is  tlie 
only  out)  iL<lupt«^  for  mav  h»  un  tfxplanivo  agem,  and  is*  L*n(tt*cially  ditiiiu- 
giiisliiMl  n«  "giiii-uotlon."  From  the  t'xiHTiiitfnls  of  <M*ii«*ral  vnn  Lvnk,  of 
tli«^  Austrian  sorviec,  it  appcam  thut,  to  insure  tht;  uniform  production  of 
thin  particular  eumpoand,  the  fiillowin^  precautiuun  ar«  nt.<v»8a4Lry  ; — 

1.  Thu  uluantiing  and  perfect  thwiccation  of  the  cotton  preTioutily  to  it4 
immrrsinn  in  i\\i*  mixed  aoidi>.  2.  The  employment  of  the  atrongent  acids 
prtiiMtratde  in  ooramtfrc-c.  3.  The  steeping  of  thu  cotton  in  n  frt'sh  Ntroiig 
mixture  of  aei'ls  after  the  first  inimrrsion  and  partial  (x>nvrr»inn  into  >;tin- 
cottun.  4.  Tlie  <)untinuauc«*  uf  thu  steeping  fur  forty -«it;ht  hours.  G.  Tliti 
thoroujeh  purilloatloii  of  tlie  gun-cotton  thu«  prriilueeil  from  evrry  traci<  of 
free  acid,  hy  washing  the  proiluct  in  a  stream  of  water  for  sereral  weeks ; 
■nbsuquuuttj  a  weak  solution  of  pota»h  may  be  aa«d,  but  this  in  not 
flMfjiitial. 

The  solution  of  the  less  highly  nitrated  oompnunda  in  alcohnl  and  Hher 
is  e&Iled  collodion.  This  solution,  when  left  to  evaporate,  dries  up 
quickly  to  a  thin,  transparent,  a<lhe:)ivo  membrane:  it  is  employeil  with 
great  adranta^o  in  surgery  as  an  air-tight  i.<4iveriug  for  wounds  and  burns. 
It  ia  also  largely  used  in  photography  (p.  £fO). 

Tnnlcin,  l^»n„Oj,  Is  a  ftubslnncft  closely  resembling  regetable  cellulose, 
and  perhaps  idoutical  therewith,  occurring  in  the  mantle  of  Aik:idiaiia 
(/.  jfR/Aici,  Jhllusia^  etc.).  from  which  It  uiuy  he  separated  by  boiling  the 
niantlcA,  first  with  hydroi'hloric  and  thm  with  strong  jMitiu»h*snlution,  and 
wudhing  with  water.  Wlien  treated  with  strong  sulphurip  acid,  it  deli- 
qut.'!ici*s  to  a  colorless  liquid,  which,  after  Lwiliug  with  water,  is  found  to 
coutjiin  a  glucose. 

Onm. —  (tiim-arabic,  which  Is  the  produce  of  several  species  of  ar-aeia 
growing  in  Kgypt  and  Arabia,  may  be  talceu  as  the  tyjte  of  this  c\;\»a  of 
iKKliifti.  When  pure,  it  furius  wliiteor  slightly  yellowish  irregular  masses, 
which  are  dt^titutii  of  crystalline  structure,  and  break  with  a  amu«>th  am- 
etio'idal  fracture.  It  is  soluble  in  cold  water,  forming  a  viscid,  adhesive, 
InsleUwH  Solution.  It  cuuMtHtit  of  the  potassium  hikI  ealeium  sntts  of  ara- 
bin  or  .irablo  acid,  which  may  Im^  precipitated  from  the  aqueous  solu- 
tion by  addition  of  hydrochlurie  aeid  and  alcohol,  as  a  white  auorphous 
m:tss.  Arabin,  whendrieil  at  lOtOC,  has  thecomi«wition  CjH,y()j-f  411^0, 
nr  2r,Hi(,*)j-t-  iljO,  and  is  therefore  isomeric  with  caue-sugar;  at  loip  C. 
(:)020  F.),  it  gives  off  all  its  water,  leaving  a  residue  having  the  compo- 
»i*Jon  l'»li|o*V 

fium-arabic  contains  70.4  per  cent,  arabin  and  17.6  water,  the  renudnin^ 
12  per  cent,  coiisiiiling  uf  metallic  salts,  silii^,  iron  oxide,  «?tti.  Its  aqueous 
solution  turns  the  plane  of  [Ktlarizotion  to  the  left,  and  givi>s  piei*ipitAt4^« 
with  basic  lend  acetate,  copper  salts,  etc.  Arabin  is  oxidized  by  nitrio 
aeid  to  mucic  and  saocharic  acids.  Heated  with  dilute  sulphuriu  acid,  it 
is  <?onTertt?d  into  a  non-fermentable  ginoose  callol  arabinose,  which 
crystallizes  In  rhombic  needles,  and  exhibits  strong  dextro-mtation. 

Gum  SMiei^il,  oblaine<l  from  a  speiiies  of  aencin  growing  iu  Senegal,  is  very 
much  like  gum-arabic,  but  usually  oc-curs  in  larger  lumps.  It  contains 
81.1  i»er  cent,  arabin,  l.tJ  water,  and  2  or  3  iH*r  i*eiit.  of  saline  matters. 
It  fiirniH  a  soTti'^what  strftni:«T  mncilnge  than  giitn-nrubir-,  ami  ih  tiiiich  nsed 
in  rali'-n  printing  for  thirkening  (viora  and  mort).-int4. 

itcitatft,  abundant  in  liuse^Hl,  in  the  roots  of  the  mallow,  in  Wf*p,  the 
hy  root  of  OrchU  iHoxiit^L,  and  in  other  plants,  diflftt%  \\k  vniwi  \«&,yeftAik 
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ami  U»  MvtA  «C  Panl^  it  tkitMjr  amtpnmed  of  a  kt 
Bj  il4av  Mt  diMsHv  ia  «mt«r,  bat  iDvrvlr 

IIIMlliWiliil  by  irinik  alluUi.'  £« 
■  af  Uwflhnjtive;  1i  r«AemN 
<gtfcaw  raimm  — iBtMaii  Bfrns  ^DMlr  witk  tlut 
viUao^jrWdi^atnM.  


vUA  ly  fc«<Wiiff»d  trvm  hr.lmi^rhrn<  i.v  tab* 
■ttrtiaa  of  ik*  uuTslaai  ndkltt  MiUMa,  HHf,  Cor  ,  am- 

mj  ml  hjihv^nm,  m  tnm  Iha  ajtifcib  hf  ■larflir  «u  li^br 

OH  :  Um7  *r«  c^lcd  m«aRmlB«s,  diamines,  triAtoiuf »  ,  t^uv.  jk>^J 

frovp*  Ihas  fiiUod»ord  ;  Ibos  frua^ 
M«  4attr«d  Um  InDiMriqg 


C8, 
CH, 


r 

Ethftoe. 


AM«drtAaa«ar 
£U)UalM. 

CH-5H. 
I 

Diimidrth^oe  or 


r 

CH,(OU> 

Elbyl  KteobaU 

rn,.OH 

£liirac-«Ieohot. 


Th«  ftminf^  are  buie  compoands,  r«pkbl«  of  uniting  with  athIs  a^d 
Ibrmtn^  saIu  which  bear  a  cl(»«  nMcWblance  to  the  salteof  ainni«iiU :  tho 
aniiTHA  th'^uiMlrcB  in  th«  free  state  are  abo  rery  araeb  like  flmuioniA.  be- 
ing votatilfl  bodieft  having  a  more  or  1ms  aininoniac«l  odor  nnd  alk&line 
mactinn.  Ttt!7  mar,  id  fact,  be  rf^arded  as  deriratires  of  aiiinronia,  fnrmed 
hy  snlrttitiitjrm  of  alcohol  radicles,  Tiniralcot  or  multivalent,  for  an  4-qutr»> 
lent  (|usntitx  of  hjrdrogt-n,  in  a  Bingle,  doable,  or  triple  molecule  of  am- 
Jiwuia,  >'U„  N,H„  >-,II„  etc 


CH, 


CH 


BthylamJoe, 


BllMiia-diamlnp, 


DlotbAne-trtamlne. 


Tlni*t'  Imwci*  nrr  <iiTiv«**I  fmux  a  mIii^Ih  itii>1<*rii1tt  of  ainuipi 
iltiM  mnloniili'  irmv  i^'ivo  iipotii',  Iwo,  nr  hI|  three  of  its  hy>l 
vauhangu  for  uulvalont  aloohul-radicU 


ai,.NH, 

rji/NH,), 


AMINK8. 
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ez&mple.-^produring  prfmarT-iBecondsry.  and  tertiary  amliiPtt. 
If  A,  B,  C  dcnolti  three  nuch  ftloohol-ni<tiolt'«,  tlir  ainint*!t  fortufvl  hy  ftiib- 
stiliiting  tht*m  for  b^drogeu  in  amniouia  will  \m  rL*]>rt*arutM  Uy  iUv  guiio- 
ral  fonuuls : 

N  ^  n  N  ^  B 


(A  (A  (> 

N  in  N  ^  B  N  ?  I 


Primary 


Becomlsry 


TertlMry. 


In  Ui«  MOOTKltuy  and  tertiary  ainintM  the  alcohol-radLcl««  dvnolod  by  A| 
B,  C  may  be  either  the  aamc  or  dilforont ;  for  oxauiplo : 


SrcomUry. 


Trrtinry. 


n:\\,  jrtr,  jcii,  jni, 

nethvl-  Mcthvl-  Trlaicthifl-  Mu.ptUl. 


Ulmetliyl- 
•nloe. 


Methyl 
eltiylamlu*. 


TrlaicJthyl- 
•aiU«. 


vlliylnmlnv. 


The  salts  of  tbene  aminen  arp  analogmifl  in  oointinMitiun  to  thr  Auini'mhiin* 
inltP,  and,  Iik«  the  latter,  may  hvt  regarded  fithi'f  as  rtrtnpfiiindii  of  nrimin- 
nia-inoWiilea  with  adds,  or  of  aiiitnu]iiiiiii-itiuli-i*til'j»  with  hxlog«'ii  vlmitMita 
and  acid  rndicles  analogona  Ihoreto  (»ee  p.  4ft0)  ;  IIhim  : 

Ainmunitini  chloridr. 


Ml, 

AmmonlA, 


Mi,((:,H,) 

KihyUmlne. 
UiolhyUutne. 

wa^iu).    4- 

TrlrthyUmlne. 

2N«',IU    + 

IrleihyUmtne. 


UCl    =  NH4.CI, 

HCl    =  NH,(C.«j).Cl, 

UCl     =  NH(C,H»),.CI, 


Etbylommoniuiu  ehloride. 
DiethylaminoiUuiQ  cliliirfd«, 
Triethylammoniuin  «blorUl«. 


H^O,  =  [Nn(C,U4)J,S0„  Triutbylammouium  nulphale. 


All  thcst*  ttiiltK  when  linftt4>d  with  potash,  givo  off  the  amine,  just  at  am* 
miMiia-eattM  give  olT  ammuiiia. 

Tht'  tertiary  amiiien  can  unite  with  the  chlnridefl.  vto..  of  almhoUradiulM* 
in  tlie  satuu  niann<_*r  ft8  with  nddit :  thub  triiMliylainiiie,  NCC,!!^)!.  uiiit4«i 
diructly  with  »*lhyl  itidide,  ('^Hsit  foruiinfj;  a  uuiiipnnnd  whfcli  may  U*  fc- 
^ardtfiL  «*itht^r  an  IrtrjUijlamint^  etftintliiif,  N(Cjll,),.r,ll.l,  or  ft.<4  tftrcthifiamumi- 
Hvim  iodit/t,  y(^'|U;^)^l.  Now  this  ii)dido,  whm  lu<atod  with  putaah.  <U^ 
nitt  give  ufT  aninioiiin  or  a  Vfilntilif  nininoiiiu<baH(*  ;  init  wh«fn  li*i|i(«il  viti> 
Hilver  oxide  and  water,  it  is  ronvertcil,  by  I'xrbanjr*'  of  iodim'fitr  h^**m*^ 
into  a  strung^ly  alkaline  boHe,  calltKl  Utrfthylammimtmn  hifitmrvU,  «»ku*i.  au» 
Iw  obtalnt.«l  in  tin*  mtlid  Htatt*.  and  exhibitH  rt'iu-tionH  chwidy  af^iiym  ^ 
those  of  thu  fixed  cauetio  alkalies.  Its  formation  Is  r^f»mimA^  ^  ^^ 
equation : 

N(C,na),I     +     AgOH     «     Agl     +     N(CAl4f«L 

UoreoTer,  this  base  can  exchange  its  hydroxyl  for 
other  acid  radleleit,  Just  like  potat^h  oraoda,  formi«|p 

salts  like  thi*  iiHiide  nlxive  nHrntiimwl.     These  00m. 
etjuivAlenLt  of  ak-ohol-riL(liil<>,  are,  in   fnrt,  anal 
ammonium-saltB,  exeeptin>;  that  the  Lvirre?  pond  lug 
of  Hxi.Htini^  iu  the  nolid  Htate,  wluTifan  Hniinoni 
spltta   up,   as   soon   as   formerly  into  ammonia 
>'(C,I1J„  eto.,  corresponding  with  ammoDlum.  an 
tate. 
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TIm  BOOfttniii*^  coDtaininj;  mor«  than  one  c*rbon-atotn  are  flDflcc| 
'^  iiomeric  mnilificatiuim  aiuular  to  tboee  of  th*s  alcohoU,  aud  <U'|N7ii(liu| 
on  tb«  nnmber  of  alcohol-radicles  in  the  molecule:  thns  ethrlamibe, 
CH,(rH-Hj),  is  iaouu'ric  with  dimeth/lamino,  MI(CHj),  ;  propjlominc, 
JiIl,(r,H,)T  ifl  isomt^ric  with  uioth,vl-«rtbvlauiinr,  NH(riI,)(CH5),  atul 
with  triinothjlamine^  NCCU,)^  etc.  etc.,  tlie  number  of  possible  modifica- 
fioiis  of  ouurve  iiicrfOAiiig  witli  thi«  ounpU'xitjr  uf  the  moleculus.  Uor&< 
orer,  a  moiiamino,  uitlii*r  primary,  aeooDd&ry,  or  l**niarT,  tnajr  admit  of 
inndifloation  in  the  alcvhvl*radicle  its**tf;  thus  the  primary  ii>oiiaaiiPff, 
Kil^CCjU]},  may  exhibit  the  two  following  modifications  : — 

4CH-CH,cH,  tcnccu,). 

Propylamine.  IftopropyUmtne. 

General  Modes  of  Formation. — 1.  By  heating  the  iodides  or  bromides 
the  alc»jho!-radioU'8  to  KH.H-  in  waled  tuU>!i  with  alcohuliu  ammonia.     Tht] 
hydn>(^fn  of  the  anwiionia  is  thi*n  n-placi-ii  by  the  aliMlKil-railicle,  fonnini 
a  mixture  of  primary,  seooDdary,  and  ti^tiary  amines,  which  unite  wii 
the  halogen-acid,  producvd  at   the  samv  time,  to  form  anmjoniam   mUi 
thiu : — 


MI, 


Nn, 


+       r,H  1 

Ethyl  icMUiSe. 


XAIA 


EthTl^mnionlum 
JudMe. 

NH((V1,),.HI 
Dlrthrlnniinonluin 
loilide. 

NU,        +      3C,HjI        =        N<r,H,),.Hl 

TrlcthylnmaioDlum 
iodide. 


HI 


2m 


Prom  tho  mixture  oT  ammonitim  salts  thuB  obtained,  the  throe  uninet, 
beinfc  volntiltj,  may  bv  at  onoc  separated  by  distillation  with  aqaeoaa 
atih  or  sixln  : — 


NU,(c,nj).in 

NU(C,H0,.I1I 
ir(C,H,),.TIl 


Kon  « 

Kon   = 
Kon   = 


ElhyUmlne. 

NI1(C,FT,), 

Dlrthyt^mloe. 

•Trietnylnmioe. 


while  the  tetrethrlammnniiim  iodiflt*  rf>inainft  nnnlttTtnl,  but  may  be  oon- 
v<'rt»*d  into  thi'  corrfjtpnnflinjt;  hyilroxi<li>,  N(r,Hj)/)H,  by  the  action  of 
moist  flilrer  oxide  in  tin*  manner  ntrrarly  explaind. 

T)ie  primary,  m  wmdary,  and  tertiary  amines  cannot  be  8eparat«d  by 
fractional  distillation,  hut  their  separation  may  be  ofTfctM  by  the  follow- 
ini;  prop)*8,  devined  by  Dr.  Hofmann.  The  mixture  is  treated  with  di- 
rlliyiio  axalat**  (nxalir  ether),  whereby  the  primary  amine  is  converted 
into  tlielhvloxami<l»'  («en  .Amuses),  which  is  easily  RnliiMc  in  water,  while 
dU'thvlamine  ia  conv»'rt*fi  into  the  ethyllc  ftlier  of  dielhylnxami^j 
.which   is   insnUible    iu  water,  and   the   triethylaroine  remains    un< 


+    r,o.(r)r,n,),    = 

PlfthyheonntAto. 
•4-   CA(OCA).     = 


r  n,(Nn.r,n,),    +    2r,HtO] 

Dk'lh>li>iimlile.  AlcohoL.. 

»/^<s,OC,lL 

Ethylle  diethyl- 

oxanale. 


RGACTIONB    OF    AMINES. 


On  distilling  the  product  of  this  rraollon,  the  oiiAlterml  triothxl- 
■  nitn«  pft*^i?8  ovtT.  From  thu  r«»itlu»«,  wator  extracts  the  dielhjrlox- 
amide,  which  is  rttaolved  by  boiling  with  poloah  into  oxalic  acid'  aud 
ethjrlaiuiue  : — 

CACNH.CJTj),    +    2K0H    =    CAK,    +     2NH,(C.H,), 

and  the  diwthyloxamic  ether,  which  ia  not  dinsnlvM  by  the  water,  yields 
by  distillation  with  putaah,  d  i«t  hy  I  aminy  ; —  ' 

^"*^'<^clll^^'  +   2K0H  -  C.O.K,  +  C,H.(On)   +   NH(C.n,),  . 

The  primary  aminM  may  also  bo  obtained  l)y  the  following  processes : 

2.  By  thu  action  of  uoacviil  hydrogun  on  the  nitroparaffius : — 


I 


KitrooMthaue. 


3U. 


'ZliJJ 


+     CH„.NH, 

AmtdomctliKne, 
or  Mathylnmiae. 


3.  By  tbo  action  of  nascent  hydJ'ogen  on  the  nitrils  (oxoparafins,  p. 

irCN  4-        211,        =        rH,.NIT, 
FonnoDitrll.  MrthylftmiDC. 

CH,.CN  4-         211,         =        CH,.rH,.MT, 
Aeetonltrll.  EthyUiilDe. 

4.  By  distilling  an  iiiot-yanlc  or  isoeyanuric  ether  with  potash-lye  >- 

CO-N-C'II,     4-     2K0U     =     CO3K.     4-     {j>N-CII, 
Methyl  iKMyaaate.  MethyUiDine. 

Thla  reaction,  which  is  exactly  analoprnia  to  the  formation  of  anirannla 
fruiii  oyanio  acid,  (CO— NH  4-  2K<)U  =  COjK,  4-  Nil,),  is  that  by  which 
the  priinttry  amines  wore  lirbt  obtained  by  Wurtz. 

Amines  ftro  also  produced  by  H^Hcial  reactions,  as  by  the  deoomposition 
of  wore  ouiuplex  nitrugon-coiupouDds  and  of  ainido-acids. 

Properties  and  P taction ».-^r\\ a  amines,  as  already  ubserred,  licar  a  strong 
resi^rnblanor;  to  ammonia.  The  lower  iiiKml)ers  of  Die  groap  are  gafi(>s, 
eojilly  Bolablv  In  water,  and  haviii}^  a  strong  ainiuoniacal  odor:  tliey  are 
distinguished  from  ammonia  by  their  ready  combustibility.  The  higher 
members  are  liquiilti,  niore  or  less  oily.  Amines  exp<>l  aiiiinonia  from  its 
salts  when  heate<l  with  them,  and  in  like  manner  the  monamines  are  re- 
placed by  the  diamin<?8,  and  tlieae  by  the  trismines :  bene*)  it  mi^ltt  be 
inferrfld  that  the  )>asic  power  of  an  amine  im-rcajics  with  the  number  of 
aloohol-radirles  wliicli  it  containn;  but  in  thiH,  art  in  ninny  tiimilar  ca8i», 
tlie  expiilsi<in  of  one  base  or  acid  by  another  is  a  question  of  rulutivo  vola- 
tility as  well  as  of  strength  of  combination. 

Amiiieit  form  double  salts  with  ftJuiimc  fhloridf,  auric  rhforule^  and  other 
metallic  halolid  salts,  exactly  sluiilur  to  those  of  ammonia,  e.  g, : 

Ktbylanininninm  Aurochlnride         .         ,         ,     NH,(C,!l4)n.AiiClj 
Tetramethyiammonium  Platinochloride  .         .     2N(C,U^)4CI.PtC[A. 

Tliey  can  also  replace  ammonia  in  the  alums,  and  in  tliR  salts  of  platin- 
ammonium,  cuprammoniuro,  etc.     Examples  of  snoh  compounds  are: 

Ethylammonium  alum         ....     (S0,),Al(NH,,C,n5)  + 1211,0 

latosethylammnninm  chloride  . 


^^Jal 


p^NH,(<\l!,)ri 
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Idi ammonium  oliloiidt) 


Primftry  ftniinc«  troatod  with   niVrotu  onW  (ar  tlit'ir  hftloj'l   sulU  iritk] 
{wtoatiiuiu  uitrilf)  Are  convened  into  tk«corn'Hi>ondi&g  alcohol*  ;  Uiusi 

C,U4.NHt     4-     NO,H     —     N,     +     H,0     +     C^H^.OH. 

This  rcaotiou — analomoua  U>  Iho  resolution  of  ammonium    nitriu*  int^l 
ammonlA  and  wattM-  (XII,  4"  ^^V^  ■»  ^i  +  :iH,U)— alTordH,  as  ulrtvulj  i.b- 
■erv«iL  (p.  671*).  the  uieniiB  wf  passing  from  one  alwbol  of  a  Bcriu*  to  th« 
lit-xt  higlitwt:  Ihna  tufthyl  alctdiol  yirlds  methyl  cyanide  or  fonuuniuil, 
r,n,N  ;    thii*  may   Iw  wmverled   by   naiicvnt  hydrogen  into  utLylomiut 
C^lljN  ;  and  thin  Imao,  aa  abovu,  into  <?tliyl  aloilml. 

accoudary  amiuwi  are  oouvcrted  by  nilroiw  acid  into  uitroKo-cx>mpoi 


Dlmetbylftintoo. 


H,0      + 


dlmethylnmlDe. 
imd  tertiary  amiuc*  are  but  slightly  attack^  by  nitrous  acid. 


I 


HITHTL    BASRa. 

Methylamtne    or    Amldomethane,    CII^Ns  H,C — 'SVl^ ^ 

K  i    ..•.    .      This  b/uu  may  ha  furmc'd  by  uither  of  the  general  ro&ctiona 

abovo  given,  aUn  by  the  decomiKwitton  of  (vrtain  natural  alknloTds,  aa 
morphine,  narwtlnts  and  thoint»;  but  it  is  best  prepared  by  heatin*;  me- 
thyl iHovyntintu  with  putaHh  in  a  rc-turt  attach^  to  a  receiver  cooIlmI  by  a 
friMuing  ntlxttin*.  The  diritiltnU).  which  is  an  aqucons  solution  of  melhyl- 
amims  is  (tuturnted  with  hyilrochlorio  add,  and  nvaptirati'd  Ut  dryno53, 
whuntby  a  rrystallinL*  ri'sidni:  is  ohtainpil  nonsisting  of  niHhylammnniuru 
chloride ;  and  this  when  difitilh'd  with  dry  time  yiultb  mL-thylnmine  in  UiQ 
form  of  a  g}i^,  which  must  bu  colht'ted  over  rnvrcnry. 

Mfthylauiimt  in  a  eolorlcAn  gad,  having  an  amnioniacnl  and  slightly  fiahjr 
oilor.  a  Hpt'cific  gravity  of  1.08,  and  condensing  to  a  Uquid  at — ih'^'C, 
(0.40  F.)«  It  is  thi*  most  8olnbh*  of  all  pasos,  one  volume  of  water  at  VJP 
V,  (r>3.6^  K.)  absorbing  10'l(*vohunes  nf  ih*' gius  :  it  is  likewi»e  very  readily 
abijorbvd  by  charcoal.  It  is  distingnitihml  from  ammonia  by  itit  odor,  and 
by  the  facility  with  whioh  It  barns.  In  it.<i  de[>ortmont  with  acids  and 
other  ftubalanceH,  howuvor,  It  buars  the  clogeat  resemblancu  to  ammonia. 
lis  nf|ueou8  ttoliition  alno  prjsstwsotf  all  the  propi:>rttes  of  aqui*oiis  niumonia, 
excepting  that  it  doirfl  not  diflsolvtt  the  oxitUt*  of  niokM,  cobalt,  or  cn'tmium. 
/M/i/i(f  atlded  to  the  aqnmms  solution,  throws  down  a  dark-red  preclpliate 
of  di-iudomethylamiiie,  wbilumethylammoninni  icMliiitji  remains  in  Mnlulion  : 

3(CH,.NIIj)     +     21,    —    CHg.NIj    -f     2(tlla.NH,.ni). 

Bromine  actn  in  a  similar  manner.  The  gas  passed  over  heated  potaasfum 
!a  ruaolved  into  cyanogen  and  b^'drogen  : 

CHa-NH,    4-     K     =     CNK     +     5U. 

Tlie  sAlta  of  methylamino  arc  eoitily  soluble  in  wat^r.  Tlift  Av^frocAbni/e, 
CHsN.IK'l,  crystnUixea  in  large  "Ifliquesomt  1.-iniinn<,  whi«h  mrlt  at  UHIO 
C,  and  distil  without  decom|;>oiittiou.     With  platinum  chloride  it  fonua  a^ 
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jellow  cryslalline  preci pitAte  of  lb©  piatinnchlorulet  2(CIIjN.nCl>.IHCI^,  and 
with  auric  ehloriilL*  \\u'  ilnublv  shU,  CH^N.IKU.AqCI,,  which  cr^rst&lliaes 
iu  ne«<ll»f8.  Mt.*th.ylauiini.<  aUo  foriiiH  platinuui-l>a«t.ii  oualoguuti  to  the 
aiumuiiii>'{>latiuum  ojiiipouQiiti  C]>*  441!;. 

DimethylamLne,  C,n,N  ^  Nn(Cn,)„  isoroerio  with  ethrlamine,  is 
foriutnl  hy  liuatiiij;  ammoriiA  with  mt'thyl  iodide,  Aud  avparat^d  from  iiimul- 
tniit>t>uiily  furtutHl  tui'ttiylauiino  and  trimcthylaaiiuu  hy  nieaiiit  of  oxalJo 
etlti^r  (p.  (i38).  It  i»  n  gas  which  disdolvro  t!aaily  in  water,  ami  coniieiisi*s 
to  a  liquid  bolow  -f- S°  *-*•  (-W.-iO  F.)-  Its  plalluocUloride  cryBtalliius  in 
large  ueLillw*. 

Trim e thy lamine,  CjII^X  =  NCCFTj),,  isomeric  with  propylamine  and 
mtdlivl-t^tiiylauiinc,  ti}  ot>laiatHl  in  perfect  purit/  by  the  aotiou  of  heat  on 
tetramcthyl-ammonium  hydroxide,  which  is  theruby  oomplelely  reaolvtid 
into  tjrimvlhylamine  and  methyl  alcohol : 

N(CHj)4CiH  =  NCCHj),  +  CHj(OH). 

It  is  also  pnxlaced  by  dititilliug  cWeinv  and  narcotin<?  with  potash,  and  Is 
contained  in  large  quantity  in  herring-jiickle.  the  peculiar  wlor  of  which 
is  duti  to  its  presence.  It  is  a  liquid  easily  suluhlu  in  wnter,  an<l  Ixjiling 
at  9.^"^  C.  (49.tP  V,),  lis  salts  are  soluble  ;  the  hydrochluridu  yvty  deli- 
queaoent. 

Tetrametbyl-ammoniam  oompounda.— The  tWiV/f,  NfCHj),!^  may 
b<' olitAinril  by  aililing  mrthyl  iiMlidti  to  triniethylamine.  The  two  snl>- 
8tan<*4_>s  anitfl  with  a  m»rt  of  exphwitm.  It  \»  mure  easily  prejiartMl,  how- 
ever, by  digesting'  methyl  iodide  with  an  akrobolic  tiolntiun  of  amiuonia.  In 
this  reaction  a  mixture  of  the  iodides  of  ammonium,  mettiyl-nmmoiiium, 
dini(*thyl-ammonium,  trimethyl-ammonium,  and  telramttthrl-aiunioniuni 
is  produced.  The  limt  ami  la.tt  eomiKXindit  are  f»)nned  in  largest  quantity, 
and  naa^  be  sapamted  by  crystallization,  the  iodide  of  telramcthyt-ammo- 
nium  being  but  sparingly  soluble  in  water.  It  cryKtallizes  in  hard,  flat 
noddles  of  daxzling  wliitenefts.  The  Ayrfroxw/f,  N(*'II,ii)«*^'I.  resembles  the 
corresponding  ethyl'Oom[M)und  iinj'rn),  and  is  deu>mpo8cd  by  heat,  Aft  Above 
mentioned,  into  methyl  alcohol  and  tri  methyl  amine. 


I 
I 
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Ethylamlne  or  Amido  ethane.  C^llrN  s  n,C--CH,(Nn^  =  N  |  ^«^ 

is  prepurod  either  by  lieattng  ethyl  i<)ooyanat«  with  potash,  or  by  digesting 
ethyl  bromide  or  iodide  with  alcoholic  ammonia,  and  treating  the  mixture 
of  salts  tlii'reliy  prodm-ed  witli  oxalic  ether  in  the  mantier  iilrt-ady  de- 
si-riU'd.  It  is  a  very  mobile  liquid,  having  a  itpecifir  gravity  orO.(ii»(>4  at  S0(\ 
(4ti.40K.),  iHjiliugat  lii^'^C.  (ti6.2P  F.),  and  giving  off  an  inflammable  vaimr 
which  has  a  sptHrific  gravity  of  1.57.  It  has  a  mrtst  powerful  ammoniacal 
o  tor,  and  restores  the  blue  eolor  to  rcflden<Mi  litmus- paper.  It  produces 
while  douda  with  hydrochloric  acid,  is  absorbed  by  water  with  great 
avidity,  and  reacts  like  ammonia  with  metallic  salta,  precipitating  the 
Bitlls  of  wague:^tum,  aluminium,  iron,  nmnganeBe,  bismnth.  L-hrr>mium, 
uranium,  tin,  lead,  and  mercury  ;  and  forming  with  zinc-flnlts  a  whitg 
»r>>cipil.ite,  whii-h  ia  i^olable  in  excess.  It  dissolves  Hilver  chloride,  and 
'iehls  with  copper-salts  a  blue  precipitate,  which  is  soluble  in  excess  of 
dhylaniine. 

On  adding  ethylamine  to  am//c  ether,  a  white  precipitate  of  diethjrlox- 
amide,    C,0,(NQ.CJ{J„  is  produced.     Treated  wtih  cA/orina^  U. -TviAsS^ 

54* 


f,42 
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othylAmmnniam  chloride  and  dlch  lorvtliy  lAmi  n «?,  Nf'IjC,Hg,  a  rcllov 
litiuid  which  has  a  (H-nrlrAlinjk',  tt*ar-t'xdting  odnr,  nnd  whc-n  tivat*^  witt 
IM'ta^h  is  ouuvf!rt«d  lulo  niuniuiua,  potobsiuui  iKH'tatv*  and  potassium 
ridt*: 

NCI,(C,Hj)  -I-  3KnO  «  C,n,KO,  H-  2KC1  -f  NH,  -|-  H,0. 

Kthylaminfl  i.s  di»oompn«t!d  hy  nitrotui  ariti,  wiUi  famiatiou  of  etUyl  nj 
and  iwolution  of  nitrogou  : 


fllow 


-h     2H>'0j 


+     2U,0     -f.     N, 


I 


N 


P 


On  patfsing  the  vapor  of  rgom'e  arid  jntn  a  ftolution  nf  ethyl  ami  no, 
liquid   lM'i.-<iiiH*i«   IkiI,  and   rli.'|MMtt:4,  «fl«r  i'vaj>oration«  crystals  uf    etfajrl- 
urea:   t\U,N  +  TNIIO  =  CjIl.N/)  or  CHjCCjHjjN/j  . 

Thi.'  sttlla  of  *.*thylttmiii(*  ivHuiiibtc  tliosu  uf  ammtmia  and  of  innthrlamii 
The  fii/tirw/dorutr,  }s[l^(Cy\i.).\W],  rrj.Hl«IIiz<'.s  in  Ijir-.'**  deltqueHCf lit  jdal 
m.'Uiiig  nt  »0O<;.  (ITU^F.):  the  pUuinockloride,  2>IH,(C,UjUI.PtCi4, 
oratigf -yellow  scalt«. 

Diethyl  amine,  *^',niiN  =  Nn(Cjnj.j. — A  mixture  of  thp  nolntion? 
etUylaiiiiuf  and  «-thyl  bromide,  hoiitt^d  in  a  «i'uh>d  tulH*  for  si^Vprnl  hnai 
soUdifien  to  a  uryHtalUnti  masH  of  dii-thylauimoniiiin  bromide:  N|],((',] 
+  CjlisBr  «  NiljCCjHs),!^.  This  hnmiide.  distilled  with  poknsh,  yii 
dii^thylamin*-  as  a  eolorle«!i  liquid,  still  v.Ty  alknliiif,  and  fiidubb>  in  wat< 
but  !*ya  8i>  than  fthylamine.  Thia  compound  binls  at  57^  C.  (i;i4.fSO  P. 
It  fnmw  bcnutil'ully  cryHL:iIliiabbr  salts  wilh  at-ids.  A  Moliition  of  dieth; 
aiiiiniiniiiiti  L'liluridi'  ri>nii<<  wiih  idalinic  (liloridf  a  v«^ryKoluh]p doubles: 
2NHj(r',H3),{'I,l*ti'l„  crystulliiiii^'  in  orangL'-nrd  grains,  very  dilTc 
from  tho  urange-yHllow  K-nvt-a  of  the  corrcsitonding  ethyl-ammonium  sj 

Difthylamini.'  t>t*bavas  with  cyanic  acid  likt>  ammonia  and  ethylai 
Riving  riao  to  diethyl -urea,  CH,(C,Hj)^N,0. 

Triethylamine,  <"jn,ftN=  NtCjH^),.— The  formation  of  this  body 
ptTlVttly  analogous  to  that  of  etliylaniine  and  of  dit'thylamine.     On  h( 
ing  fur  a  short  time  a  mixture  of  dii-thylamine  with  i-thyl   brnmido  in 
Brab-d  glasH  tnbe,  a  beautiful  flbrouH  muss  of  tripthylmnmonium  bromido 
in  obtained,  from  which  the  trieth^rlamine  may  b«  si'|iar.-ilt««l    by  potas] 
Trinthylamino  i8  a  colorless,  powerfnlly  alkaline  liquid,  boiling  at  81K> 
(192.2^  F.)'     I ta  sails  crystallize  remarkably  wt^U.     Willi  platinic  chU 
rido  it  forms  a  very  soluble  double  salt,  2NH'(Cjli4),Cl.PtCl,^  which  crj 
talliztfS  in  magnificent,  large,  orange-rod  rhombs. 

Tetrethylammonium  compounds. — When  anhydrons  triethylami 
ii*  mixt-d  with  dry  ethyl  i-j^Ude,  a  iM^wcrful  reaction  ensnes,  the  mixtai 
boils,  and  HididiOes  on  cooling  to  a  while  crystalline  niii.-w  of  tetrcthyl 
ammoninm  iodide:  N(C,IJj)a+ CjHjI  =  >'(r,II j^I.  This  iodide 
readily  soluble  in  hot  water,  from  which  it  t*eparates  on  «n>linp  in  Ivaal 
ful  erystals  of  i-onsideralilu  sixe.  It  ia  not  deconijiosi'd  by  potash,  but 
bu  boijeii  with  the  alkali  for  hours  without  yielding  a  trac«  of  volaii] 
base.  The  ioiline  may,  howt.'ver,  be  readily  removed  by  treating  the  soli 
tion  with  silver-saltf*.  If  in  this  rase  silver  rtu!phal4?  or  nitrate  be  m 
we  obtain,  together  with  silver  iodide,  the  Hulpbate  or  nitrate  of  tetrcthyl 
ammonium,  which  eryHtaUlzes  on  L-v.-i|M)ration  ;  on  the  olbiT  li.iud,  if  ll 
io<lide  l>e  treatiwl  with  Ireshly  prei-ipitated  silver  oxide,  tlie  hydrox  idj 
of  tcirct  hy  lammonium,  ^(CjHaJ.OU.  in  s-iKinited.  On  Ulterh 
off  thefilver  pret-ipilale,  a  clear  colorle5>  K  whit-h  contaii 

the  i^tlated  baae  iu  aoiution.     U  has  a  >  <  roactUm,  and  ii 
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tcnsoljr  blttor  Ujit«.  Tho  ftolution  of  tetrethjl-ammoniuu  liydroxkle  hw 
a  remarkaliln  luialog:^  to  potiwb  and  s^ida.  Like  tlif««^  i)ulMlanci-».  it  dis- 
ttrayn  lUt-  <<pi<li-rmi!4  aiui  8niM>niiit-s  fallv  ^ulMtanoi'ii.  willi  formnliim  of  Irue 
loaps.  With  niftallirtialu  it  4*xhibiUi  exactly  tlit*  same  rL*actioni>  ns  ptilAiili. 
Ou  uvspurating  a  Holutinii  nf  tin*  hn.se  in  a  vacuum,  long  slcudor  neeilU'S 
arB  d«poeit«d,  otmsiKtiug  of  tlie  hydroxide  willi  a  tertftiii  auiouiitof  i:ry»- 
tnlllzalion-wattT.  Aftor  amut'  tiuu'  thoue  nowllu*  dwappt^ar,  and  a  aemt' 
Rolul  maaH  in  l«rt,  whifh  in  lint  iinhydrous  boiio.  A  oiinct'iilratod  BoluiioD 
of  this  clumpound  in  water  may  Inr  Ixiilifd  withont  d<*coni[>€>i(ition,  but  on 
heftting  the  dry  aubstajice,  it  it*  dwomposwl  into  tri«lbylamini>,  water,  and 
uthttuu  gaa : 

Th*"  othtT  salts  of  tWrethylainmonlum  nr«  obtained  by  Ircating  the  liy- 
dntxidu  with  actitn  :  several  of  them  form  bi^autifitl  orystaln.  The  pintino' 
chloritie,  (.N'(*'iH2)4Cl],.l*tCI^,  uryttlalliifa  in  orungt-yellow  tictohudrons, 
slightly  soluble  ia  water,  Ie«H  noluble  iu  alcohol  aud  ether. 


,  pr€>dnce*l    by  hy- 


The  aminea  of  the  aerlos  0^11,^+,?^,  which  contain  more  than  three 
atoms  of  carlmn^  admit,  as  alreaity  olraerviMl,  tif  isomeric  modi  Ilea  tions, 
dopflod  on  Iho  atruclare  of  their  alooUol-radioles. 

dr<igeuatit>u  «»f  pMpriunitril  (ethyl  cyaulde),  C|HjN,  or  by  the  action  of 
boilin);  imla.-4h  on  the  mixture  of  propyl  [dot:yanate  and  iBocyannratc  ob- 
tainetl  by  distilling  normal  propyl  iodide  with  silver  cT^anate,  is  a  strongly 
alkaline  lic|uid,  boiling  at  50^  C.  iVi*Jfi  K.)<  ii«'J  liavlng  a  sptviHc  gravity  of 
(h72«;J  at  l)--  C.  The  /iUuinorhlmifJr,  ■J(C,H,N.UL'I).PtCl4,  uryatalliaea  ia 
oranj;e-yt«lli)w  monoclinic  priHms. 

The  nitritf,  (.'jlI^N-Nl*,,  is  riisolved  by  heat  into  piieudoproprl  alcohol, 
nitrogen,  and  w&t«r,  CUg— CUg— CUj(NU^  -f-  >0,U  f>  CU,— filOU— CU, 
+  N,  +  U,0.  i»«  •  \ 

laopropylamlne,  CH,— CIX-NH^— TH,,  or  N  |  ^^^^^>^«  ,  U  produced 

aa  a  formate  by  the  action  of  hydrochloric  acid  on  istopropyl  laocyanidQ^ 

The  base  liberated  from  this  salt  by  ttoceetiHivu  treatment  with  hydro- 
chloric  and  and  {wtaah,  in  a  sweuliHh  atumonratvil  iMpitd,  Udling  at  'i'Jfi  C. 
(81>.ti^  K.)<  Ita  platiuuchloride  cryatalUzus  in  goldeu-yelluw  scales  or  Hat- 
tvned  necdlpa. 

B a ty lam laes.^Of  primary  batylamino,  CfUuNf  there  are  three 

moiliiiciitirtiis,  viK.  : — 


4 
I 


1.  Normal  Butylamine,  CH3.(CII,),.Nn,,  obtained  by  the  action  of 

^nascent  hydrogen  un  normal   propyl  cyanide  or  butyro-nilril,  Cllj((:H,)j. 
"^N.     U  Ib  a  colorless,  hygrnacopie,   fuminfe  liquid,  boiling  at  "fJ.fiO  C, 
'lt(7.9^  V,),  and  baring  aHpe.itic  gravity  of  0.7r».'t  at  O©  C.     Nitrous  acid 
mverta  it  into  isobutyl  alcohol,  CH(CHj;,— (;U/>U. 

2,  Isobutylamlae.  CH(rn,)^.CH5.NHj,  is  obtained  by  distilling  a  mix- 
iro  (if  p<itiL.^diuin  isiibutyl^ulphate  with  ]>otaiiHiurn  cyauate,  and  treating 
Ltf  resulliug  Uobulyl  iaooyouato  with  pi>uu»h.     It  bulla  at  UtP  C.  <\!^4^ 
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P,).  nnd  has  a  «p.»nfio  gravity  of  0.73r»7  at  IS©  C.  (6S»o  p.).     w^ah  nil 
a(i<l  it  yiflds  l*;rilAry  liuiyl  aKi>hoi  or  Irimethyl  OArlunoI,  C<'H,),.0 
Now  il  hiui  Ihwii  alrt^nd.v  st&tM  that  noriunl  l>uivlauiiii«  HJniilnriv'  li 
is  oonrtTtf^l  into  inubtityl  ulcolml,  uid  uonual  prf>pylntuiiu«  into  iM^pni 
altiihol.     Ucnct!  it  aj»|KrArH  tliat  tlio  ftctinit  of  nitn.>ua    aciii    uii   prrnti 
Aiiiii)»*9<  gtvt<H  riftv  tu  tliL*  jiloittiol  uf  a  rajiklu  t'otitaiiiiiig  one  ur  tuvro  mcthj 
group  than  tlic  original  amiii*t» ; — 

CH,.CU-,cn,.CIKNH,    +    NO,H  =  N,  +  H,0  +  CH(CHj,.Cr!,OttJ 

^'urtnnl  Huij Inttiluu.  lM>but>'l  AlooboL 

C'M(CII,)5A'H,.NIJ,    -f    KO,n  =  N,  +  H,0  -f-  (CII,),C.r()» 
UubulyJamluc.  TvtUnty  Butjl 

aJauhul. 

3.  Tertiary  Bntylamine,  or  KaUbatyUmlne.  (CII,)^C.XIC,,  is 

pHrwl    by  liL-jiting    i.iobutyl    iotiiito  with    iiiy  silver   i-yanate,  uiisiug    i| 
rvfliilliug  Molid  uiMupouiKl  of  silver  iotide  and  Uubulyl  cyaiiat*;  with  fin* 
putvoriuMl  potaMiium  tiytlroKiilt*,  au<ldi»tilliug  tlieniixtur«  hy  BinA]]  qai 
tUinii   at  a  time.     It  is  a  liquid    Uiiling  at   45-^^i>'0  C.  ( 1  l3-114.bQ  F. 
and  baring  a  spcciOc  gravity  ot  0.tJ987  at  150  C.  (fiiP  F.). 

Dibntyalamine,  NHCCJI,),,  ami  TiibntylamlnA,  >'(C^H,)j. 
tniiit"!   ftrt    byt'-pHHlucts  iti  the    preparation  ui   imrmnl  valiTio  acid   by 
ai-tion  of  hIcoIkjUo  potash  nn  normal  bulyt  cyanide.     Tliv  funuvr  boils 
Vivo  c.  (3:M)0  F.),  iho  lattor  bvtwoeu  211t>C.  (4U.80  F.)  and  2iao 
(4lyO  K.). 

Pentylaminea.^-Of  primary  pentylaminfa,  CjIIjaN,  there  ar«  two 

knowumodiiit-'uiiDns,  viz.,  iitopt'ii  ty  laini  ne  or  amyiaiuiue,  doriv*^ 
from  thu  ordinary  aiiiyl  aluobol  of  ftirnii*ntriIioii,  nwi  pH  vudupenty  I - 
a  lu  i  n  ti  f  di*riV()d  from  isopropyl-melhyl  carbinul  (p.  &Bti).  They  ar«>  rcp- 
reat'nled  by  the  following  fonnula: — 

O  <  Hi  or  N*  ^  U  t^j  <'Ug  or  N  {  H 

i  Nil,  <  il  ^]  H  (U 

XiopeatyUmloe.  PMU(lopeDtylamla& 

laopentylamlno  or  Ordinary  Amylamlne.  is  obtAintsl  by  dislflllng 
isHpoiityl  isiwyantito  or  iHiMiyaniirati-,  or  primary  i-iupitntyl-carbaiuidtf, 
CONJJ,(Cgli,,),  with  potash  ;  jtbt'tiiln-poiityluminu  in  likf  manner  fr»iti 
socondary  isi^pfiityl-carbniuide,  C<>N,ll^(CIIa)(i\H,).  Holh  an-  «HdiirK*«t) 
liqnids,  of  pciiftratin^  Ainmoiiiaeal  odor,  and  iilightly  Boluble  in  wat«>r,  to 
whltdi  thny  impart  an  alkaline  reaction.  Amylamino  boils  at  U5^<.'.  (2l>30 
K.),  and  has  a  npeoifir  i^ravity  of  0.7503  at  IhP  C.  (tJ4.'IP  K.);  p»etido|»«n- 
tylamino  boilB  at  "S.:*©  C.  (173.30  p.),  and  lias  a  sp^'ciljc  praviiy  of  0.7.'i5 
at  t)0  C.  Platinoehlnridu  of  amylamint*  cry)«tallixtt*  in  golden-yullow  scale?* ; 
that  of  pflendoptMilylantinn  in  fine  cry*<tnls  derived  from  a  monot-Iinic  prii^m. 
The  uurttchlorido  of  pseudopculyl,  t\H,j>*.AuCl,,  forma  large  yuUow  luono- 
clinic  iTVHtaU. 

DlamylamlnB,  C,«n.,NsNR(CJI„)2. — An  arornatfo  liqnid,  l(*u  sola- 
ble  in  uater,  and  luu  alkaline  than  anjylainiue.  It  boiia  at  aboQl  170^  C. 
(3abO  F.). 

Trlamylamine,  r,iHaN^N(CjH,,),.— A  colorlesa  Uqnid,  havinjt  prt^- 

I>.'rljes  similar  to  those  of  the  two  ],r   -    '■   -  * ^■■:'    f-     •  -  ^  ,^t  26TO  C. 

( l'.UOK.).     The  «aItEof  triainylymi!  •  in  water, 

and  uufU,  when  beatvd,  to  i^.lnrlf^*.  1j  ,...:=,  ::  ..^: —    .,  -.-^a. 
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Tetramylammonium  Hydroxide.  r.(,II^jXO=iN(CjH„),0H. — ^ThU 
■ulmlAUCti  in  fur  lf»K  Mtlublt:  than  tliu  corrcHiHiudiiig  buus  or  the  tuettiyl 
and  etli/1  Buried,  aud  B*-para(.t.-d  am  »»  oily  layer  on  adding  potash  to  thv 
aqucouB  sulutiou.  On  evaporating  the  solution  in  an  alnuMpheru  (tvc  from 
carbonio  auid,  tho  alkali  way  U>  ubtainud  in  uptcndid  iT^istals  uf  oouetder- 
ahle  ffixe.  Whi-ii  nuhuiitted  to  didtillatiuu  it  ttjilitd  into  water,  trlaiuyU 
aututi,  and  aiitylene  : 


N(c,»„).oa   =s   n,o  -f-   N(C,H„),  -f   cyi 


ir 


Brometliyl-  and  Btheziyl*  or  Vinyl -bases. — Tertiary 
niuiiaiiiiiitM  uiuti«  (liroctly  with  ethcu«  bromide,  giving  rlie  to  bromlaaled 
amiuouiuai'tastid :  «.y.t 


(CJl^,N    +    C,H,Br, 


(C,H,).a 


N.Br. 


t'.H^Br 

In  thcfle  compounds,  tlie  brouilne  dir^H^tly  atlauhvd  to  tho  nitrogen  is  «ai«ily 
rt-placeablL*  hy  double  decornpcmition,  by  tb»  action  of  Hilvrr  nitratf,  for 
vxaniplu,  wheruby  the  tromidu  is  (x>urort«d  lute  thti  nitrato  (C.tl.). 
(Cjll,Br)N.N<>,. 

Thr  other  brumine-atom  is  more  intimat«dy  oombineil,  hut  this  also  mny 
Ix!  rfmovtHi  by  thu  action  of  woiHt  tiilvfr  oxide,  ih«gnmp(',lI,Hr  or  <'II,Hr — 
('il.^  beiii(;;r«inv(!rt«d,  hy  lOlmiuAtinn  nf  IIBr,  intuettieny)  or  vinyl  CII,— CH, 
and  thi)  bromide  of  Irlelbyl-brouietliyl-aiuiuoiiiuiu  being  converted  into 
trie  thy  I- V  i  uy  1 -am  won  i  u  ni   hydroxide: 

C^u"ur  l^-^""  +  2A^^  =  2.AgDr  +  11,0  -|-  ^^;/^^»>»  |  N.OH. 

Ozethene-bases  or  Hydramines.  —  When  etheneoxide, 
C,H^U  or  C'll^— O-^'ll,,  is  treated  witti  acjUt'iui)*  Hinninnia,  1,  12,  or  3  inoU*- 
eiih«  of  the  oxide  unite  with  one  mot.  ammonia,  proilueiug  the  following 
Imwos  ; 

C1I,(0II)C][^MI„  Btheno-hydramine. 

CH,con)(:u,N^«„ 


Dieihene-hydramine. 


[fn,(OH)CH,],N, 


Triethent^h  vd  ramine. 


Tlie  hydroclilaridos  of  tliese  bases  are  alfi<t  formal  by  tiie  action  of  am- 
monia on  ethene  chUirbydrin.  Cyi,Cl(OII).  Thi'  boars  arc  st^parattid  from 
one  finotber  by  fractitmal  er^'stallJKalion  of  their  hydrochlorides  or  pluit- 
uovliloridfw.     Thoy  arv  visvid,  alkaliut:)  liquids,  decomposed  by  ditft  illation. 

Choline,  ^^iRisNOj, — This  base,  whieh  has  the  composition  of  trimelhyl- 
elb'Mo'bydrinummouium  hydroxiile,  *  i^'<**Ckvri!  1  OH  *  *^  formed  syn- 
tlh'tii'ally  by  luxating  etheneoxide  or  elheue-chlorhydrin  with  triuiethyl- 
amino  iu  aqueous  solution 

(CHO»N  +  CjH^O  +  H,0  =  C, 

W^     It  exists  ready-fnrm'Hl  in  tho  animal  organism,  namely  in  bile,  from 

■"*  -which  it  was  first  nbtnjiiwj   (hrnce  its  nnine)  ;  also  in   the  brain,  and  in 

wbitH  of  e^g,  in  both  of  whieh  it  oci-urs  in  the  form  of  I  ec  i  t  )t  i  n  ,  n.  eom- 

]H>und  of  cholino  witli  glyeeruphntiphorio  acid  and  fatty  acids.     It  is  also 

ppNlucod  from  sinapine,  the  alkaloid  of  white  mnstard,  by  bailing  with 

I  alkalies,  and  is  thejieu  also  called  sinealine. 
, 


646 


FATTY    UaOUP:   ALOOBOLS   AMD   ETHEttS. 


aoiti  rt^Jiction,  And  Ab«or1)ing  corlionic:  aoitl  from  th*^  «ir.     ltd  plafinttc^l 
2(CVI,|N0,.tiCl).PtCl„  cry8tAlUi(<«  in  lliic-  red-retlow  UblvA,  insolabU 

AllX>tu>l. 

Clioliue  heat«d  with   bydHodic  acid  TieUlii   thu  compound 

<C'  U  ! 
i"*   '  ,  wLicb,  by  action  of  njoiBt  silvvr  oxide  la  oonrertMl 

triiDutb^l-rinyl -ammonium   bydroxido: 


(CH,),N<^j1*«     =    C.H„NO. 


This  baM.  called  neuriue,  ia  very  much  like  cboliDt 
diffnni  by  UgO— and  llkowiso  vxisto  iu  thu  braiu. 


-frocu  whloli 


1 


Betalne,  C^nnNO,,  the  alkalolld  of  b^et-juice,  which  has  the  cons 

lion  of  irimtjthyl-glyoociufj,  (Cll,)jlv'<^   "^i     (bw  Amniut),  is  alsune 

routed  to  choline,  and  ia  forraod  by  oxidation  of  eholiuo  hydrtK'hloride, 
whenev  it  is  also  called  uxycbuliue,  and  oxy  neuriuu.  It  is  formed 
ayuthetically,  aa  a  hydroobloride,  by  heating  trimtithylaminu  with,  uuuo- 
chloraoetio  acid : 

(CH,),N  4-  C1I,CI.C0.0H  —  (CUO,N<^*|;|V'^  -HCl. 

Bntaiuo  cryatalUzos  ^ni  alcohol  in  shining  dellqnwoent  rrystala  con- 
taining one  molerul)'  of  wat«>r.  It  hna  n  neutral  n-actiou,  aswcvtiah  taate, 
and  ia  dcoomp<jacd  by  builiug  alkaUua,  with  evuiution  of  trimelhylamiae. 


DiaaiiKEB. 


J,H.,  ^ 


I 


Thote  are  basoa  derived  from  a  double  molecule  of  ammonia,  N, 
anbakitution  of  bivalent  alroliol-radiclrtt   for  a  part  or  the  whole  of  the 
hydrogen,  or  from  thu  paiulSuii  by  Hubbtitution  of  two  Nil, -groups  for 
2  aloiuH  of  hydro^fo. 

Diaminuf  are  fonned  by  the  action  of  ammonia  on  the  chlorides,  bromidt 
and  iodides  of  diatomio  aloohol-radioles  (oioUuoti). 

Stbene-diamlneB. — By  Iho  action  of  ammonia  on  rlhene  dll 
mill*',  a  iinniUr  of  L»>mpoundii  are  producuil,  tuimn^  which  are  the  hyd| 
bmmidcs  of  threo  baaos  derired  from  two  molectilea  of  ammonia,  by 
atitution  of  1,  2,  or  a  moleculea  of  etheuo,  CjH,,  for  otjuivulent  quantit 
of  hydrogen  j  thus: 


2NH,     +     C,H,Ur,     = 


■4Nn,    +    2C,H,Br, 


6NII,    4-    3C^n,Br, 


Etheue^lUnlne. 


=    N^C-H^-N.UHBr 
Dicthenff-diamlnc. 

=    N^r,H,-N.2RBr 
Trleibeoc-dliiwiDft, 


+ 


-^     4NH^Br 


XTIIENE-DIAMINES. 
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Tho  mlxtare  of  hydrobnimi'les  thoa  obuined  is  deoompoaed  hy  distilla- 
tion with  pntiuh,  aii'i  thu  three  diominvK  which  piiM  orer  aro  tt^parattKl 
hy  fr&ctioQa)  diblillatiou. 

Elhtnv-diamime,    CJ?bN,  =  C,H,(NUj),  =a  N,|  Jj'^*  .    U     a.SO     pro- 

ducod  by  tho  aotion  of  tiu  and  Iiydroclilorio  acid  on  dicynnngen : 
C,X,  4-  41I,  =  C,H,N,.  It  iit  a  colurlrtis  liquid,  boiling'  at  123^  C.  (253.40 
F.)t  hariiig  a  strnng  alkaline  reactiou,  aiid  ammouiacal  odor,  fiitrous 
acid  couwrtB  It  into  vtheuo  uxido : 


Dietkene'diamine 


NA 


2H,0     +     2N,     -f     C,H,0. 

boiU  at   170OC.  (3380  P.y,    tf\ 


etkene-diamine,  Nj(C,Hj)„  at  220O  C.  <4290  F.)- 

Th«fl«  dlamiutifi  are  bi-acid  baaofl,  capable  nf  uniting  diroctl7  with  2 
equivalviiUi  {*(  aii  avid.  Tliey  van  albo  uuito  wilti  the  bruiiiidfa  and  iodidiii 
of  the  alc'ohal-radiuh'S,  pruducing  ioilideii  of  ttniinotiitiiii  biui4,  thus : 


/ron  Ethate-diamine  are  obtained 

lorltde  of  Kthime-<linmini)nium 
lodido  (>r  Dielhyl-uthene-tliaiiiinonium 
Iodide  of  Tt'Irt'thyl-tfthene-dijiiuniuiiiuni 
Iodide  of  IViiteth,v1-t'thciii'-diammonium 
Iodide  of  iiuxethyl-uthcnti'diammuuiuu 


IN,H(r1ij<c,iU)ji,. 


fntm  PieiAene^iamine; 

lodido  of  Dicthono-fliammnuinm 
Iodide  of  Dietliyl-di<-th4MRMlinmroonium     . 
Iodide  of  Tricthyl-iliethene-diAininoniitin    . 
Iodide  of  Ttjlrethyl-diethcue-diaumiouiuu . 


tN.n,(cji,),]i,. 
tN,ii,(<.Vi.>,(c,ti.).3i,. 

lN,(t:,u,),(t;,H,)ji,. 


from  Trirthenf-diamihtT 
Iodide  of  Dicthyl-triothune-diammoniiim    .     [N5(C,n^)5(C,Ilj),]I,. 

The  diaminps   also  nnit*»  diroptly  with  water   to   form  ammoni 
oxides  ;  thua: 

c.n.<jJ|J;  +    H.0   =    c,H,<Nnp>o. 

Thr»se  oxMi*  are  very  nnstfiMe,  and  givi?  off  the  water  again  on  mere  diji- 
tillatinn  ovi>r  potassium  hydroxide;  when  trt^ated  with  atdda,  they  form 
dtamiiie-i<Al^«,  with  separation  of  water. 


Methenyl- diamine. 


CN, 


n^^N, -{!,    *^      ,    or    Formt/timidamidet 
This  base,   nearly  related    to  ^animide  or  carbodiimide, 


CN,H,.HO,  is  prodnced  together  with  ethyl  chloride  and  ethyl  forinal".  by 
^mieating  theoomponnd  CMI.HCl.  forin«-4l  by  dirt'cl  mmblnation  of  nnhy- 
^^HrouM  liydnK'yaiilc  arid  and  gH.H4*<iiin  hydrochloric  acid,  with  !iI(,'>iliol : 

^•SCCMI.IICI)  4-  2(C,1V0II)  =  CN,H,.nci  +  Cjll.a  4-  t-Jia-CHO,. 
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I 


It  cryiftalliZ'^fl  in  iifHtllf*^  mplling  at  810C.  (177.80  p.),  ^qJ  |g  rwolTtdlf 

alkaliL-)!  inio  ummuuia  and  formic  acid: 

CN,H,    +     2n,0    B     2NH,     +     CHO.OH. 
Methyl-methenyl-diamine,    Ethenyl  diamine,    or    Aoedlamioe, 

CVNjIi,    a»    (UaC)L'^^.j}    .      TheUydrmUImui.'of  liiisliose,  C^'jll,.! 

togviluT  with  acctio  add,  is  formed  by  huatiiig  acc'taiuidu  in  dry  liydi 
chloric  acid  \^a»  : 

It  nryslAllizcH  in  Inn^  uwdles,  Bolnbh'  in  waU*r  and  alcohol.  The  frw 
baso  is  v(jry  uiisttaMi*,  ant!  wlimi  Bopnratod  from  the  liydnxdilorlde  bv  as 
alkali,  is  quickly  resolved  into  ammonia  and  aovUu  acid. 

Hydrozyl-metheayl-diamine  »»r  laaret.  CON,n^«cu^JJ[|    . 

Thi«  baH»»,  if^omcri*:  with  t'nrl>amidi>,  is  fnriued   hy  t*va]K>ratiug  an  alcoi 
solution  of  hydroxylamine  (p.  15t>)  and  liydrucyauic  acid  : 


CIIN     4-     NHj.OIl 


II  crystallizoB  in  rhombic  prisms  rosmnbling  carbamide  (urea):  mplfA  witl 
partial  dL-«>inp.>«it ion  at  KWO-IOOO  C.  (21i».iiCt-221'^  F.);  lioa  an  alkaline 
ruftclion,  and  unilc-s  with  1  oquiv.  of  acids,  forming  cryBtalUn«.«iaIt»,  wiii 
arc  rtrntdvcd,  on  heating  thiur  Holutionti,  into  formic  acid,  amniunia, 
liydriixylauiinc.     The  haao  itself  in  hIso  dccniupoBed  by  bulling  its  nqut.f>t 
Holutiiiii  yielding  nitrogen,  carbon  dioxide,  ammonia,  guanidiue,  carl 
aud  biuret. 


TBI  AMIRBS. 


I 


Dietbene-triamlne,  N^  \  V^\i\  ,  and  Triethene-triamine,  N,  i  [^^^*^' 

^The  hydro  bromides  of  ihtftw  bases  are  found  amongst  the  products  ob- 
tained by  boating  etht>no  bromide  with  ammonia.  Their  formation  ia  rw> 
jprcitcntod  by  the  equations, 

4NH3    -(-     2C,U,Br,    =    NH.Br    + 


6Nn,    +     3r,H^Br, 


3Nn,Rr   -f 


N.(C,H.)A'^HTrr 

Dle(bene*lrUinlne. 

Na(r:,H,),Hv3IIBr 

Trietbena-iriftmlne. 


I 


I 


ThMe  baspH  cannot  bo  soparalcd  by  distillatinn.  on  account  of  the  prox- 
Indty  "f  their  Iwiling  pointfl,  but  thi'ir  separation  is  effected  by  converting 
them  into  pIutino-ehlorideR,  whieh  eryslallize  witli  great  facility. 

Ikith  these  trinmines  form  well-dertned  oryHtalliuo  »i\i»,  contnining  1,  2, 
aud  3  equivalfiils  of   aeidw  ;    and   t!i"  aqut-nns   solutinns   of  tbt-be  salts,  ^^ 
treated  witli  dolid  potassium  liydroxidett,  yit^ld  the  frw^  ba.*)cs  in  the  fomuH 
of  strongly  alkaline  oily  liquitbi,  soluble  in  every  proportion  of  vratt*r  aitd^H 
aUviht»l,  nearly  in!«oluble  in  ether.      Diethene-triamino  lioils  at  20iP  C. 
(40i;.4O  F.),  triethcue-trianiino  at  2UtO  C.  (420.60  F.). 

Triethene  TctTamine,  N,  I  j. '    *'*. — ^Tlia  hydrobromide  <\t  this 

in  also  one  of  the  product*  of  the  artinn  nf  anuufmia  *m  ethMiie  linnnidf^, 
but  it  is  more  easily  ol»Uiuc<i  by  submitlinj^  wthe""  '•'•  Im  tlie  action 

of  ethene  bromide : 


TBIAMINES. 
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2N.(C,H,)H,    4-     C,H,Br, 


N,(C,H,),n,.2nBr 


Th«  Imae,  separated  from  the  broniidi^  by  silver  oxide,  U  a  ittoue\y  alk&- 
line  liquid,  whiuU  driufl  up  to  a  uon -crystal Using  byrup.  The  fJatinocMlo' 
ritla,  N^(C,U4)|Hf.4ii01.2I'(Cl4,  is  a  palu  yellow  atuurphutu,  aiiuust  iosolu- 
bU  salt.* 

/  ft? 
Ouanldlne,   CH^Ng,  =  CarbotTiamlne,   ^ti  n    i  *>r  Carblmldo- 

diamidOi  Cc~NH    .—This  baae  is  prodaced  :    1.  By  the  action  of  aqueous 


\ 


NH, 


ammonia  at  150O  C.  (302^  F.)  on  ohloropicrin,  or  on  ethyl  orthooarbonato : 


CCI,(NO) 
Ohloro|ilena. 


+     3NU,    =     CN,H..HCl    -I-    2HCI     +    MO,H 


COX'Al,),    -f     SNIlj    -f     UgO     -     CNgHj    +     H,0    4.    4C,HgO. 

EWiyl  Ortho- 
eiirbou&te, 

2.  By  healing  cyanamide  in  alcobolio  solution  with  ammonium  chloride : 

CU,N,    +     NH4CI     —     CN|Hs.HCl. 

3.  Tog(ith(?r  with  paralMmio  add,  by  heating  guanino  (au  nllcaloid  ob- 
taiiUMl  from  guano),  with  a  mixture  of  hydroohloric  a«ld  and  putAHsium 
obloratu,  wlLioh  uxertu  an  oxidising  action  : 

CjH^NiO    H-    0,    +     H,0     -     CNjHj    +     C^NjlIjO,    -f-    CO,. 

Ouanidine,  teparati^d  from  its  sulphate  by  baryta-water,  foruu  oolorlma 
crystals,  easily  soluble  in  watt^r  and  alt»>hol :  the  solution  has  a  puwerful 
alkalino  reaction,  and  abuorlwi  uarboniu  acid  from  the  air,  furniiiig  a  car- 
Ujnate,  2CU2N,,H,CO„  which  is  also  alkaline,  and  crystallizeet  iu  square 
priituu. 

The  nUratf,  CH^Ni.XO^H,  forms  large  laminie  easily  soluble  in  water. 
The  Kydrochloride,  ClIjNj.UCl,  yields  a  platiuoohloride,  cTysiallixing  in 
yellow  ueefllrd. 

Alouhnlic  derivatives  of  guanldine  are  formed  by  reactions  analogous  to 
tho.4e  whirh  yitdd  giianidino  itself,  esp**cially  by  heating  cyauamide  with. 
the  hydroi^blorides  of  primary  amines:  e.  jTm 

CN,u,   +   Nu,(cn,).uci  -=  CNj,n/cH5).Ha. 

Methyl-guanidine,  rN,nj(rn,),  is  also  formed  by  boiling  creatine 
with  wat#^r  and  imrriiric  oxide.  When  separate*!  from  iU  hydrochloride 
by  silver  oxide  it  fnnnn  a  dt^li^ueao^'nt  crvstnlline  mass,  which  anitM  with 
1  wi.  of  a«id,  forming  w«ll-orvstflllizod  aaltB. 

Triethyl-gnanidine,  CN,H,(C,n,)a.  *»  f"rmod  hv  boiling  dirthyl- 
thiooarbamide  and  elhylamine  in  alooholio  solutioa  with  meruurio  oxide  : 

^<n3:o;[I;  +  Nn,.c,H,  +  ngo  =. 


HgS     +     H,0     +     (r,Hj)N: 


IrThe  phenyl  and  tnlyl-derivalinnt  of  unanidino  will  bo  de8cril)od  amongst 
m  compounds  of  the  sronintie  group  :  the  derivatives  containing  acid 
radieU-a  amongst  the  derivatives  of  nric  acid. 

•  For  further  aet«IUre»|»erHrHrthMe  higher  ethene-bssM,  see  Wstts's  DUallon- 
ary  of  Chemlttry,  vol.  ii.  pp.  fieS-Mcl. 
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PhoBpboroA,  ATvenlc,  and  Antimony  Bases. 

PhmithitruM,  snenic,  and  anlimouj,  (wing  like  nitrog«a,  eilhcr  (riralnrt 
or  quinquiralMit,  are  capable  of  forming  oocDpoaixb  aoalogooa  to  tUo 
atuines  and  tlw  uamonium  salts. 


Fuoaraoaus  aaass  os  fhq6pbx5bs. 


J 


TertUrj  phosphincs  and  phoBphoniam  baaes  are  formed  by  the  a^^tXon 
of  alooluiiio  iodide*  on  phovptuQe,  PU, :  thus, 


PH. 


+     3CAI 


P(C,H»),    +    C,HJ      = 


2HI   -f    P(r,ni),.Hi. 

Triethyl-phoaptOas 
LfdriuUkta* 

P(C,H5)J 
Trt«th]rt-t>ho«i>hoolua 

iodide. 


resdOy  by  heating  phosphoniam  iodide,  PH«I  (p.  219),  to 
180O  C.  (30-il^^-35tiO  F.)  with  olwholiu  iodid««  : 


PHJ 
and  P(C,Hj),ni 


3C,Hjl 
C,H,I 


3111 
HI 


P(C,HO,.ni; 


On  beating  Iha  product  with  potash-lye,  the  hydriodide  of  the  tertinrj 
phocphino  ia  decomposed  and  the  bue  aet  free,  whilu  the  iodide  of  Uto 
phoaphoniam-baM  remains  anatt«rccl. 

Tht*  tertiary  phoBphIn«s  are  also  formed  hy  distilling  the  sincHnmpoiinds 
of  the  alcohol-radicles  with  phosphorus  iriohloride  in  an  atmosphere  of 
hydrogen  : 

3Zn(C,Hj,    -f     2Pa,    s=    SZnCl,    +     2P(C,H4)j. 

The  primary  and  seoondarj  phoephiu«s  are  formed  by  heating  the  alco^ 
holic  Iodides  with  phosphoninm  iodide  to  about  15(P  C.  (302^  P.)   in 
pr«seao«  of  certain  metallic  oxide*,  each  as  xinc  oxide  (onliiiorv  sino-white 
of  oommrrcf^),  thu  product  being  a  mlxtare  of  the  primary  and  secondary 
phospliiues : 


2Pn,i 

and  PU.I 


4- 


ZnO 
ZuO 


«     Znl, 

=    Znl, 


fl,0 

n.o 


4-  2P(C,n,)H,I 

4-   P(CA),H,i. 


On  treating  the  crystalline  product  with  water,  mon ethyl -phoephins 
set  free : 

PCC,H»)n,i  +   H,o  «   ni  4-   n,o  +   p(c,Hj)h„ 


whflfl  the  dit'thylphnspbine  Halt  remains  unaltered,  but  may  be  d 
posed  by  boiling  It  with  caustic  soda,  the  diethyl phosphine  being  then 
free. 

The  ptinaphinM  are  onlorlesa,  Rtrongly  refracting  liquids,  having  an  ex 
tremely  punp^'nt  intoxicating  odor.     They  are  nearly  inaolubln  in  waler. 
In  nontact  with  tho  air,  th^y  oxidlie  rnpidly  and  mostly  lake  Are:  hen 
Ibfir  pr^'pfiration  mimt  bo  condnrle-l  in  ati  atmosphere  of  hy>lrogen. 
saltjj  of  tlie  primary  phfotphines  are  easily  dccompoeod  by  water,  those 
the  secondary  and  tertiary  phoephines  are  not. 

The  primary  pho-  ^re  conrerted  by  oxidation  into  plinsph 

adds,  those  of  thi-  'uwphiues  into  phosphinic  adds  (p.  5ft&] 


AJk 


AB6KNIC    BA8KB, 


P(cn^,ii,  +   0, 


P(CII^,      +    o, 


y 


OH 


\Oli 


M  vtby  1  phoe  phon  io 


\iy^%     Dimetbyl-phoephluic 


Tlio  tertiary  phosphintn  unite  dirwtly  with  1  ntoin  of  oxjgeo,  forniiog 
neatr&l  oxiaw*.  like  (CH^),I't.>,  and  •imilarly  with  1  ai4jm  of  sulphur.  3 
atoms  of  brouiims  iodinv,  etc.,  and  aUu  with  c&rlxiu  biHulphide. 

The  fnlluwing  table  exhibit*  the  chief  diatinguiahiug  ch&raoters  of 
iDethyl-  and  ethyl-phoaphiaes  : — 


Methyl  iihotpblnM : 
I'tCH.jU,   .    .    . 

P(CH,),H    .    ,     . 

P{oa*),     .  .  , 

Erhyl'phoiuhlius  >• 

F<0,I1«),U.    .    . 
P(OA)i     .    -    - 


BoillQi  Polai. 


Qftil 


inf 


(b.8    K.) 
40°O.  (IM^F. 


86^  O.  (770  p.) 
M-*C.(ie6'  P.! 


Sp.OraTlljr, 


t.lltht*>r  th»n 

wntpr. 
Lleliirr  tbAn 

WAfffr. 

LlKtit^r  tbftn 

WAler. 
Ltxliicr  thKB 


Hrdrlodlde. 


Thick  erf  •tala, 


UundrlUtoral 
platea. 


Cryfltanixt 

well. 


DrAnttr-yellow 

ifrlitn<i. 
Kcil  ntwdlei. 


TJie  Ijoiling  fwint  of  the  iaopropyl,  iaobatyl,  and  teopeatyl  or  arayl 
phoephluw  aro  aa  follown : — 


Isopropy  1 -phosphiuet, 
B.  P. 

Isobutyl-phoHphixiea, 
B.  P. 

Amyl-phoflphincs, 
B.  P. 


P(c^n,)u. 

P(C,!I.)U, 


P(C,H,),H 

P(C.II,),H 

1S30 

210-215O 


P(CJ(,), 
3U0O 


1 

I 


ABBEiriC  BASBa. 

Tritethylarsine,  ABfO^n^),,  Is  prodnoMl  by  disMllinp  »n  alloy 
areenio  and  nmliiim  with  cth,vl  i<Ml)f)t*.  At  the  b&uih  time,  also,  th)>r«>  {tf 
fonned  another  body,  eontninintr  Ah/TjII^),,  analuf^nus  to  ar9«*iicliuK*thy1 
oroaoodyl.  Roth  rt^uijM»un«lH  an*  liquitlM  of  [toworful  odor;  tlifv  may  W^ 
BMparatM  by  distillation  in  an  atnjottphori"  of  carbon  dioxide,  the  triothyl- 
ai>iiu*  pn.m»inK  ovtT  last. 

TriMhylarsinn  may  l¥>  ohtninod  ptirp  by  a  pmoefls  analoponn  to  that  pi 
ployed  for  the  prrpnration  of  trlfthylphoflphine,   iiMnely,  by  dlstillii 
amenions  ohloridtj,  A»C1„  wflh  iinu-»'thyl.     It  iit  a  colorlpss  liqnid  uf  must' 
disAcrcAablo  odor^  similar  to  that  of  nrscnietted  hydrogen.  hoIuMo  in  watvr, 
alwhol.  and  ether,  and  boiling  at  14<>O0.  (264^  P.).     Triethvlnrsine  c«»ni- 
hineA  dini^tly  with  oxyp*'n.  Bnlphnr,  bromine,  and  lorline,  ;:(vinji  rine  to  % 
iicrit*s  nf  compounds  contninini?  2  atoms  of  bromine  or  iotliiie.   1  nloin  of 
sulphur  or  oxygen,  and  aualoguua  to  the  corresiKindiiig  i<umj>ouudR  of  tri- 
ttthylslihino. 

Trfetbylar^lne  nnhmitli"*!  to  the  action  of  elhyl  iodiHryleldn  aoryvtalline 

npound^  AaCC,!!^},!,  from  which  freshly  prvoipitatcd  silver  oxide  Mpa- 


inffH 
ust^ 


iitti 
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Araendlmethyl 


I 


rates  the  correnpouding  bjdroxidtf,  Ab(C,H(),OH,  a  pcnrerfulljr  all 
sabstance,  Biuitlar  tu  the  oorrt<«pon<liDg  nitrogun-,  phosphorus-,  juid  ani 
monjr-oompou  iids . 

AlialogniM    (iubHtancrs   exiHt    in    tlie    methyl    »vrii*i.       Trimeihi/fari 
AsCCIIj),,  is  forrut^l,  ItijiethiT  with  arsfiiilimrthyl  or  cacodyl,  A»j(CII, 
when  ui  allay  of  ar^ieuic  and  uodiaiu  ia  HutunilUMl  u»  thu  aoliuo  of  uietl 
ioiiidH.     It  unites  with  motliyl  itKlide,  priMiuciug  tutrmHftk^hfH^mum  ftu(/&| 
As(CHj),I,  friHii  whifh  Kilvi^r  oxido  separatffl  the  hydrate,  Ad(CH^4< 
The  iodide  JuBt  monti(>ni<d  Is  furmuii,  togulhvr  with  iodide  of  oacudyt^  i 
caoodyl  is  acteil  upou  by  un-thyl  iodide: 

Aii,(CU,>4    -h     2^H»I    —    A8(CU,),I    4-     A8(CU,),I. 

By  sulwtitutinjc  "thyl  iiKlid«  for  methyl  iodide  in  this  rc-ftction,  the 
pound  As((*nj),(rjHj)^l  id  formed.     All  these  iiKlidra,  trcatud  with 
silver  uxide,  yield  tUu  uorrusptjudiny  hydruxides. 

A8(CH0, 
>r  Caoodyl,  A8,(CH,)4or|  . — 

A8(CH,), 

arsenii'  iu  ihis  eumpoumi  is  Irivalent,  tuA  in  thoHu  just  described,  on<t 
of  (Hiuiviileiiw  of  eauh  »f  the  ariteiiic  atoms  Urinji  satisfied  l>y  eonitiinatl 
with   the  otlier,  jiiat  aa  In  the  rtolid  hydrogen  arsenide,  As,!!^  (p.  3i^J 
When,  however,  the  arsftidimethyl  uuuihines  with  ohluriue  or  other 
atomic  radicles,  tlie  molecule  Mp[its  into  twu;  thus: 

Afl,(CH04    +    CI,    =    2.\ti(CU,),a. 

Cftoodyl,  so  called  from  its  ropuUive  odor,  oonslituies,  tf>|:ether  with 
pffoduots  of  oxidation,  the  ^[)outaneiiusly  infltuumabla  liquid    known 
Cadet^M  J'uminif  iufuul,  or  Alknrsin.     This  liquid   ia   prepared   by  ilistillj 
equal  weights  of  potassiujn  acetate  an<l  arsenious  oxide  in  a  glaas  rvi 
oonneeted  with  a  condenser  and  tulmlated  receiver  ooolod  by  ice,  a  tul 
being   attnelu"!   tu  tlie  receiver  to  earry  away   the  {>«nu&nently  pi 
prfNiuL'ts  to  iwme  diiitancd  from  the  experimenter.      At  the  dose  uf  the  o| 
ration,  the  receiver  is  found  to  uont^tin  two  liquids,  besides  a  quantity 
reduced  urseiiio  :   the  heavier  of  these  is  the  crude  cacodyl ;  the  other 
sUts  chielly  of  water,  acellu  aeid,  and  aeetone.      The  gtu  given  off  dui 
the  distillation   is  principally  carlxrn  dioxide.     The  crude  caeodyl  is 
peatedly  waslied   hy  agitation   with   water    previously  freini  front  air 
boiling,  and  aftfirwards  rt>4|is(iIIod  from  i»otassi(ini  hydrate  in  a  vi^asel  filU 
with  pure  hydrogen  gas.     All  these  operations  must  be  oonduotod  in  th** 
open  air. 

Pure  cacodyl  \s  ohtain(*d  by  dMonipnsing  the  chloride  with  metallic  xinc, 
dissolving  ..ut  tho  ziuo  chloride  with  w.)tir,and  dehydrating*  the  oily  liquid 
with  ualriuMi  ehloride.  The  strong  tendency  of  caiH»dyl  to  tak«  (Ire  in 
air, and  tim  cxtrenitdy  ]K>it>onous  character  ttf  its  vai»or.  render  it  neoossi 
to  perform  all  the  distillations  in  sealed  vt<«seU  tilled  with  carUtn  diozi^ 

CatHidyl  irt  a  eolorlisrt,  transparent  liquid^  ln.iling  at  ITf^T.  (33ftO  F. 
and  crystalli/inB  ni  (»-'('.  (42.HOF.)  in  Urge  transparent  priBUitt.    Itsmel 
like  alkarstn,  ami   is  even   mort'   iutlnmniahle.      At  a  tt-miierature  bnU 
redness  it  is  re*olved  into  metallic  arsti-nie  and  a  mixture  of  2  vols,  uiethi 
and  1  vol.  ethfiie:  HA^jCJI.^  As, -|- iMMI^-f  i\H,. 

Cacodyl  instantly  tak*-s  fire  when  |>ouri*«l  out  into  air  or  oxygen  or  ohi 
rlne.     With  very  limited  access  of  air  it  throws  olT  white  fumes,  pMUt] 
into  oxidft  and   ultimately  Into  eaoody lie  acid  :    it  ctunbine^    also  dirrvl 
with  sulphur.     It  can  tajco  up  2  atom«  of  a  monail  or   I  atom  of  »  4j 
^IHr"*"*.  forming  cumpouuds  like  the obloride,  AB^{CU^)^C\^^='Z.\i(CU^yfi 
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and  the  oxide,  ASj(€rH3),0,  in  which  the  arsenic  is  triTftlent ;  or  again,  G 
aUnnii  of  n  monad  nr  H  nUmia  of  u  dyail  lOument,  forming  ooni[>on]idB  like 
thf  tricliliiridt',  Aii,((.-!l,),ri^  ^  2.\(*(ni3)^Clj,  in  wliich  tli«*  ar»«*nie  ix 
^qiHiKinivaleiit.  Tiu<«t*  uist-mcutionod  bodies  are  the  mi>Ht  staMu  of  all  th« 
U'odyl  e(iiii{Kiund8. 
i'llffwiyf  t'liloritlr  or  Ar»rn-chtontfliiMrtJii<ir,  As(<'Hj),(.'l,  IS  ohtAin(*d    by  dlR- 

illing  alkurriin  with  stnmj;   liydnnliloric  add«  or  better,  by  raixinj;  thf 

Ilut«f  alut.>lioUc  M4»lutH>iid  of  alkarsiu  ami  uurcurlo  chloride,  di»>tilliiiK  thu 

jaultiu)^'  precipitate  of  t'aooilyUt:chlorotnerouraU>,Afl.(rH3)^0.2Hg('l,,  with 

rvry  tftrotig  liydriKiblorio  acid,  and  di^e)«t)ii|^  tliu  fllstiltat**  fur  Bvvurnl  days 

in  a  ti<*nb*<i  bulb  appiirntuB  with  calcium  chhiridr  and  (j^uicklimc,  and  finally 

dititiUiiit;  it  in  an  atuu>iipbero  of  cartiun  dioxide. 

Cai^xlyl  chloride  iti  a  (.-adorlcss  liquid  which  doen  nut  fume  in  tlit^  air,  but 
t'railH  nn  iiitcnik-ly  poiHoiioun  vnjKir.  It  ia  heavier  than  water,  innolublc 
in  thftt  liquid  and  in  ether,  but  easily  sulubU-  in  aUx^hul.  The  boiling 
point  of  thiM  compound  is  a  little  abor«  10()^  C. ;  Ita  Tapur  is  oolurl^flo, 
sponttuieomily  indammablo  in  the  air,  and  has  a  density  of  4.5(1.  Dilute 
nitric  acid  ditmolveH  the  chlurido  without  ohauge  ;  with  the  ooiiwuirated 
acid  ignitiim  and  uxploHJon  occur.  Cauodyl  chloride  oumbincH  witli  cuproUA 
chloride,  forming  a  white,  insolublo,  cryiitallino  doublu  salt,  containing 
As,(C'Hg)jCI,.CUjCl, ;  aLso  with  cao4wIyl  oxide.  It  forms  a  thick,  vincid 
hyilralc,  eoiiily  tiehydratod  by  calcium  chloride.  Vncodyl  fnrA/onVo, 
A»(C1I,),C13,  is  produced  by  the  acliuu  of  phoaphurus  pentachloride  on 
oaoodylio  acid : 

Aa(CHO,0(OH)    +     aPCl.    =    A8(CUs),Cl,    +    2P0C1,    4-     UCI ; 

also  by  the  action  of  olilorine  gas  on  tho  mnuochlorido.  Prepared  by  Die 
first  method,  it  forms  splendid  largo  prisniAtic  t-rystals,  which  arc  instantly 
dt!com|>na«td,  bt-lween  4lP  and  5lN  C.  (1U4-127'^  F,),  into  methyl  chloride 
and  arucu-muuomcthyi  chlurido : 


A8(cii,),ai 


CII»C1     +     AsCCiyCl, 


Cacodiff  lofiide,  Ab(CH,)J,  >8  a  lliin,  ypllnwish,  heAvy  liquid,  of  offenslTe 
oilor.  prepared  by  diiittlling  alknrsin  with  strong  solution  of  hydritNlIc 
acid.  A  yelliiw  crystalline  oxyiodidc  itt  formed  at  tlio  same  timo.  Caeod^l 
bromitie  Hiitl  jluoriiie  have  also  been  obtaine<I. 

f  'ncfulgt  Ci/iiniflf,  A«((_'H3),CN,  18  easily  formed  by  distilling  alkarain  with 
strnn^'  hydrocyanic  acid,  or  mercnrio  cyanide.  Aliovo  'S3P  f.  (91,40  F.),  it 
is  n  colorlt>t(5,  ethereal  liquid,  but  btdow  that  temperattirt*  it  crystallizes  in 
colorlirss  four-sidMl  prisms,  of  beautiful  diamond  lustre.  It  bolls  at  about 
144K3  C.  (2H4^  K.),  and  is  but  slightly  Hohible  in  water.  It  takes  fire  only 
when  heal«*<l.  The  va|>orof  this  subittance  i»  most  fearrully  poisonons:  the 
atmosphere  of  a  room  is  said  to  be  so  fnr  contaminat(.>4l  by  the  eva)x>ration 
of  a  few  grains  of  it  as  to  cause  instantaneous  numbness  of  the  hands  and 
feet,  vertigo,  and  even  nnconsciouaneea. 

Carottt/i  Oxide,  As,(CHj),(l,  is  funned  by  tho  slow  oxidation  of  oacodyl. 
When  air  is  allowed  acows  to  an  aquenuif  solution  of  alkarstn,  so  slowly 
tliat  nosenfiiblu  rlso  of  temperature  follovra,  that  body  ia  grmlually  cMm- 
verted  into  a  thick,  syrupy  liquid,  full  of  crytitulu  of  cncodylio  wid.  On 
dissolving  this  maA»  in  wnt4<r,  arui  distilling,  water  linvtng  the  odor  of 
alkarsin  passes  over,  nnd  afterwanU  an  oily  liquid,  which  is  the  cacudyl 
oxide.      Impure  cnc<Mlylic  acid  ninanis  in  the  retort. 

Cfluodyl  oxide,  puriUed  by  rectiflcjition  from  caustic  baryta,  is  a  colorless, 
oily  liquid,  liaving  a  pnngenl  odor,  sparingly  soluble  in  water,  snli.jifving 
at— 25^  C.  (—130  F.),  and  Iwiling  at  15yo  c.  (3*)2f^  F.).     It  strongly  re- 

mbles  alkarsiu  in  odor,  in  its  relations  to  aolvvnta,  and  in  the  gn<iLt«<r 
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number  of  lis  r««ctioiis  ;  but  it  neitlior  fumos  m  tlie  jur,  uor  tak^ 

ooinmnn  tomptraltirrs  :  its  vaporuixod  with  air,  aud  Ut^au^l  Ui  aIkiuI  B$^i 
(li)0.4^  h\),  trxpluUeit  Willi  violence.  It  dibsolvi's  in  hydroi_hlorio,  hvdrobro- 
inic,  Aiul  li/tlrimlic  aoi^ls,  fonning  t-lilnride,  bromide,  .imi  imljdu  of'tw 
i'acoJ^  tiioxidf,  Ah,(CHj)^0,,  is  the  tliick  syrupy  liquid  prcxluccxi 
slow  oxidation  of  cacod>l  or  uf  alkarB)n.     It  in  liei^oiiiiioiiiTd   Uy  \rtiU 
thi^n  yields  adifitiUato  of  oiwodyl  mouoxide^  with  a  it^iduo  of  cuuMdrUc 
acid: 

2A»,(CH,).0,     +     H,0    =     As,(ril,).0     -f.     2Aa(CU^,0(0H). 

Caroflglif  OT  Diineth^Uarsenic  Atul,  ii'(v>Ab^        ,  also  called  Alien 

■^This  i»  thf!  ultimate  produrH  of  tha  Action  of  oxygt'n  nt  a  Inw  tcni 
ture  upon  facodyl  oralkarHiti  in  prosenoe  of  water  :  it  is  l:H*8t  pr**pir«*il 
mlding  mercuric  oxide  to  alkamin,  voveri*d  with  a  layer  of  water  and 
flcially  i:ooltHl,  until  tlit*  mixturn  Ioahs  all  odor,  and  afterwards  dt'cocn 
iug  any  rourciiriu  caLodylate  that  may  have  been  formed,  by  IIih  cauti 
addition  of  raoro  alkar»iii.  Tlie  liq^nid  yi**UU,  by  ev«]H)ration  todryaesw 
Bolation  iu  alcohol,  vrystalfl  of  ijao<Klylio  acid.  The  ttulphide  and  ot 
compounds  of  c:-.iL>odyl  yivid  tht*  tiame  ttubidauot*  on  exposure  to  air.  C 
dylic  acid  furius  brilliaut,  coIorl*tra,  brittle  cryfltuls,  which  have  th 
of  a  modified  vquare  prism  :  it  is  permanent  in  dry  air,  but  deliqncfl< 
in  a  moist  atmrwtphere.  It  is  not  at  nil  jmiaonoua,  though  it  oontaina  i 
than  60  per  cent,  of  arsenic.  It  is  very  soluble  in  water  and  in  alni! 
but  not  in  ether:  the  solution  has  an  aoid  reaction.  Wheu  uiixtKl  w 
Jilkalies  and  evniMirHtofl,  it  leaven  a  gummy  amorphoiiR  m»j4.4.  With  the 
oxides  of  silver  and  mercury,  on  the  other  hand,  it  yields  crystalliza 
oom;H>undfl.  It  unites  with  caoodyl  oxide,  and  forms  n  variety  of  co: 
nations  with  metallio  walta.  Cncodylic  acid  is  exiveiiingly  etnhlc  : 
not  affected  by  reii  fuminfj;  nitric  acid,  uitromuriatic  acid,  or  even  chn 
acid  in  solution  :  it  may  he  boilol  with  thette  sul>stances  without  the 
change.  It  is  dooxidiziKl,  however,  by  phosphorous  acid  and  stanuoas 
chloride,  yielding  cacodyl  oxide.  I>ry  hydriodio  acid  gas  decomixweH  it, 
with  production  of  water,  oucwlyl  iodide,  and  froo  iodine.  With  dry  hy- 
drnehlnric  acid  gnu,  or  with  tbe  eoiH'eiitralt'il  aqueuUH  acid,  cacudylie  aci<l 
unites  directly,  forming  the  ix«n|K>und  Ah(CII,),Oj11.H("1.  But  by  ex 
ing  carodylic  aiMd  for  a  long  time  to  a  Btrt^am  of  iiydrochloric  acid 
arsen>monom  ethyl  diclurido  is  obtained,  togethe-r  with  water 
methyl  chloriile : 

3HC1     =     AsCCHJCl.    +     2H,0     + 


the 

I 


As{CK,),0,H     + 


CH4C! 


Phosphonts  pentaehloride  converta  caoodylio  add.  into  caoody lie  tridili 
(p.  Gi3). 

CaciMii//  Sutjthulti,  Afij(CU^)^3^  in  formed  hy  adding  barium  sulphide  to 
crude  caoodyl,  nr  hy  distilling  barium  «olphydrnto  with  oacodyl  ohloi 
It  is  a  tninspartMit  liquid  whtrh   rfLtins  itt;  fluidity  at  —41'^,  and  boil* 
ft  temi>eratnre  cnnsiderahly  almve  10*<>  C. 

Cavmtyl  tiisulftfiu/e^  A8.,(CII||),S,,  is  formed   by  the  action  of  sulphur  on 
o&OtHlyl  or  tbe.  moiujtiulpliidf,  or  by  treating  eaooiylic  aoid  with  sulphur- 
ett«d  hydrogen  in  a  vessel  externally  cooled.     It  sejiaratos  fnnu  the  so 
lion  in  large  rhonibio  cryrttnU.     ItA  ak-tdiolio  sulntion  yiehU  with  vari< 
nitftaUio  solntinns,   prcelpiKites  LionuiHting  of    salts  of    tbiooaondy 
acid,    A9(('H3),S(^^II),    analn|;oua    to   cacodylio   aoid.      The    load    salt, 
AB,(CHj)4S^rb,  forms  bmall  white  crystola. 


r  on 
liur- 


Arsenmono methyl,  Ait(CH|). — ^Tliis  radicle,  which  Ib  not  known 
tbo  separate  state,  la  uitBer   bivalent  or  quadrivaUnt.      Ita  tiiMvr ' 
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A9(rH|)C1,,  is  produced  ^tlhur  X*y  the  droouipo»itioii  of  cuood.rl  triohloride 
by  h«at  :  A»(L'Hj)j('l,  ■=  A»(l'H,)Clj  +  t'H.C!  ;  or  by  tlu«  iirolimgwl  luntuu 
u(  hytlriHihluric  auicl  ou  cacodylic  AciU.  It  is  a  t'olorhiw,  lif^vy  nmliilv 
liqiii<l,  having  a  strong  reduniijiC  ikimtit  :  it  UuU  at  VSS-  i.\  (271,40F.>. 
Its  vAftor  rxertfl  a  nuMC  violi*iii  artiun  cm  tliv  muiious  luouibrniivs ;  on 
BinpUitig  it,  th«  ryt-s,  uu«u,  and  wbnli*  ftwe  bwi'U  up,  and  a  peculiar  lauci- 
Batitig  paiu  ia  h'\i,  vxtending  down  U*  tUe  titruat.  Tbv  MrarMtrritiB^ 
Ab(C|)^C'I|,  in  nlilaiTif<l  in  lurg»  cr^filJilii  hy  pafu^iug  chlorin«  ovMr  a  mix- 
ture of  the  diuhluritJt*  and  u&rUm  lii^ulpliid*'  iXHiled  to  — 1(P  C.  (14^  F,). 
It  i»  very  uDfftaMe,  dn'oinpo^ing  cvtm  tirar  <^-  into  methyl  chIond«  and 
ATBi'iiioua  chlnriiir,  A»C1|.  Thi*re  U  aLiM>  a  chlorobromidtr,  A8(CU|)ClBr, 
and  a  di-iodidv,  A>><CH2)I,. 

Thi*  QTitie,  Aa(Cng)0,  obuined  by  d^TomTH^ing  the  dicbloride  wilb  po- 
tassium carbonato,  forma  larg(!  uubival  rryatalnt  soluble  in  water,  alcohol, 
and  pther,  and  r(!«olvMi  by  distillation  with  putaith  into  antonioiu  oxide 
and  cacodyl  oxide :  4A»(l'H,)0  a  ABjO,  -f  Aa,(CH^^O. 

ArMnmeth^iic  Acul,  As(rn,)i.><Otl)^  is  ulitaiutiU  as  a  ailver-aalt  by  d»- 
coroiwsing  ameiimKhyl  ^lichUtride  wilb  a  Hiigbt  vxoum  of  Rilver-oxldc  ; 
and  thiA  aalt,  duvioiniHmfd  by  tiiilphuric  acid,  yields  the  acid,  whivh  rti- 
uiniiiM  oil  ••vaiM>rali'>[i  in  tin-  roriii  of  a  lAminatM  uiaHa.     It  in  bilioaic. 

Arifumfthijt  sttljthidt^,  A'>(<'llf>S,  is  obtainctl  oB  A  white  uaBS  by  pasaing 
hydrogen  »iilphido  uror  the  dirbloride. 

On  LV>iuparing  the  combining  ur  tfjiiiralent  ralues  of  the  several  arecn- 
Ides  of  methyl,  it  will  be  (teen  that  they  all  unite  with  elementary  bodie* 
and  eompouhil  railiulen,  in  sucti  pri>j>ortiun(t  Od  to  furui  uonipotinds  in  wbiuh 
the  arsenic  is  cither  Irivaleni  ur  quinquivalent,  the  Uist-mtutiont<d  com- 
pounds  being  by  far  the  luotst  &tiiblu.      ThuB  : 

Arseiimonnmetbyl,  Att(ClI,),  in  bi-  and  quadri-valent,  formnig  the  ofalo< 
rides  AB(<;H,)n,  and  AbCCIIj)!;!^. 

Anten<linirtbvl,  AN(('H,)y,  in  uui-  and  tri-valeut,  forming  the  chloridn 
A9(CHj),CI  and  AH<CMj>,n,. 

Arsetiirimetbyl,  A»(t'Uj)„   la  bivalent  onl/r  and  furtna   the  chloride 

A8((;ii,>,(M,. 

ArrfKiittinifthyliiim,  or  Tetr»nu<tliylarBonium,  Att(CUj)^,  id  univalent, 
forming  tiie  uhloridu  iift{CH^^C\, 


4 


AKTI MOST-BASRA  OB  8TIBIXKA. 

Of  thew  only  the  tertiary  baaei  and  tlie  corresponding  stlbonium-oom- 

ponndi)  are  knhwn. 

Triethylatlbine  «jr  Stlbethyl,  Sb(rjT;),.  is  obtained  by  dia- 
tilliug  ethyl  iodide  with  an  nlbty  of  aiiliiitnny  and  polnMsiura.  It  la  a 
trauHparent,  very  mobile  liquid,  having  a  penetrating  odor  of  onions.  It 
Uiils  at  ITiHO  C  (13t>.4C>  K.)-  In  contact  with  atnioNpheric  air.  it  vmitu 
a  dencK*  white  fume,  and  frequently  er«'n  takes  fire^  burning  with  a  white 
brilliant  llame.  It  is  analogous  in  many  of  its  reaetlons  lo  trietbylnmino, 
but  bus  luiii-h  mt>re  piiwerful  combining  t^fOdfUcies,  uniting  reatiily  with 
2  aiutiti)  of  chlorine,  bromine,  or  iodine,  and  1  aluni  <if  oxygen  nr  Bulpbur, 
llii*rel>y  fnnning  compounds  in  which  the  antimony  ia  quinquivalent, 
Buch  oa  SMCjHs)/'!,.  .SbCrjH^)/),  etc.  The  hnrae  tendency  to  act  aa  a 
bivalent -radicle  is,  however,  exbtbit^Hl  by  trietbylamine,  which,  though 
it  doea  not  unit*  directly  with  elementary  IxKlies,  can  nevertheless  take  up 

moleonlo  of  hydrogen  chloride,  ethyl  iodide,  etc.,  likewise  producing 
ipounda  in  which  the  nitmgen  is  quinquivalent,  f-g-^ 

N(C,na),Ha,     N(C,iy.(C.H»)I,  etc. 
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StittHht/i  oTu/r,   ab(C,H4)jO,  forms   a  vtscid,   traus|>arFnl,    bUt4*r, 

poimnioiis   tuattf),  RulnltLf  iu  wattft  aud   aliriiliol  ;  not  vnlnlile    without 
c<ini|Mwitinn.     Tr<*At«Mt  with  aritU,  U   furiiui  rr/Ktaltixnlilt-  saltji  oantAi 
2  imileoules  of  a  monatomio  or  1  mnlecnlt*  of  a  liintomic  acid  radielt^,  » 
SHCfH^)^(Si\),.  St>«',n,),8(  V  <'t«.     TUv  ml^hidr,  i5b(C,H4)aS,  foruis  I 
tifiil  or.vstals  of  silverr  luolre,  soluble  in  wati*r  aud  alcuhol.      Tlu-ir 
is  biCtiT,  and  tlifir  rwlnr  similar  to  tliat  of  m<^rpaptan.     T\it^  aoluUon 
tliift  coinpotiiid  I'xItibiU   the  dt>iMjrtiiu>iit  of  aJi  alkalinn   ualpliidf  :    it  ui 
(lipitati-M  lat'taU  from  tb*'ir  Kolutiuuii  as  Hul|)liid)>H,  a  (utlublo  salt  uf  Htilit't 
iH-'ing  fornifl  at  thy  same  time.     This  d<'iM>rtiu»*iit,  indeeil.  afTonlA 
tiiuiploHt     mi_*ans    of    prt'pnrinK     t!io    aalta    of    atibothvl.       The     tJiLtn 
SI»((!,H|),(*lj,  ifl  a  folorlt'sa  liquid,  having  tho  odor  of  turpentiiiv  oil. 
UMtidty  Sh(C,M^),Ig,  fonug  cohirU-asi  n^edli>a  of  Intuuiiely  bitter  tast«, 

Tb<?  analogj?  of  triethjrlHtibine  to  trit!ihjlainint>  is  Iwst  vxhibit«>d  in 
deportment  with  ethyl   iodide.      Th*^  two   Hubstancus   combine,   formi 
tctri'thy  liitiboni  urn   iodide,  t?b(C.jH5),l,  fnnn  whUh    nlver  oxi 
separatfH  a  powerful  alkaline  base  analogous  to  tetretliylammonium  bv- 
dn^xidu ; 


Sb(C,H,)^On. 


A  aerictB  of  analogous  substances  exists  in  the  mothrl  series.     The/  ha 
been  examiucxl  hy  Laiulolt,  who  hati  deticribed  several  of  thtrir  oompoand^ 
and  aeparuti^l  thu  uiethyl-aatlmony-baso  analogons  to  tetramethylammo- 
uinm  liydratu. 

The  iotiidi',  .SbCCII,)J,  proriuced  br  tlie  action  of  methyl   iodide   upon 
trimeiiiylstibine,  tib(riij)|,  crystallizcit  in  white  i^lx-sided  Uiblrji,  ubu-h 
are  uaaily  soluble  iu  water  aud  alcohol,  and  alit(hlly  soluble  in  ethi*r. 
haa  a  very  bitter  taate,  ami  is  dectim]K»s««d  by  the  action  of  heat.     Wh< 
treated  with  silver  oxide,  it  yieltU  a  ]H)Werfully  alkaline  solution,  cxbi 
iug  all  the  properties  of  potash,  from  wtiicb,  on  evaporation,  a  whit«  erys 
line  mai4s,  l\\t>  hydroiiJc.  of  tpiramcthtfhtihomuin^  Sb(CHj)j(OH),  crystaUix> 
This  ooiapouud  forms  an  auid  saipUato,  iJb(CUg)4S04U,  wUioh  oryst«lUsag 
in  tables. 
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Blamethyl  or  TrletbylblBmnthinOt   Bi(C,H^„  an&logona 

in  ot*iitp«isitiiMi  to  triethyUlibiiK'  aud  triutliyUr&iuu,  is  formed  by  the  acliol 
of  ethyl  iodide  on  an  jdloy  of  biHumtb  and  putassiura,  and  is  extraoti 
from  the  residue  by  ether.     It  is  a  yellow  liquid  of  siHH:i0e  g^ravity  l.^J,"! 
has  a  nuMt  nauseous  odor,  and  emiU  vapors  whi<:h  take  lire  in  <Niiitnet  with 
tbti  air.     It  unites  with  oxygen,  chlorine,  bromine,  iodlue,  aud  nitrio  aoicU 


DIATOMIC  BASKS  OF  mS  FHOBPHORItB  AXD  AB«nriC  SUtlBS. 

e  nction  of  etbene  bromide  on  trIethylphoRpblne  pives  rise  to  thW 
inatien  "f  two  orystallim*  bromides,  aeronliii;?  to  tVf  pro|Mjrtions  in  whio! 
the  sultttancps  are  brouj,'ht  in  ronlAct.     Thefle  hn:tmidfj<  are  C,^II,,rBr, 
(*^i"ft)»I*  4-  <^i",Br,  and  r.jrj'.Hr,  =  2(r,H,),P  +  r,n,nr„.     Tlio  first 
these  compounds  is  the  bromide  of  a  phfwphouiuin  in  whieh  3  ntoms 
hydrogen  are  repla^wd  bv  »dhvl  and  1  atom  by  the  univalent  radiclr  bro- 
mnthyl.  C,H,Br.namH!y;[(r3H,Br)(C,n,).P]Br,     Half  the  bromine  in  thi« 
salt  is  unjiffeel«-'^l  by  the  aetion  of  silviT-salts  ;   it  may  aceordinp-ly  b<^  deni 
nated  as  hromuU  of  brtyMrfhtfl-trirthiift-phttsphoaium.     Numerous  salts  of  ih 
compound  are  known,  but'  the  fr<H'  h.i«.'  mnnot  be  nbfaim-d.  (dm--  bHv 
oxide  elimiiifttns  the  Intnnt  bromine,  v"''-'*"!?  rise  to  the  fornmtion  nf  n  bn 
containing  [C^Hi(>><Cjn4),P]0H.     The  9Lx*ond  compound  ih  th-  .librnmr 
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of  efAaw-AcMtAy-^i/iAM/iA'Hiium  [(C,Hj(r,Hf)gP.]Br,.  Thm  radiclf^,  aiiAln. 
gnufl  U>  diatuinoninm,  N,H,,  furms  a  B«*ri*«  of  THr,v  dtAble  lud  beautiful 
salta,  M'pcoiallv  nu  iudidt*.  which  is  diffioullly  Aoluble  in  water.  In  all 
thi^o  iialta  the  baNL%  vvhiuli  id  coiupofi4.il  of  1  at^fiu  of  cthflii!,  ti  atoiiiH  i»f 
eth,vlf  and  2  utotiiti  of  phutfpboruii,  in  united  with  If  cquivaU^nts  of  univa- 
lent acid  radicii; ;  the  platinuin-salt  (xmtaiua  (('jH,)((',H4)gP,Br,l*tC'l4. 
The  very  caustio  and  stable  batw  baa  the  compoeitiun  ((CiH^XC.Uj,),?,] 
(OH),. 

Thf  dihromidtt  of  ethi'inv-ht^xt^tbyl-diphrKtphoninm  may  l>e  formed  by  the 
a<rtion  of  triftbylpbuttphiue  upou  tbe  broiuinatfd  bromide  which  Uw  Ihimi 
mtMitioncd  as  tht*  first  product  of  the  action  of  dthene  dibromidt»  upon  Iri- 
ethylphoaphine  :  <-'BH„l'Br,.(C,Hj),P  s=C„H„P,Br,.  If  the  trit-thylpbos- 
phint*  be  replaced  iu  this  prouL'SS  by  ammonia  or  by  moiiniuiiifs  in  gfucrnl, 
or  by  monaniUicfl,  an  almoHt  nnlimiti'd  aerit.*a  of  diatomic  «aliii  may  1h> 
form(*d,  io  wbiub  phosphorus  and  uilrogtio  or  pbutipliuruii  and  anivniv  are 
associated. 

Thus  thu  aetion  of  ammonia,  of  ethylamlne,  and  triothylarsine,  givos 
rise  re9p<>ctiv0ly  to  thu  following  uompouuds: 

Dibromiile  nf  KthAni>-triethv1- 


phoHpbammoutum  .  .  . 
DlbroiuidoofKthvuv-t^trethyl- 

pbouphamnionium  .  .  . 
Dibrouiidouf  Ktltunu-ht*xuthyl- 

phoHpharikfUiuu       •     .     . 


[(C,H,KC,H,),H,PN3Br,. 
l(C,H,)(C,HO.U,P>']Br,. 


Trnatod  with  silver  oxide  those  bromides  yield  the  rery  caustio  diatomio 


Hydroxide  of  Rthono-triothyl-  ) 
pliotiphammouium     .     .     .    f 

Hydroxide  of  Btbeno-tutrethyl-  t 
phosphammon i um     .     .     .    > 

Hydroxide  of  Etheno-hexetbyl- ) 
phunphanionium  .     .     .     .    | 


C(C,n,)(C,R,).H,PN](OH),. 
[(CVU(C,H,).ll,PN](OHV 
[CC,U,)(C,Hj^,PA9](0HV 


The  araeniu  baaiv!*  when  submitted  to  the  action  of  ethene  dtVromlde, 
give  ri»e  to  p4<rfeutly  nnalngous  resnlts.  The  limits  of  this  Manual  wilt 
not  permit  us  to  examtue  those  compoands  lu  detail. 


OROANO-BORON  COMPOCNDS. 

Borlo  Trlethldo.nrBorethyl.  B(C,U,),. '»«oovered by Krank- 
lau.l,  U  oblainwi,  together  with  ziiia-«tboxiae.  by  treating  triethyiic  borate 
with  xinc-ethide : — 

B(OC,n,)s     +     3Zn(C,I!.0,     =     aZnCOC^H^),     +     BCC^Hj),. 

Tt  ifl  A  cnlorlofls.  mobili*  liquid,  having  a  pnnpent  odor,  >">**i'"^  *'»• 
ores,  of  8p.  gr.  (\.fM  at  230r.  (7X40  F.),  an-^  boiling  ut  J»50  (.(«(iJ-  K.). 
Bt.rnthvl  U  ins^.lublf  in  waltT.  but  ycrr  slowly  det«ompo«*Hl  when  U-n  In 
prolonj^iMi  t-imtact  with  it.  ^\^len  exix**-"!  to  th*-  Jiir  it  tak^s  nr*",  burning 
with  a  IwButiful  green  and  sr-mowliat  stnokv  llanie.  It  oinibitica  with  ni»- 
moiiia.  fonning  the  compound  NllvBK'jf-.).-  "/  ''^•^  gradual  aetion  of 
dry  air.  and  nltimat.dy  of  dry  oxygen,  bor-lhyl  is  converted  into  thi^  di- 

elhylic  ether  of  ethylborie  acU,  (<;|H4)B<[![:'[I^  ,  *  liquid  bcAliug,  with 


4 
4 
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■  partiAl  decompoBitUm,  betwiMin  95"^  and  ll&OC.  {'203^  aud  2390  p.),  but 
dUtiltiog  uuchAiigiMl  uiidt^r  reduc«d  preaaure.  In  coutAct  vrith  wa.t**f- th» 
liquid  lA  iiuiu*:«lmtely  trauBfonu«d  iiiUi  utb.vlborio  ftcid,  ((-',H|)il(OH),.  ■ 
OihorieiCthv/trntethoxidf*  (or  Iitlioi«'UtPt>iyUU'),B,((.' il ^(OCJli),/ 
in  ftiniiRd  hy  heating  2  moleoiUeH  of  twric  other  with  1  molecule  oiubc 
Dllilde  :— 

tit  is  B  oolorU-as,  ranbUe  liquid,  Uiiling  &t  olwut  120O  C.  (i48C  F.),  n 
eontli-nsing  unchangt'd.  its  va^wr-deusily,  takuu  betwewu  114^  and  liil 
C.  (237.2';'  ami  a4«'*  F.).  J-**  ^i*  C^I  =sl),wliich  re  pr**atnU  a  ft»ur-vulume  wi 
dt^nsnlion,  Indicatiug  tlta.t  the  compound,  in  pa&diiig  frum  tUu  liquid  tu  tl 
saBttous  state,  is  brulctiu  up  iuto  liiutUylic  etli^lLxjratt!  aud  burio  olbtT  :^. 

tjnst  aa  Dal-ammoniac,  NH|C1,  iii  resolved  hy  heat  into  NU,  and  HCl.  vhiol 
togHther  iH.'cnpy  four  volumuH  of  vapor  (p.  21K>).  A  aimiiar  deportnit-iit 
exhit'itud  by  auiuutniol)orio  mcthidtt,  Nltlj.UCCUj)^,  which  is  ri>Bulvud  bj 
heat  iutu  Ml,  and  li(CUj)j,  thu  mixed  vapor  rceiuUing  from  the  d<x»iu| 
Biliou  baviiij;  aluo  a  four-vuluuiu  cfiuduutjalion.  These  results  ri'uder  it' 
probabLu  that  the  couipoumls  under  couHidoratiou  have  a  coitbtitutiuu 
analogous  to  that  uf  tht*  ammonium  salts,  aud  that  boron,  though  geutt--, 
ruH/  triodic,  uiay,  liku  uitrugeo,  entur  into  oombiuatiun  alau  aa  a  |K!uta<: 
Ou  thiH  viuMT  the  iMjuiititution  of  ainuinniulmrie  mcttiide  and  diburio 
pentetlioxidtf  may  bo  repredeutod  by  the  fuliuwing  formuls  :— 

^^  B(CU.),  B(OC,H,), 

^^^^^K  AminoDinborld  Dtborio 

^^^^H.  Diothtilc.  Elboivcntethoxlile. 

^Il^ontaot  with  wator,  dlboric  elhopentethoxide  is  immedialelyd 
into  borio  acid,  etiiyl-buriu  acid,  aud  alcohol ; — 

B,(C,IIi)((>C,n,)4  -h  OII.O  =  B(Oll},  +  (C.II0B(OH),  +  5C,n»(OH). 

Boric  Diethyiethoxitiet  i^'t^i)i^(0(\M^),  ia  produced  by  boiliu| 
Ituric  ether  with  2  muloculos  of  liuu  uthidu  ; — 

B(OC,H»),    +    2Zn(C,Uj^),    »    2Zn<^|!|^^    4.      (C,H0,B(OC»H,). 

When  pnriSed  by  diatillntion  in  an  atmosphoro  of  carbon  dioxide,  it  1% 
a  colorless,  mobile  pungciil  li.}iiid  l»i.ilinii  at  Ki20  (*.  ('Jl'.!."^  F.),  and 
having  at  135. 5*^  C.  (27S.lt'J  F.)  a  vaimr-ih-nsity  of  f.ll.ft  (II  =  1).  iml 
oatiug  a  normal  Iwo-volume  oon-lvnaalion.  U  takoH  fir#»  in  Hip  air,  an f 
bur»«  with  a  grwn  llame.  Kx|mw«I  to  drv  air  and  then  to  oxygen,  it  oxi- 
diztw  l«  boric  etliyhKlic'lhoxido,  CC,H.)nc6r,!I^),. 

Boric  DiftKifihfffiroxffie,  (CjHO-B^^^n).  formed  bv  a«itatinjf  boi 
diethyl-ethoxide  with  wat«'r,   is    a  tipontam-onslv    Inflanimabb.   ethei 
liquid,  resembling  boric  ethidc,  and  det-omjMwing  whon  diRtillfd. 

Horic   Efhifl-hytiroxethoitititt,  (C,Hi)B<[J^*"»  ,  i«  formtnl  by  «t. 

posing  the  last  compound  in  a  cooUmI  ve^SMl  lo  a  slow  rnrr(>nt  of  drv  air. 
It  iti  liquid  at  ordinary  ti'mpi'ratnrfR,  bnt  stolidifiea  bulow  HO  C.  (4ii.4^  F.)| 


I 


k 


•  Thin  anri  thr  rollnninff  cvrnpoimdii  hftvn  quite  recently 
FraDkland  (Proo.  Itoy.  Soc.  1836,  vol.  xxv.  |<.  IMK 
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to  A  white  orjrstaUiDe  body  smelliDg  like  borethide,  and  having  a  pungent 
tjuto.    It  18  rapidly  detsompoHed  by  waUir  into  etbylboric  avid  and  alooUol: 

(CjUJUCOUKOC.Uj)  +  H,0  =  (C,Us)B(OU),-|-  CAOU. 

It  is  not  spontanpoosly  inflammable,  and  cannot  be  dlstillod  under  ordi- 
nary atmotfpbi<rio  proumire  without  deoompoditiou. 

Boric  Trimethlde,or  Bor-metbyl,  BCCH,),,  obtained  like  th« 
9tlivi-cum]xiiiiid,  is  a  culorlfsitt  ga^,  wliicb  euiuLt'Udi'e  tu a  liquid  at  luw  tom- 
peraturoa.    It  miitea  with  ammuuia,  luriuiug  thu  compound  Upi— B(Cli,),. 


OKOANO-SILICON  COMPOUNDS. 

Bilioon  is  a  tetrad  element,  and  forms  with  alcohol-radicles  compounds 
bearing  a  very  close  analogy  to  the  hydrooarbona. 

Biliolo -Tetramethlda,  SKCII,)^,  is  produced  by  heating  slU- 

oou  tvtrachiurido  witli  iiuc  iiiftliidL' : — 

SiC\    -f-     2Zn(CII,),     »     2ZnCl,    +     SKCII,),  . 

It  is  a  mobile  liquid,  which  boilft  at  3(P  C.  (86^  F.)^  \n  not  decomposed  by 
water,  and  ruactrt  generally  like  a  hydrocarbon,  viz.,  l«traioetbyl-metbanoi 

Biliolo  Tetrethide,  St(C,H^),.  prepared  like  tlio  methyl-com- 
|KiuuU,  is  a  liquid  builiug  at  153C>  (:.  (3(i7.40  F.).     With  chlorine  it  yields 

the  monocblorinated  derivative,  8i  j  ^^^^1*' ''**'*''*  *"'*^  *'  185OC.(305O  F.) 

and  reacts  exactly  like  the  chloride  of  a  llydr^c^arbon,  being  converted  by 

pfjtasjiium  acetate  into  the  acetic  ether,  Si  4  V|.  }^|U  |.  Q.     which   boils   at 

2110  c.  (411.80F.),  and  is  decomposed  by  alkalies  into  soetio  acid,  and  an 

alcohol  having  the  oompoeltinn  Si  |  f^^ft   A^r  -     T^i"  alcohol  is  a  liquid  iu- 

solublo  in  water,  and  boiling  at  WtiO  c.  (3740  F.)* 

Silicic  t(?trethido  and  itn  dfrivntivpfl  may  Iw  rpgarded  as  nonyl-compmauU 
in  which  1  atom  of  carlKin  ts  ri'plaeud  by  silicon  ;  thus  : 

8i(CfH^)4  =a  tiiCfll^ Bilioononane, 

^'|(^^fu?i'  °  8iCgII,.Cl    ....  Silicononyl  chloride, 

^'{cXo'c,H,0  ^  SiC„n„<O.C,H,0)     .  '<         aopUte, 

^^{r^H^COH)  ^  SiC,n,,(On)    ...  "         aloohol. 

Ethylated  Sllfolo  Ethers.  —  Wltpn  normal  pilinc  ethor, 
8i(Or,II^)j,  is  hpAlwi  with  zim^-rtlirl  and  sodinm,  one  or  nil  of  the  ethoxyl- 
pronpfl  are  roplarod  by  othyl.  the  prr>dnrt  bftng  a  mixture  of  mono-,  di-, 
and  triethylated  silioic  ethem,  and  silidc  telrethide,  which  may  bo  sepa- 
rated by  Pactional  difltillntlon. 

Triethylsifirin  ethfr,  fCjHs),Si.(OC,n,),  or  SilfmUpti/l-rthyl  ftruft*, 
8ir,n,vO.C,Hj,  is  a  liquid,  of  specific  gravity  0.841  at  OO  C,  boiling  al 
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153^  C,  (307.4^  FO.  in»olu>»le  in  iriit*rr.  Tremtod  fritU  *«'<io  •nh.rdridr. 
U  jrields  &n  aootic  ether,  ci>uvorti  hit*  l>>  tht*  Action  of  [K>t«»h  into  t  r  t*v  t  b  1 1 
•  ilicon-hjdrozidct,  (C,Hj),Si(OH>,  mhWh  i%  A  t^irtijiT.r  silirie  »lfitlit< 
■naliigouK  to  trit5tli>'l-€Artniiii|,  nn>i  ia  1ii*iicc  rallfd  tr  let  h  rl -ftilirol. 
It  U  ft  oolork*«a,  oiljr  liquiii.  floioUukg  Uko  oftmphor,  inauJubl«  in  WftW, 
boiling  at  154^  C.  O09.>P  K.)- 

DittkyUiticic  etker,  (C,?Ij)^i(OC,n5)^,  tfl  a  frigrant  liqntd,  inwla- 
ble  in  wat(^r«  MUng  at  U5.!iPC.(3l2.40  K.),and  having  a  nrwHiGc  i^ravitj: 
of  U.S7(  at  OO  C.     Wht-n  bcatMl  with  acvivl  chloride,  it  jieltts  tbn  cnm 
pounda  (r,Ha)^i(0(,ll JCl  and    (r,H5)jSiaj.     The    latu-r    is    m   furai 
liquid,  boiling  at  14.*<0  C.  (2I*R.40K.).  and  converted   by  water   into  A\ 
etbyisitioio  oxide  (C,H4)^iO,  analogous  to  diethyl  ketone,  (C,Hj),( 

Monetkyl  aiticic  ether,  (CJL)Si(OC,H;)„  ia  a  llqaid  Bim>lling  li 
camphor,  boiling  at  159^  C.  (31S.^  P.),  slowly  de-coni^iosed  by  wat* 
Heated  with  octityl  chloride,  it  jieltl*)  eth^lHilicon  tricbloridvj 
(C,H^)SiCl,.  a  strongly  fuiutog  liquid  which  boils  at  l<Ki<^,  and  is 
TiTtM  bjr  water  into  ethylsilicic  or  ai  licofiropionic  arid.  C,B, 
8iO.OU.  This  acid  ta  a  white  amorpbons  powder,  which  smoulders  ava/l 
when  heated  in  the  air.&ad  diasolves  in  aqueotU)  potajtfhaud  soda,  furmiuf 
silioo-propionates. 


I 


ORGANO-MKTALLIC  COMPOrNDS. 


The  nnmi;  is  eapecially  applied  to  pomimiinds  of  alrnhol-rndiel*<s 
tnolals  Hut  IteloDging  to  the  pentad  group.  Those  containing  the  morr 
uietals,  Huvb  as  line,  are  fornie<l  by  the  direct  action  of  the  metals,  or  bet- 
ter, of  their  sodium  alloys,  on  the  alcoholic  iodidefl  :  «.  y., 


w!t» 


ZnXa-     +     5C,H,I 


Zlnc-aod 


a.     ^ 
dium. 


2NaI     + 


Zn(aB.), 
ZiDo  eihide. 


Tlinae  containing  the  leas  basic  mMalfi  (Lin.  load,  etc.)  are  produced  by  tb< 
action  of  organo-ainc  or  mercury -com|K>undif  on  metallic  cfaloridos  ;  e.  ^. 


BnCl,     4-     2Zn(C,Hs)- 


2ZnCl.    -f    SnCC^H^),. 


PotasBium  Ethlde.  CjTIjK,  and  Sodinm  E thide.  Cfn^Na,^ 

an-  known  nuly  in  lomhiiiatiun  itr  mixture  with  xino  i-lhide.  in  which  statai 
Ihey  are  ohtained  by  the  action  of  potaaaium  or  »<»iiiiiiu  on  line  ethide* 
The««  compouudt*  and  their  homologues,  discovered  by  Wanklyn,  hava 
played  an  im^iortanl  part  in  chemical  ayntliesis.     They  absorb  carbon- 
dioxide,  producing   saltti   of   the   fatty    acids: 

C^HjNa    +    CO,    =    r,n5.m,Na. 

Sodtucn  proploiMte. 
By  the  action  of  cnrbon  monoxidti  they  are  converted  into  ketones: 

2r,n,sa   -f-   CO   =   Nft,   +    (r,Ht),co. 

Magueslnm  Bthlde,  M^(r,ll^)j. — VDim  ethyl  iodide  ia  beatedj 
with  magncAium  lllingis  in  a  vessel  from  which  Ihi?  air  is  excluded,  uiagn^^^ 
aiam  athiodide  is  f«riiied  in  the  first  imttanco  arcorditig  to  the  equation  ; 


Mg 


-h    CA<    «    Mg<::i'^**«; 
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and  XhXi  oompoiuid,  wli«u  livaUHl,  in  raiolved  into  iodide  and  etUide 

Magnesium  ethidn  \a  a  lif]uiil  wliich  tukes  fire  spuutnueoualy  in  the  air, 
and  u  rapidly  deixnupoavd  by  water,  wilU  furuuttiou  ut  vlUuiiu : 

Mg(C,lI,),     +     11,0     -     2C,H,     +     MgO. 

Zinc  Bthlda  or  Zino*ethyl.  Zii(CjHj)^  ia  fonmHl  by  hvatlng 
Pthvl  iixUdo  with  liuc  in  u  Mmlcd  (^liisa  tula*,  or  lor  larger  quautitit-ti,  in  a 
strmiji  ami  wt'll-Llosi?<l  wippt-r  tyliiuUr.  Th«  reaction  takt-s  pliiot  iu  Hie 
8urm>  manner  as  with  magiUNiium,  xinc  flKi*Klidw,  Zn(C',Uj>l,  being  fornivd 
in  the  first  instanct*  aa  n  wlut«  oryalulliuu  luiutt,  wliiuh,  when  di»tillc<l  iu 
an  AtiiKicipherH  of  bydnigvn,  ia  ruaolrud  into  aino-iodidc  and  xino-elhide, 
llic  lfttt«*r  di-^tiUiug  ovit. 

Zino-othide  is  a  mobile  and  very  volntJIe  diHOgreeablo-oniuning  liqaid, 
bavins  a  8p*^ciac  gravity  of  1.182, 'and  Iwiliug  at  118^  C.  (^44.4-'  F.).  It 
tak»^  tiro  instantly  on  coming  in  contaot  with  the  air,  din'u«int;  white  fumes 
of  line  oxid«.  Wnier  iivotttuptKwa  it  viulfutly,  with  furwation  uf  xinu  hy- 
droxide, aud  ovolution  of  ethane  : 

Zn(C,H,),    -f     211,0    «-     Znll.O,    -\-     2C,n,. 

When  gradually  mixed  with  dry  ox^yvn^  it  paasca  tlimngh  two  stages  of 

oxidation,  yielding  first  slno-ethy  1 'Vth  oxidv,  Zn-j.  *.A      ,       and 

finally  sinn-f^thoxid«,  7A\iOC^\\.^)^.  With  iWr'nc  aiht  othiT  halogens, 
tbu  reaction  also  takt^ti  plac^  by  two  blngos,  but  oousiaUi  in  tho  auooeealve 
substitution  of  ihu  halogL*u  fur  tho  vlhyl ;  thus  : 


and 


Zn(C,(l,)I     +     I,     =     C,UJ     +     Znl,. 


Zlno  Methide,  Zn(CIf,),,  prepared  in  like  mnnnpr,  is  a  mobile  spon- 
taiitHMiJily  ifitlaiumabl^;  litiiiid,  which  b«>ilM  at  40^  C.  (114.bD  K.),  and  ra- 
seiiibUts  tliu  ethyl  compooud  in  all  Its  rcactioufi. 

Zlno  laopropldo.  ZnCC^H^),,  boils  at  14«o  C.  (294.80  P.).  Zinc  lao- 
pentide,  or  Zlno  amyllda,  Zn(CiH,,)„  boils  at  2200  c.  (42bO  i--.^,  una 
fuiuL'S  Mtrungly  in  thv  air,  but  do*j8  n'lt  tak«  flro  S(Kintant'OUflly. 

Tht'se  organo-xino  c^^mftounds,  diswn-on.'d  by  Frankttind,  are  Tery  im- 
{Hirtant  roagonts  in  organic  synthrftis,  «fnring  to  offset  ihp  BiihHtitiitinn  of 
th«  poaitivtf  radiolo  cHhyl,  fte.,  for  chlorine,  iwlinc,  and  other  negatiro 
(.'lomunts,  and  thus  enabling  iin  to  build  up  carbun-compounds  from  others 
lower  iu  thu  scalti.    VfiXXvcaritonoxifthloridt  (phosguue)  they  formkutoues: 


CX)C1,    +     Zn{CH,), 


ZnCl,     4- 


Aectooe. 


alao  with  the  cUorideM  of  aeid  m4it4*»  at  ordinary  temperatures :  f.  y., 

2(CH,.C0C1)     +     Zn(C^,),     «     ZnCl,    +     2C0<J^f 

ISetliyl'ethyl  kctoae. 

Thi'V  altin  serve,  aa  already  mentioned,  ipr  the  prujiaration  of  other 
'^ano-metalllo  bodies:  e.  ^., 

Zn(CJI,),  +  HgCl,  «  ZnCl,  +  ng(c,nOf 
2Zn(C,H0,  +  StiCl,  =  2Zna,  +  Sn(C,H,). 
SZnCCjH^),     -f-     2AsC\     «     3Znri,    +     2AsCC\nj),. 


FATTT    QUOUP:   ALCOHOLS    AND    ETHERS. 


Suiphur  dioxide  is  aliaorbed  hy  these  liuc-oompoonds,  with  fomuitjon 

thoxiuo  salts  of  um  tli^^l-  aiid  eth/I-ditliiouioorsul]>bioia  at  id* 
(p.  G54).     y itrot/cn  diaride  dissoivvs  in  xino-ethide,  fnnniu^  a  crj-stAlUue 
cuiiiiHJiiud,  whk-li,  by  tho  acliou  of  waU'r  and  CArl>uD  dioxide,  is  ctibrt^i 
hiU>  thi*  Kiuc  .snlt  nf  dinitroet  hylic  acid.  C,H^.N,0,lI,  the  alructi 
of  which  luifi  nut  vt'l  bt*eu  sati&faoturiljr  made  out. 

Mercuric  Etbide,  HgCC^TIi),. — This  oomponnd  fa  fonned  by 
action  of  tiK-rcuriu  chh>ride  on  zinc  otbidf,  but  it  is  mori*  easiljr  p: 
hy  tbc  action  of  Bodiuu-amalgaiu  on  etb/1  iodide  in  presunoe  of 
etbvr : 

Tho  acetic  ether  tnkojt  no  part  In  the  reaction ;  neTertholess  its 
ajtMant  to  he  eaiiential. 

Mercuric  ethidc  is  a  tranfiparont  colorless  liquid,  boilings  at  1590  C. 
(StH.^i^  F.),  and  having  a  ttp.  gr.  of  2.44.  It  burns  with  a  amoky  flamc^ 
giWng  off  a  large  qnantitj  of  mercurJAl  vapor.  C'hlrtrin.*,  brominp, 
iiMjino  remove  one  eqiiivnlent  of  otbyl  from  this  t-ompouud,  and  take 
plaoe,  forming  mert;ario  ohlorethide,  etc. ;  thus: 


Hg(C,H,),    4-     CI,    = 


+   «g(c,n,)ci. 


A  similar  action  i?  exorted  hy  acids,  p.  y.,  hy  hjrdrobromio  acid,  the 
ducts  U;iug  clbunu  and  mcrruric  brometliide: 

Hg(C,II»),    +    HBr    «    C,H,    +    Hg(C,H»)Br. 

Tho  clilorethide  or  bromcthidp  is  converted  by  water  into  mercnric  elhjl 
hydrate,  Hg(C,H4)(01l).     Mercurio  ethide  aorvcs  for  tho  preparation 
several  other  organo-metalHu  1iodii<ts. 


Meronrlc  Methlde,  ngCCIIs),,  prepared  by  similar  procesae*,  »  a 
lirjnid  »li^htly  ttulublii  in  water,  U^iling  at  9^*^  C.  (203^  F.),  and  having  a 
specinij  gravity  of  3.009. 

Meroarlo  Isopentide  or  Amylide,  Hg(C^Hu)j  is  a  Ihiok  liqnld 

Bpecilio  gravity  l.titj,  decomposed  by  dieit illation. 


1 


Merotirio  Allyllodide,  ng<|[r'   *  ,  produced  by  agitating  allyl  icnI 

■with  mercury,  cryslallizea  from  aleohol  in  silvery  laminie,  melting  at  !:■ 
C  {'Zlh'^  F.}.     With  hydrogen  iodide,  it  yields  mercuric  iodide  and  pro 
pene : 


J 


HgCCJIJI     +     UI 


Hgl,    +     C,1V 


Alnmtninm  Methlde,  Al(Cn,),.  or  Al.CC'IT,),.  This  mrnpoand, 
diHi-ovt*re<t  by  Huclcton  and  Udling,  is  formed  by  heating  mercuric  metliido 
with  aluminium.  It  is  a  mobile  liquid,  which  crystallizt'S  at  a  Ulllo  almve 
(P,  and  lioils  at  13l^'-^  C.  (2tJlP  F.).  At  and  aWu  22<tC'  C.  (4280  p.)  thv 
density  of  its  vapor,  eomparwl  with  that  of  air,  is  2,?*.  which  is  near  to 
the  theorelical  density  cAlenlatrtl  for  the  formula  Al(ril,),,  nam<dy,  2.6, 
This  8»*i'mfl  to  show  that  the  true  formula  of  the  comiK>und  i<«  AI(('llj),,  an< 
not  AI/CH,),,  and.  rnn«fqu"'ntly,  that  niniuiniuni  in  a  triad,  nul  a  tetrac 
(p.  24^).  At  ti'nipfra1iir<-a  ni-ar  the  lK>iling  jMMnt,  how-fver.  the  vajior* 
ditti^ity  ltw'onM'3  4.4,  npproatimating  lo  the  theoretic-al  density  ealculat  '^ 
tor  the  formula,  AI,(CHj)f. 


Alomtninm  Ethide 

mtu/'onnd.     Jt  bcNMal 


e,  AKCjIfj),,  or  A1,(r,Hft),.  r^BemblfS  the  motbvt' 
U>43  C.  (3!5!1.2^  F.),  and  iU  vapor  liW^'wise  exiiibiia, 


8TANN0U8    BTIIIDG. 


^ 


at  t«mperalDreft  coosidvrttMy  aU>v«  iu  boiling  poiut.  adeiwitjr  nearly  equal 
to  that  required  by  thu  formuU  Al(C,li^(,  for  a  two-roluuui  coudenaa- 

tiuu. 

Tin  Compoundi. — Tin  forms  two  eibyl-compounda,  8n(C,n,)i 
and  :3n(L',U^),,  aiiaU-j^ous  to  fitauuuuii  and  staunic  chluridv  ;  aleo  a  Mnn- 
i)(>«<>-staniiic  utludu,  ^Ug(t',U(),,  analogous  in  ounntitution  tu  ethane,  ('  M«. 
titauuic  tilliidu  ia  a  saturated  ciimpoaud,  but  theutbur  two  art)  untiaturntfd 
budioHi  capal>U<  of  uniting  with  chlorine,  bromine,  oxygen,  and  acid  radi- 
oleii  and  bvmg  thereby  ix*uverttid  into  uuuipuuuda  of  the  atanuiu  type. 

STAWsoca  BruiDK.  SD<Cx]iO*. — When  ethyl  iodide  and  tinfoil  are  heated 
together  in  a  »,eaU*d  glans  tu'lw  lo  alwut  15t)0  or  18(>^  C.  <3(i2-ar)(;o  F.), 
iitannici(>dtHhiii(\Sn(4*;,li3),I^,  ih  protluce<l,  crystal! izine  incoIorlcsHneedlfS. 
Tliu  t>aiue  eunipound  id  ubtaiiiud  when  tin  and  ethyl  iodide  are  expuaed  to 
the  rayR  of  the  dun  ounc-entrated  by  a  concave  mirror.  Thn  reaction  ia  con- 
aiderably  facilitated  if  the  tin  he  alloyed  with  one-tenth  of  its  weight  of 
sodium.  This  ioiiidi*  is  decomposed  by  finfjium  or  zinc,  which  alwtrncts  the 
iodine,  and  leaver  stannous  ethide  in  the  form  of  a  thick,  oily  liquid) 
insoluble  in  water,  having  the  sp.  gr.  ].fi58,  and  decompfiseil  by  distilla- 
tion. BtannouH  t^thide  c^mibim^  ilirectly  willi  2  atoms  of  chloriup,  imline, 
and  bromine,  forming  stannic  chlorethide,  !:sn"(C,H5),Cl„  etc.  Exposed 
to  the  air,  it  absorbs  oxygen,  and  is  converted  into  stannic  oxethide, 
8ui*(C,U|),0,  a  whitish,  tastelcs.>t,  inodorous  powder,  which  when  treated 
with    oxygen    acids,    yields    well  •  crystallised    stannic    salts,    such    am 

STAinioso-aTairiiiQ  Ethidb,  8n,(C*H5)«,  is  always  produced  in  small 
quantity  when  stannous  othide  is  prt^imrt-d  by  the  methods  al)Ove  men- 
tioned. It  is  readily  obtaint^l  in  the  fn-e  Ktatc  by  digesting  an  alloy  of  1 
part  of  !i«>dium  and  5  parts  of  (in  with  ethyl  iudide.  exhausting  the  mass 
with  i*(!n'r,  evaporating  the  ethert-al  solution,  and  exhausting  the  ri-sidue 
with  alcohol.  The  f^tannoso-stannic  ethide,  being  insoluble  in  that  liquid, 
then  rfUiains  behind.  It  is  a  yellow  oil,  boiling  at  1SIK>  r.  {35t>C>  K.), 
combining  directly  with  chlorine,  bromine,  and  iodine  to  form  two  mule- 
oulea  of  a  stannic  compound  ;  «.  g. : 

8n,(C,lI»)s     +     CI,     «    28n»'(C,Hj},Cl : 

StsDulo  chloro-irietblde. 

also  with  oxygen,  forming  dlstannic  oxy-hexethiile.  Sn"|(C,H4),0.  Tlila 
oxide  is,  however,  b«-st  obtained  by  distilling  stannic  oxy-diethide, 
Sn»''(C,H4),0  (above  described),  with  potash.  It  is  an  oily  liquid,  soluble 
in  alcohol,  ether,  and  water  ;  the  aqueous  snlnlion  has  a  xtrong  alkaline 
ri'Bctinn.  It  is  easily  acted  upon  by  oxygen-acids,  yielding  the  torn 
sjionding  sulphate,  8ug(C.jHQ)sS04,  eto. 

RTAXTfic  KxnmR,  Sn»'CP,TT,)„  Is  prod  need  by  the  action  of  rinc^thide  nn 
atannio  chloride;  alst>  by  the  distillation  of  stannous  e< »'*»*:  2Sn((.^^), 
««Pn-f  anfr^H,),.  Tt  is  a  chirless,  nearly  otlorless  liquid,  of  .p.  gt 
1,19,  l>niling  at  1810  C.  (2fl7.flO  F.).  and  vorv  Inllnrnmable.  burning  witfe 
o  highlv  luminous  flame.  When  treated  with  chlorine.  br*-n.m.-  .ic. 
with  scids,  it  fomw  sulMtitution-products  :  thus,  with  mduic,  it  .pUU  «p 
into  ethyl  lodidi'  aud  stannic  iodotriuthide  : 

Sn(f,IU),     -h     I,     =     C,H,I     +     Sn(C,B^, 
■^ith  strong  hvdrorhloHcacid.  it  vieldsothono  and  st««ii*fl 
•8n(CV!,)»  -f-  IWX  =  C,H,  -f  Sn<C,ll,),CI. 


i 


4 


Ald^tydvm  deriTed  from 


Alcohol 


ALDEUYDEH. 
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2.  AlHehyrtf/it  ^n^tn—J^t  airratporuiiHff  teilh  ike  Acriftic  aad$. 

Acrylic  aldehyde^  or  Acrolein      ,         .         .     ^jH^O 
Crotiiitio  ahlfliydo CjU^O. 

All  th»'»«  aldt'IiydfB  oimtain  two  aU>m8  of  Iiydrogpii  1»*88  tlmii  the  ror- 
^i^jxtndiiig  alcoholtt,  aud  ouu  atoiu  of  oxygen  U*»ti  than  the  ct)rr*'8(.>uudiu( 
acids. 

Tiie  aldehydes  of  the  fatty  groups  are  prodocvd :  1.  By  oxidation  of 
primary  aleoholti,  tiithor  by  the  action  of  atino3j)ht>ric  nxygi'n,  nr  t>y  tlitit 
nf  a  niixturvof  dilutt^  Bnlphuric  ncid  and  iKjtasHium  iliilkromatt^  or  man- 
ginuft*)  tlioxide,  or  by  llio  action  nf  chlorine  on  tlie  alouhol  dilutM  with 
watfr,  thu  vhlorinu  In  this  oaee  deoomputiiiig  th*)  wateri  and  thus  acting  oa 
aJi  oxidizing  agvut ;  e.  y. ; — 

CH,  cn, 

I  +        0         =        iJ,0        4-  I 

CHOFI  COH 

Ethyl  alcohol.  Aoolla  niUvbyde. 

2.  By  distilling  au  intimate  mixltiro  of  the  oalclum  salt  of  the  corre- 
Bpondiug  acid  with  calcium  formula  ;  e.g,: — 

CH5.CO.OU  +  H.CO.OH  =  CO,  +  H,0  +  CH,.rO.H 

Acvtle  acid.         Formlo  aold.  Acetic  altletiyUe. 

3.  By  the  action  of  nascent  }iydrogcn  on  the  anhydrides  and  chlorides 
(chiorauhydridua)  of  the  fatty  auida  : — 


CHj,COCl 

Acetyl  chloride 


Ha 


+         CHvCOH 
Acetio  aldcbjile. 


Acetic  Anhydride. 

4.  From  the  corresponding  di-hnlogen  dcrivatirwi  of  the  hydrocarhons, 
by  hcaiiug  with  water,  or  lietter,  with  lead  oxide  : — 

CHa.CHn,         -f         PbO        ^         PbCl,        -{-        CHj.CHO  . 

£thl(leue  chloride. 

5.  By  the  slow  oxidation  of  nlhtiminons  snbstanoea  hy  means  of  man- 
ganese dioxide  and  sulphuric  acid. 

Some  of  the  nldehydeti  occur  in  tiie  essentinl  oils  nf  plants. 
The  aldehydes  are  oojorhtts,  neutral,  volatile  lii|u>dB,  hnving  more  or 
less  pungent  odors.     Only  the  lower  aldehydt*t»  are  soluble  in  water. 

fiffictinnt. — I.  Aldehydes  are  easily  converted  by  osiilatitm  into  the  cor- 
reiii|>onding  iic  i  d  s  ,  either  ou  exp<*un'  to  (he  air  or  by  oinlact  with  moi«t 
silver  oxide,  in  the  latter  cane  w ith  reduction  of  metallic  liihir  : — 

CH,rOH     +     3AgOII     =     rH,.CO.OAg     +     21ljO     +     Ag,  . 

Acetlo  Silver  «ccliiie. 

aldehyde. 

This  oxidation  taVes  place  with  i>ectillar  facility  with  ammoniacal  silver 
solution,  the  silver  beiTij:  fni|n«*ntly  dep<ieilerl  in  a  bright  »i)iHiilnr  film. 

2.  Aldcliydea  fused  with  /«'/<mA  are  txinverlud  into  the  cutT<>»pondiug 
aeids,  with  evolution  of  hydrogen  ;  e.fJ.^ 

(:,n„o      +       KOH      =       CJUKO,      +       h. 


Vnlcrio 
aldubyde 


CJUKO, 
Valeric  Aold. 
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FATTY  oboup:  alcoholb  anp  ktuers. 


^'iiMwut  htfrlrMjrn^  fViilviy]  hy  thi>  aotioii  of  iTfttiir  on  isudjum  Aindlf?]! 
>r*a  th»'iu   iiiU)  th*'  iorn«(HUi<itiiji   HiruhoU;    c  ^,,  (.'^U^o -f- H, 
^,HjO.     U,  howr-vpr,  the  aM^'liydr  bt'loiigs  t«  a  non-ftaturAtati  »eri*v,  rl 
action  gmrs  fnr^her,  on  lul'titiunnl  quatttiiyof  h,vtlroA>>n    6eUig  ttu'D  ta.ki 
UPt  whiTfWy  the  alc«>h<i)  l\r»t  runufd  it  ixiuv'tirttxl  Lut4i  A  »«ttirated  aloobi 
lH'h'>nging  to  another  8erit4  ;  thus  : — 

4-     H,    =     C.II/);     aud     CJl.O    4-     n.     = 


Aiiryltd 
•ti]  Phytic. 


Ally) 
ftlcutinl. 


A1171 

iilcu)iol. 


nlcoiiol. 


I 
I 


NHSfpnt  U.vdn>);on  ovoWeil  by  tho  action  of  xioo  on  Bolpliiuio  moUi 
Tiot  apjwvir  lo  niiili'  with  nhh'liydifl. 

4.  jhtonpfiorvf  ftenlarfitoride  <y}UvvTl6  ^]Avhyi\**s  hilo  ch  lorald  «  hy  cicii 
oompouuda  derived  from  aldehydes  by  rmlmtitutiou  of  CI,  for  O  ;   thus 

CH,  CIL 

I  +  PCI,        =        I'Cl.O        +  I 

(MO  CHCl, 

AM(^hyde.  ChloniJdetijde. 

Th«  oompoands  thus  produced  are  isomeric  with  the  chlorides  of  t 
olefluea ;  e.  y.,  scotio  ohloraldchyde,  CU,.CUC1^,  or  ethidt-ne  chloride,  wi 
ethone  chloridt*,  CJ!,.<'i,  (p.  517). 

5.  Chiiirine  and  ?rrf>miNr  c-onverl  aldehydes  into  chlorides  and  bromidtt 
of  ftoid  radirles : 

Cjiiji   4-    CI,   =    uci   4.    r,i!/).ci 

Alili'tiytle.  Acetyl  ohiortdc. 

CjH^o  +  2a,  =  2I1C1  +  c,ii,<no.ri 

Altlchydo.  CX  lorn  cely  1 

cbluride. 

6.  The  alkali-mttah  di8solv«  in  aldehydm,  elimiuatiug  au  eqaiv-&len(^ 
quantity  of  hydrogen : 

2<',II,0     -f     K,     =     Uj     +     2C,I1,K0. 

7.  Aldchydra  hcat«'4  with  hydrocyanic  aud  htfdrochhric  acid  are  conwrli 
t  inlti  cy  an  hyd  ri  n»  ,  which  then,  Uy  Ihu  autiuii  of  the  liydrochlnri 

or  hy  that  u(  alkalius,  are  cuuvi-rttMi  into  nxy-acids  ;  thus 


midtt 

4 


CHj.CIIO 

Altldhyde. 
OH 


+     CNH 


»    CH,.CH<J1JJ. 

ElbUt«ne-cynahy(|rtn. 


CH,.Cn<;[:"     +'-211,0    =    NH,    -f- 


CH, 


-OH 


Lnctlc  field 

8.  Aldehyde  likewise  unites  with  other  cftrlmn-couijionmls.  as  with 
anliydridefl  and  chlorides  of  tlu)  fatty  acids,  forming  <\inii)onnd  ethers 

CI 


k 


cn,.cuo  -f 


+    c,n,oci    e 

Acetyl  <>hloride. 


^^»*^"<o.c,ii,o 


EthlOciie 
ohlofo-nccLntc 


„^n.c,H,o 

Ethfdene  diAceUto. 


CH 


Aevtif) 
anhydride. 

0,  Aldehydes  comhinc  with  amtnrinia,  frirming  c^mjiounds  called  alde- 
hyde-aminoniaft,  the  mode  of  furuialton  of  which  is  *ihown  in  tliv  fol- 
lowing equation : — 

CHj.CHO     +     NHj    =     CM 


on 


ALDKHYl>ES. 


CST 


Thes«  compounds  lu-e  casilj  ftolablu  in  water,  but  insolQbl«  in  ether,  and 
arc  tliercfure  preoipitatotl  hy  ammonia  frvtu  the  ethereal  solutlohn  of  tlio 
altlehyilfrt.  Thvy  ivn*  ratlier  iinatabit*,  and  aro  ••aail/  rit>olvi.Hl  by  aoida 
into  Ainiiiunia  and  tho  aldi'liYdo?*. 

]0.  Aldehydes  also  nnito  with  auiUncy  water  being  eliminates!,  and  form 
b.vieti  derived  from  a  double  mtilectile  of  luiiline,  O-'^H.N),,  hy  subHtitu- 
tton  of  two  eqaivateuta  of  a  dJatoinlo  radlclo  for  four  ntouu  of  h/drogtin  \ 

2(\n,o   -h    2r,H,N   =   211,0   4.    c;H„(rH,),N, 

IttothiOeoe* 


aldehyde. 


.nf] 


Aniline. 


aiftulUac 


11.  All  abKdi.vdi^  unite  direct1;r  with  the  aeui  tuljt/iirrM  of  the  alhiti- 
metttU,  forming  cr^HtalUne  coniixitiiuls,  which  may  be  rfj^anlcd  as  salta  uf 
ethideuc-uxyaulpbuuic  acid  (p.  (iOtJ),  as  bIiuwii  hy  the  rulluwing  equation: 


+     SO,HNa    «    CH,.CH<2o'nV 


Trom  these  salt«,  the  aldehyd**«  may  l»p  ffepurAted  hy  ditttillntlon  with 
diliilo  Hulphuric  aeid  or  solution  of  flodium  enrUnmte,  The  ronolion  af- 
fonU  ft  reA<ly  iiii'anti  of  purifying  the  aldehydes,  aud  of  detecting  their 
presenro  In  uiixturem. 

12.  I'liiler  the  influence  of  certain  rengenta  (small  quantitiofl  of  aofds, 
alknlieii,  and  AnltM)  two  nr  more  molecules  of  an  aldehydo  may  unite  U^ 
gctUur,  forming  a  polymerido  ;  e.  y., 

ocH.cn,  ^o^-c> 

cu,.cuo  -h 


ocn.cn. 


AJdohyOtt  (3  mol.j. 


.       II.CU, 

1— T--^  H.CU, 
ParBJUubjTile. 


< 


Formio  Aldehyde,  rn/)or  II.C'UO,  aliM»  faUe<l  hftihyUc nithhyde, 
— 'i'liiH  ruiiipoiiriil,  (liKi.-4iVirri_*il  by  liofniaim.  is  priMliii:f>d  wlirn  a  ciirrt'iit  of 
air  cliArgcd  with  vapor  uf  methyl  aleoliul  ia  directetl  upon  an  inutiidfKet-nt 
•pirul  of  platinum  wire  ;  anil  by  suitable  Lvudeneing  arraiigunientK,  a 
liquid  may  lje  obtained  conaiHling  of  a  solution  of  tlie  nldelLydti  in  uit'tliyL 
aU'ohtil.  Tliifl  lii|uid,  rendere^l  blightly  alkaline  by  amniouia^  and  gently 
wnrmed  with  silvrr  nitrat<>,  yii'lds  a  beauliful  specular  deiXNtit  of  silver, 
witJi  greater  ease  even  than  ortilnary  acelio  aldehyde.  The  aamc  solution, 
heatefl  with  a  few  dropii  of  caustic  putasih,  d«>poHiu  drupH  of  a  brownish  oil* 
having  thr  oior  of  the  resin  of  nretic  aldi-hydi*. 

Formic  aUbdiydu  is  likewise  obtainctl  by  the  dry  distillation  of  calcium 
formate:  Ca(CUO,),  =  C'U,0  +  CaCO,.  It  has  not  yet  Iwen  obtaiuod  in 
till'  pure  state  ;  but  on  heating  tlie  distillate  obtaiiu'd  as  aU>rt',  pnrt  of 
till)  formlu  aldehyde  vsuapes,  and  auotber  portion  remains  as  u  bulid  poly- 
meric m(K{i&L-ation,  viz., 

Partt/orm<tliteh}/d^  or  TrioT^mtth^ne,  C,n,0, or  (CH,)/)^  *  ^*"- 
pound  likt-wisf!  fiimicd  by  Ihn  action  of  oxMe  or  oxalnt»»  ff  --'  -  -:-■.  ,nc- 
lluMKi  ifHlidf\  t'li,!^,  nr  best  by  distillii)(;  glyifillio  aoid  will.  lan- 

iTty  of  sulphuric  aeid.    It  is  a  rryj^talline  mass,  InsolubK-  in 
and  ether,  melting   at   152°  c/CM^U.tP  Y.).  Bubliming    b' 
vapor-den-iity,  1.06,  oorrespouds  with  the  fortnnla  f'H,0,  hI'- 
moti'i'ule  t'^IigCj  is  split  up  when  bt>atfd  into  thref  moif '^  -tl- 

dehyde.     On  eooling,  however,  tlie  triple  mo|oi*nl<*  is  r«*pr<i'i 

aiao  oonvurtod  into  CH,0  when  heated  with  ualur  lo  130^  •     '.«.  : 


MB 


FATTY    QBODP:  ALC0B0L8    AND    ETIIEBfi. 
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Wlipnanmioiiia  i^  pa.t>tHl  over  paraforiu&ldcliyde.  h  t«x  m  «^  t  h«namiii«| 
C'llli^N,  b:  (<'Ilg),N,,  is  priKluct^l^  a  biusi'  winch  <?r^slalliBc«i  from  «l(v>Lo)  a 
tliiiiiiig  rlmmboiic'lrontt,  nnd  ttubliituvi  willituit  Attrrntion  wltcJi  . 
lifQUMl.  It  iBamnnottdd  biMo,  foniiiitgcrystalliiif  tialt8,  thf  U\<i 
■€clli,N|,  HC'l.  fur  extim^ltf.  Ujr  buUiug  with  diiutu  ocicU  it  k  ivc^^ii 
iiiUi  fotmaldt-hyili^. 

Parnthio/ormalfiehydttoT  TrilhioMttfttne,  (CH,)jSj,  ia  j>i 
liy  paitiiiug  hydrtif^vu  Bulphidi*  intu  the  nquLHiutt  gnlutiuu  ut  ftirmuU' 
aIho  liy  the  action  of  sliic  uiid  hydrochloric  aiid  on  carliuii  hi^ulpUi 
hy  httating  mulhfne  iodidv  with  jMitn^^sium  »ul]ihido  in  iiUy^holie  solalf 
It  id  It  nolid  Uidy  having  an  nltianitiiH  <Mlur,  iti  inuidiibhj  in  water, 
solv*^  in  alcDhol,  and  crydtallizHtt  IhtTt'friMu  in  sli'ndvr  nncille^,  iufl(in>:  u' 
21i?S  and  ('aaily  subliming.  Thu  vapor-dtMisity  agrott*  with  the  |»nual« 
C',llf!?g,  whcnoti  it  is  inf<Trod  that  solid  parafonnaldchytle  is  corrix^Uy  u^^ 
rfscntt'd  by  thf  rurniulu  (',11,0^.  Tht*  thioald<*hy-di*,  C,b^,  heated  to  ITf^ 
C.  (:Wh*3  !■'.>  with  silver  bulphatf,  ia  ouururled  into  CaH^O,. 

I     Aoetlo  Aldehyde,  orAcetaldebyde,  C,H,OsCHj.CnO: 
C,H/).1I,  alHu  c'.all.-<t  AMy  AltlrhyJr,  hut  luMit- g»*nf rally  by  thesimpU*  uatnC] 
AJdohydu.* — This  iHubstunci.'   is  furuntl   by  oxidaiJoii  of  ethyl-aU^oUi'l;' 
aU<»  nnK'MK  other  prtnluds,  whtni   tlu*  vaptjr  uf  etlit^r  or  aloohol  is  iraii)«J 
mitti^l  through  u  rod-hot  tnbo  ;  by  tli«  nctiun  of  chlorino  on  ^r*>Ak  aliTjihuI  ;j 
and  by  iUti  other  general  reactions  above  nientioneil.     It  id   l»est  prt^-partA] 
by  th«  following  procegs :   G  parU  of  oil  of  rilriul   arc  mix«!<i  with  -I  part 
of  rt'clifled  apirit  of  wine,  and  4  parts  of  water ;  tliis  Tnixtur«   is    poun^ 
tipou  tt  parta  of  powd^-rud  manganese  dioxide  oontnined  in  a  eapBciouM  rt 
tort»  in  conniKitioii  with  a  (wndenanr  conlpd  by  iee-c«ld  wator  ;  geull«>  hei 
is  Applied,  and  the  proco».<)  is  interrupted  when  ti  partii  of  liquid  hav*] 
paBSC>d  over.     The  di^tilltHl  produet  is  put  into  a  small  rHurt,  with  its  ownj 
weight  of  caleium  ehloridf,  and  ri»diHtilIed, ;  and  this  operation  is  rf>poat(KL 
The  aldehydi*,  still  retaining  nieohni  and  other  impuriiies,  is  mixtMl  wiili! 
twie«  its  volume  of  ether,  and  saturated  with  dry  aninioniacal  f^an  ;   a  crra-^ 
talline  et^rapound  of  aldehyde  and  ammonia  thi^n  separates,  which  uiav"l:>e' 
washed  with  a  little  ether,  and  dried  in  the  air.     From  this  sabstance  tho 
aldehyde  may  be  aoparatiM]  by  distillation  in  a  water-bnth  with  sulphurif 
acid  diluttnl  with  an  equal  quantity  of  water;  by  careful  rectiflrjition  from 

»  calcium  ehloride,  at  a  temperature  not  exceeding  30.5'^C,  (8ti.&0  p.)^  jt  ^ 
obtained  pure  and  anhydrous. 
Cnnsideralile  qnantitie<4  of  aldHiydn  orrnr  in  the  "first  rnnninp**'  oh- 
tatned  in  tte  manufacture  of  aleohol  from  snpar-beet  and  from  p4-ilAtrM<s, 
btdng  probably  Hirnied  by  oxidation  of  tlii>  spirit  during  the  titration 
thrntigh  charenni,  to  which  it  im  subjooled  for  the  remoTal  of  fosel-oii  and 
other  impurities. 

Aldehyduisa  limpid.rolnrleaaliqnid,  of  chftra<'t*«riBtiepthcreal odor,  which, 
when  strong,  is  ex'vedtnj;lv  KiifJoenling.     It  has  a  density  of  0.1^07  at  »io, 

thoiU  at  21  -22Qr.  ((]0.8C-7l.(^  F.>,  and  mixes  in  all  proportions  with 
water,  olcohnl.  and  ether:  it  ia  neutral  to  t(»sl-paper.  but  berimes  uoid  on 
exposure  to  air,  from  prfxlnetion  of  neetio  acid  :  under  the  iunuonee  of 
platinnm-black  this  ehaufre  is  very  s|wedy.  When  a  solution  of  nldehydn 
is  heate^I  with  cau!>tic  puia«h,  a  brown  resin-like  suliotance  is  pitxlue^xi, 
^K-the so-called  al  deliyd  «•  -res  i  n  .  It  rediie*^  xilrpr  oxide  at  a  gentUt  hi!<Nt, 
^Ririthout  evolution  nf  gas,  the  metal  Iw'ing  dei>osittHi  on  the  inner  siirfiioo 
of  the  vessel  aa  a  brilliant  and  uniform  fihu;  thio  liquid  ooutaiua  silvar 
acetate, 

*  Alcohol  ilehyiSrofrDfttuai. 


ACETIC    ALDEHYDE. 


*  ■  The  pHtieipAl  readions  uf  aldehyde  hare  bfwu  already  mentioned  (] 
6(J5).     It  JB  wjnvertfti  bjrTia»cdit  hydrof^tfii  into«lhyl  aloohol,  byuxidatir 
into  acetic  iwid  :  by  pho-tphnrus  poatachloridr  into  L-}ilural<lebydit  ur  elbi- 
deue  dichturiile,  I'll, — C'UCI,.      It    unites  with    thu   acid   HuljiliilMt  of  the  ^J 
alkali-melalH,    fomiiDg   compounds   like   the   ammonium   i«»It,  ^H 

CU,.CH<^*y^^ -^,|[  .  ,  which  are  resolved  at   lOiP  into  aldehyde,  sul-  ™ 

phurmi.'i  uxidt',  ufid  neutral  Hulplutt^a ;  thus  : 

2[CU,.CU<^^^gl    «s    2(CH,.CHO)     +     80,K,    +     80,     H,0. 

Aldehyde  unites  also  with  acetic  ozide,  fomung  the  comptiund  C,H|0. 
(r,II,0>,0  or  t;H4-CH<[j[j»[}»Jj  ,  and  with  ttfiyloiiJt,  forming  ethidentt 

diethylato  or  acetal,  CU»X'H<^*^)j;>{j*  ;  in  like  manner  with  nwMy^ 

oxidct  forming  cthidene  dimelbylate,  CHj.t'U({iCHj),  (p.  OOC). 

With  dry  hiftlrogen  cyanide,  aldehyde  forma  the  ttjmpound  CHg.ClI<Q.«, 

a  liquid  acduble  in  water  and  in  ab-ohol.  l>oiIiiinat  IHI^Of.  (301.4'^  F.>,  with 
partial  doconiprwitinu  Into  aldi'hy<U>  and  hydrogi'n  rynni<lp,  and  eonvtrrted. 
by  heating  with  «trimg  hydrwcliloric  aeid  or  with  alkalies,  into  a-lactio 

acid.    CU..CU<;j»^. 

Aldehyde-ammonia,  C,Jlj:}.}iX\^aCE^.Cll<^^     ,     obtained    by 

fiaasing  dry  aniuonia  gas  into  an  ethereal  solution  of  aldidiyde,  crystaU 
Ixes  in  large  Mhtniug  rhnubohedrunK  ;  it  boa  n  mixed  odor  of  amntmiiu  and 
turpentine,  disitolves  very  eaaily  in  water,  with  less  fncility  in  nlcobnl,  and 
with  difficulty  in  ether  ;  mi-lts  at  abi»ut  7()0  C.  (IBS.tiO  K.).  «"'!  dihtils  nn- 
chnngr'd  nl  lIMX).  Acida  d^'ocmipoH.'  it,  with  pr«»ductinn  of  nmniuuiaoal  salts 
and  separation  of  aldt-hyde.  Hydrogen  sulpbidn  ivnvcrta  it  int*i  t  hi  ai- 
ding, (\H,5N9,.  Salphuroiia  oxide  gaa  is  rapidly  almorbed  by  n  solution 
of  aldehyde-ammonia,  fonning  the  oryfitalline  coniponnd  (',II|ONII..S<),, 
isumrnc  with  taurine  (p.  605),  and  with  Hie  coin|H>und  formed  by  dlreul 
oombination  of  aldehyde  with  acid  ammonium  sulphite. 

roLYMKHic  MoDiFicATioKB  OF  AtDEnTDE.— Pure  (inhydmns  oldehyde, 
treate<i  at  <irdinftrv  temperatures  witli  n  small  qnantity  f.f  gaswjus  hydr»- 
ehlnrio  add.  milphunnis  c,xide.  or  carbonyl  chloride  (phogpene),  or  of  zino 
chlnride  or  i*(n>ng  sulphuric  add,  is  ciHiverted  into  n  i>nlymende.  caUwl 
pnrnldehyde,  whieh  ervstalllRe^  on  crrf»ling  the  liquid  to  »•*- in  largo 
tran«parent  prisms,  mflline  at  10.50  C.  <M».1>0  K.)  to  a  liquid  which  Iwils 
at  1'^"'  r.  (H55.20  F.).  has  a  specific  gravity  of  O.lHtS  ot  \i><^  C  (Si>0  F.>, 
and  a  rapor-dennitv  thr<*e  limes  as  grent  aa  that  of  aldehyde  iUcIf:  heneo 
its  mohn-ular  fnrm'ula  is  0^,11  ^O,.  NVhen  distilled  in  contact  with  eitlmr 
of  lh<'  r.»agent3  above  mentioned,  it  is  r€^PonTl>^ted  into  ordinary  aldehyde, 
but  it  does  not  undergo  this  olinngp  when  hoal/>d  alone. 

When  either  of  the  sanie  reap-nts  acts  on  aldehylo  cooled  by  a  fr.v-xlng 
mixture,  another  pnlvmiTio  nuKlificalinn  is  fnnned,  call<Kl  metalde- 
h  vd  e,  which  Also  rrvfltallizes  In  transparent  prisma  or  in  white  ne^ih'S, 
but  differs  from  parajdebyde  in  subliming  when  heat.*d  without  previous 
fiisinn,  and  in  being  at  th'«  same  time  partly  reconverted  into  aldehyde. 
tu  ituisequenw  of  this  transformation,  \in  vai>or-don»ity,  and  therefore  its 
tnf^b^enlar  formula,  have  not  been  detennined. 

When  aldehyde  is  left  for  some  tbne  in  oonuct  with  dilute  hydrw'hlorio 


rATTr  aaoop:  alcoholr  and  STnERS. 

«oi(l,  two  iiiulnculf*!!  »f  it  unito  in  Bach  b  nuuiuer  as  to  form  iko  AliUhfia 
uf  bulene  gl/w»l,  oalltsi    atiLot  : — 

CU,.CUO   -»-    CHrCHO   =    rH,.CH(oio.cH,.cno. 

Undor  the  influfnce  of  CLTtiiiii  othrr  reA^utntfl^  con<]T*ti»<.M  pmdorts 
foniii*tJ  b/  Uti!   union  of  two  or  mi>ro  uiult-cuIi'A  of  alfli'hjde,  and  cjinir 
tion  of  th»j  elemenUi  of  water;  thus  wlnm   aldeJi^tle   ix    keattMl  wiUi 
chlorldu,  orotonic  aldehyde  u  pro4uo«*«i : — 

CUg— UUO  +  CHg— CHO  =  H,0  -f-  CH,— CHZICH— CUO. 


I 


fTalnffen   Derivativet  of  Aldrhyde, 

MoDOohloraldebjde,  CK,Ct.CIIO,  formM  by  tbo  action  of  anltihirie 

arid  on  ohloniovtat,  t.'H/,'l — CUCOCjUj)^,  is  knotrn  only  iu  aqueous  uio- 
lion.     By  exiRKinro  to  the  air,  and  by  Ihu  action  of  bUvur  oxide,  it  ia 
vuried  into  olilornoetic  acid. 

Dlchloraldebyde.  CnCl,.CHO,  produced  by  diatillAtion  of  diohli 
au«tal  with  strung  Htilpbiuic  ao>d,  in  a  liquid  in^olable  iu  wat«r,  and  li 
ing  at  HBO-i)fP  C.  (11>0.4'^-19-10  p.).  By  kwping,  it  is  gradually  cuoirw 
into  two  aolid  polyuntrie  modifications,  one  of  whioh  is  ainorpUuDd,  andl 
n-wuvcrt^il  into  liiinid  dicliloraldehydo  at  12tP  C.  (i4h<J  F.),  wbilo  (] 
otbiT  cryHtalliiiMi  from  alcohol  iu  large  prisuut,  nwlta  at  13l)Oc.  (2titJO  K- 
nnd   doM   not   pa^H   into   tho   liquid  modi  ti  cat  ion  till  bt5at^*d  to  ;i40^ 

Trichloraldehyde,  or  Chlorat  CCl,.CHO,  is  formed  by  the  proloi  ^ 
aotiun  of  cblurtne  on  vthyl  alcobol.     To  prepare  it,  ehlorin«  is  paaaod  n 
alMolut*^  alcohol  a4  Ion;;  oh  hydrochlurio  acid  oontinaea  to  be  eirulv«d, 
the   i^nwluut   18  agitated  with  \\\vv»i   timra   it^  vohnuL- of  stronj^  sulpliui 
auid.     On  gently  wanning  the  mixture  in  a  wator-bath,  the  impure  cblor 
separatiM  as  au  oily  liquid,  which  lluaU  on  the  uurfaee  uf  tht*  acid  ;  it 
puriflod  by  dJAtiUation   n-om    fresh    oil  of  rilriul,  and   afterwartU    from 
Buatl  quantity  of  quioklimc,  which  muiit  be  kept  completely  cowiM  bj 
the  liquid  until  thu  end  of  the  operation.     Chloral  haa  al«o  been  obtain* 
fn>Mi  Htarch,  by  distillation  with  hydrochloric  acid  and  manganese  dioxidt 

Chloral  ia  a  thin,  oily,  colorh<fi.s  liquid,  of  peculiar,  pungent,  tenr-«*xciti 
odor  ;  it  has  but  little  taiite.  When  drctpptul  upon  pap<?r  it  leaves  a  grt^asj 
Slain,  which  i«  not,  howuver,  permanent.  It  has  a  density  of  l.f»02,  and  Imlji 
at  940  C.  (201.20  K.),  and  changt:^  on  prohmgoil  ket-ping  into  a  >Mdld  ]>oly. 
lueridu.  Chloral  is  fniely  soluble  in  water,  ftU^oliol,  and  ether  ;  lh»'  aqtinti 
solution  is  not  alfinjli^d  by  silver  nitrate.  Caustic  baryta  and  lime  d< 
coin|>t>se  the  vap^r  of  eliloral  when  heated  in  it,  with  appearance  of  Igni- 
tion ;  the  oxido  is  oonvi-rte<l  into  chb^rid*',  imrtf<m  is  deposited,  and  carboa 
luonoxide  U  set  frtHj.  Solutions  of  r.iustic  alkalies  also  dcC(Mn]>osu  it,  wilk 
produolion  of  a  formate  and  chloroform  :— 


cn,.riio   4.    KOH 


CHCl,     -f     CHO.OK. 


By  oxidation  with  nitrio  acid,  it  Is  oonverted  Into  triohloracetlo  acid. 
With    a   ininll    quantity   of  ttniter,  chloral    forms   a   hydrate, 

C,llt^l,O.H,0  ^rCli.ClK^JlJ.  which   forms   large   numoclinic    t^rystala. 


.OH 


moltinu  At4(P('.  (II4.HO  K.).  »"**  dLitilling  at  H(1^I>80  C.  (204.fiO-O(ig 
¥.).     It  is  easily  soluble  in  water,  has  a  peculiar  otlor,  and  shwp  scratch 


40] 


PROPIOMC    ALDEIIYDC. 


Gil 


Ingtwte,  and  produces  nU^  vhcn  taken  Internall/  or  introducod  nud«r 
Ui«  akin.     Strong  sulphuric  ocJd  deconip4»ui  it  intu  waWr  and  alvolinl. 
With    htffhogfn    W/iAiiVf ,  chloral    fomui,   In    like   niannf*r,   a   crvstjilllnfl 

•  alp hydrate.  CCI,.CU<^|,*.  which  uiulU  al  77"  C.  (170.00  F.),  "d 

boils  at  12;iO  C.  (251. tjo  p.). 

Wltho/coW,  chloral  forms  an  alooholatft,  CCla.CII<^'"»,  which 

is  a  crystallin*^  liody,  melting  lit  5(P  C.  (132.&^>  F.),  and  boiling  at  1U>- 
115'^C.  (2iJ7.;iO_i'jyo  k.),  and  deciun|xmfd  \*y  jitron^  nulpliuriu  add,  with 
repraluction  of  chloral.     Trcati**!  with  arettfl  rMoritir,  it   is  t'onverttil  into 

the  aoetio ether,  CCI,.ClI<;Jj"p»j}Yj  ,  which  boils  al  108O  C.  (388.40  K.). 

Dlbromaldebyde,  CUBr,.CEIO,  fnrmtHl  hy  direct  brominatinn  of  ald^ 
hydc,  i^  ft  li.iuid  wliidi  boila  at  140O_i42O  C.  (2M^-2J?7.0O  F,),  is  oon- 
Terted  uu  standing  intoaaolid  polyuiorith;,  ruriua  a  uryslailine  hydratUt 

and  unites  with  hydrogen  cyanide,  forming  the  compoand,  CUBr^.Cil^Qti* 

convertible  into  dibromolactiu  acid. 


Tribromaldehyde  or  Bromal,  CDr^.CHO.  fnrmfld  by  IbA  antinn  of 
bn>iuiti<>  I'tt  nlcohol,  ir^  .i  liquid  v^ry  iniiuii  like  ehloral,  iMtilini;  at  1720- 
IT-PC.  (34l.)i'^w;t4;i.4^  F.),  and  Uf'crvinjMmwi  by  alkaliejt  intxi  fnniiio  nuid 
and  broruitforni.  It  forms  a  solid  hydnito.  mt^Uing  at  .130  c.  (127.4*^  F.), 
an  aloobolatv  which  uiults  at  44P  C.  (lil.l^o  F.),  and  decitupoM-a  ul  HH)0^ 

and  with  hydrogen  cyanide  the  compound,  CBr^.CH^Vt.  ,  oonTertible 

into  tribromotactic  acid. 

Snlpkyr-derivativ€§  of  Aldehyde. — Wlion  hydrogen  sulphide  is 
passed  through  aqueous  aldehydo,  a  couipouiid  of  aldtfhyd<^t  and  Ihiualdu- 
by(i(^  in  prtxlut-fd,  in  tho  form  of  an  oil,  linvin^  an  iiirmaivif  odor,  itolidify* 
ing  at  — ^o  i^:.  (n.iiO  p.)^  and  convcrte<l  by  coiunct  with  hydro^liloric  acid 
into  parnthioaldehydv,  (CjLl,t3)j|.  This  comiHmnd,  aualuguus  to 
paraldehyde,  foruu  white  needles,  iuaoluble  in  watrr,  And  Aiiblimiug  at 
450  c.  (II30  F.).     Its  vapor  density  agrees  with  Iho  formula,  <:,II,jSj. 

On  pAAsing  hydrogen  sulphide  into  an  aqueous  w»lutiun  uf  aldehyde- 
ADiiiionia,  thialdine,  C^lluNS,,  separates  in  l&rg<i  Mihirli^a  cryt^talai 
molting  al  43^  C.  (U>».40  F.),  slightly  soluble  in  water,  easily  in  alwhol 
and  ether,  and  having  an  ofl'i-'nAivn  odor.  It  is  a  strong  base  ;  its  hydro- 
chloride has  Iho  composition  CjH,jNr?,.IICi. 

Oil  mixing  an  al('4>)u>li(:  r<oliition  of  aldehyde-ammonia  with  mrban  bixui- 
phidr,  car hothialdino,  C-|^II,gN,d,,  is  formed  iu  large  shining  crystals, 
aeparablc  by  boiling  with  acids  into  aldehydo,  carbon  bisulphide,  and 
amiuoiiia. 

Propionic  Aldehyde,  C,H,0  —  CTT,.rH,.CnO.  prepared  by 
oxidation  of  normal  pntjiyl  alcohol,  or  by  distilling  a  mixture  of  calcium 
propionate  and  fi>rnifite,  is  verv  murh  like  a<rlaldehyd«',  has  a  sjM'eitio 
gravity  of  0.ft(»4  at  'J**©  c.  (flftop.).  ^^^^  "^  49^  C,  (12«».2^  F.),  ond  dis- 
Bolve«  in  B  vnlium's  of  water.     With   jjUoaphorus  pentachloride  it  forms 

ipidene  chloride,  CH,.ClIj.CUCl,. 

The  higher  aldcbydns  nf  the  seriw  are  snscoptible  of  ismnerio  modifiea- 
B  analogous  to  t  hrme  of  the  primary  alcohols.     Only  a  lew  of  those  are, 
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Both  nro  formwl  as  inli*rmfMiiate  prodarte  in  the  oxiUAtinn  ot  \ 
aaft  ccijivortfui  by  further  oxidatioa  into  oxaiio   acid.      They  an*,  Uwni 
most  vaatly  ohtalnotl  by  oxiiiLzin^  oUiyl  alcohol  with  nitric  arid. 

Aloobol  (2  parla)  l»  inlriKluctKi  into  a  IaU  glass  cyliuder  ;   1  parlof 
ifl  poonnl  inw  Iha  raBS4>J  through  a  flinm*!,  tho   tulw  of  whioh  r«»£kis' 
thu  bultom,  mnd  afUmranU  1  part  of  fuming;  uitric  acid  is  Lnlrodaood 
tho  lame  way,  to  a«  to  form  three  distinct  lay*T»  of  liquid, 
ia  left  to  itaelf  at  a  toraperalure  of  2t>ti-'2l?3  C.  <»>O-7l.0-OF.>  till 

liquids  have  booomo  mixwl ;  aft«r  which  the  mixture  is  evapora     

waicr-hath,  dllat^nl  with  water,  saturated  with  chalk  at  tb«  boiUof  ] 
then  filtered,  aud  the  fiUrato  is  mixvd  with  aloohal.  whereupon  glj 
and  glyoxylat«  of  caloiiiui  are  prtxipitated,  and  ^l.voxal  roinains  in  aolni»a* 
()u  recrystalliaing  thucaldiim  salts,  tho  glyoxylate  rr>-«taUiica  out  fiw, 
and  afterwards  th©  glywjllat.?.  Thenlyoxal  ia  suparaled  from  thr  Ktlatua 
hy  agitation  with  at'id  siKlium  sulphite,  with  which  it  furuif*  a  crrBlallib* 
compound;  thisBrxliumoompound  treatvilwilh  barium  chloride  yieUbtlM 
corruapi-iuding  barium  oompannd ;  and  from  thia  tho  g-lypxal  nuur  tWMPt* 
rated  by  dilute  aulphDriii  acid. 
COH 

Olyoxal,  CjII/),ca  I       •   iaomerio  with  glycollide,  (         ^O,  r«milDi, 

on  ovaporatiug  tho  Bolutiun  obtained  in  tho  manner  just  describe,  ai  a 
transparent,  amorphous^  deliquescent  ma^s,  verysolublo  in  water,  alcohol, 
and  ether.  It  ro^luces  an  nminoniacal  nolution  of  silver  nitrate,  forroin^a 
lilvor  Aptioulum.  Nitric  acid  oxidixea  it  to  glyi-oUio  and  oxalic  actjd:?.  Br- 
ing a  double  aldehyde  (containing  the  group  COH  twice)  it  uiiitea  with 
two  moleonles  of  acid  potasaium  aulphite,  forming  the  cwuipoand  C,l 
(SOjKIl),.  Whrn  \t»  aotutiou  in  aoetio  a«id  ia  left  in  eontai^t  with  a  si 
quaiititr  of  hydrochloric  aoid,  a  condonsat  ion -product  is  formed,  perh 

C|,H,.o;,. 

Fixed  caustic  alkalint  and  alkaline  earths  convert  glynxat  into  saltj 
glyooUio  acid,  e.g.,  tjEI,0,-|-  KOU^C,H,KO,.  A  syrupy  Roluiion  of  j 
oxal  heatud  with  a  Htrung  aulutiuu  of  aquucus  ammonia  yields  two  crysl 
line  baaes,  glyoxaliuc  and  glycosino: 


••L">»- 


2C,H,0, 

aiyoxal. 


+    SNH,    = 


Qlyoxal. 


Qlyoxallne. 
4NU, 


Olycoalae. 


CI^O,     4-     2IL0 

Formlo 
iKrId. 
4-     GH,0. 


Olyoxyllo  or  OlyoxaUo  Aoid,  C,H.0r=CHO--C0,H,  fia  formed  by 

oxidation  of  alc<»hnl  a^  aUjve  dwaoribed  ;  also  by  reducing  oxalio  aoid  with 
xiuo  aud  hydrochloric  acid  ; 

co.on  COH 


H,  = 


to.ou 


CO.OH 


H,0, 


and  hy  heatiuf;  dieliloracetio  acid  with  silFcr  oxido,  or  ethylio  diohl 
tato  with  water  to  12tP  C.  (2480  p.)  : 


cnci, 
co.ou 


+  Af;,0 


rno 

COOH 


2AgCl. 


and 


i 


When  concentrated,  it  forms  a  thick  syrap  easily  soluble  in  water, 

dinttlfl  undecomposiil  with  aqiioonn  vapor. 

The  glyoxylat(*tt  (M>ntain  1  molecule  of  water  very  closely  oombiaed,  ex 
oepting  tile  <tmmoninm  $aU^  which  ia  anhydrous. 


A 


KETONES. 
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This  salt,  CJIO^.NUj^  crystalUsm  In  noodles,  and  dlaaolrea  euil^  in 
iratw.  The  «?pct-  mil,  C,HOjAg  +  HgO,  is  a  while  crjrslalliii.?  proripitate  ; 
the  ctitcium  milf  (C\H0j)|Ca4'  ^Ils^»  forma  hard  prianu,  ttpAringly  eulublo 
in  colli  water. 

niyoxrlir  acid  is  rearllly  oxidiKivl  to  oxalic  acUl.  11/  btiiling  iU  calcium 
salt  with  water,  it  ia  rusuWtid  Into  g]/coUio  and  oxalic  aoidti : 


2C,U,0,     +     H,0 


+     C,H,0,, 


Bj  nascent  hydrogen  (aino  and  hydroohlorio  acid),  it  is  oonrerted  Into 

gljrO(»llic  acid. 

(Hyoxylic  acid  i«  Itoth  add  and  aldt*hyde.  Its  aUUdiydic  nature  is  shown 
by  ita  j>ow<.'r  of  re^iuciiig  an  anniKiiuaeol  silver  solution,  and  of  fomiiug 
duublti  saltd  with  alkaliuo  binulphilud. 

Aldol,  C,H,0„  the  aldphyrto  of  bntene  glycol,  is  polymeric  with  acet- 
ahKOiy^K',  and  la  formed  by  combination  of  two  molecules  of  that  body, 
under  tlitj  mfluuucu  of  dilute  hydrochloric  acid  ;  thus  : 

CHj.CilO     4-     ClIj.CUO     mm    CHa.Cil[OH).CH,.rHO. 

A  oold  mixiur«  of  aoetaUb'liydo  and  dllntti  hytlroehluric  acid  in  b-ft  for  two 
days  till  it  ac4iuiri'«  a  yellow  c»Ior.  Tho  liquid  ia  then  ncuiralizi^<l  with 
flodlnm  carbonate,  and  shaken  up  with  ether ;  the  ether  is  evajurated  ; 
and  the  aldol  which  remains  is  evaporated  in  a  raoaum. 

Aldol  la  a  colorless  Inodoroas  lli^uid,  of  speclflo  grarity  1.120  at  0^,  not 
miscible  with  water.  On  standing  It  ohauKes  tn  a  viscid  liquid,  which 
cannot  be  poured  out  of  the  containing  vc^iHi'I.  In  a  vacuum  it  distils  Imj- 
twtH-n  a^oC,  (203^?.)  and  105O  C.  (2210?.),  but  when  heatwl  under 
onlinary  pressure  it  givoA  off  water,  and  is  converted  into  orotouJc 
aldehyde: 

CH, 


(JHCOH) 

cao 


H,0 


CH- 

Jh 

Oh 

CHO. 


It  reduces  sUrer  ft^m  the  ammonin-nitrate,  and  when  heated  with  water 
and  silver  oxide,  la  converted  into  H-oxy  butyric  acid: 

cn,.rn(on).cii,.co(oii). 

ClIj.COH 
Socclnio  Aldehyde,  C.H.O,  s=  I  ,is  alinnidsolubUinwater, 

i'H,.COH 
and  UiLling  at  20l'^-203O  c.  (3a3.8QL^l)7.40  F.).     By  oxidation  it  ia  con- 
verted into  normal  oxyisobutrio  aoid  &ad  suociuic  acid. 


KETONES. 


These  bodies  contain  thi^  j^roup  CO  BMOctatfMl  with  two  monatomic 
Lea,  which  may  either  be  the  same  or  dilTorent,  e.  ^., 

Dimethvl  ketone  or  neetone.       Hothyl-ethyl  icetooe. 


fits 
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Tlioy  m^y  be  roganled  fts  derived  from  ttld*?hydt«   by  suLetitation  of 
ak-uUul-radlcle  lor  the  liydrogeu  atom  attacUod  W  the  group  CU  ;  tUui; 


Aoolic  ttldphyde, 
Actiliu  kulouo  or  ooetone, 


I 


onmponndii  of  aa  alcohol-radiclo  with  an  Acid-mdicln     <tcwtfln«,  Ar 
[tnpla,  ."u*  iuothyl-a*vtyl. 

Tho  iiiilv  lM«li.'8  of  this  class  that  hnvti  Imh-d  c&refally  studied  ar?  tluai 
which  oon'tain  thv  alcohol-rodideft  t\H„+i,  aud  m  azutloj^aus  to  ibu  aM*- 
hrd'.^s  <.\H^O,  and  tho  fatty  acids  C^Uj.*^,. 

Tho  kotimtM  of  this  pmup,  containing  two  eqnWalenls  of  the  aame  ilfi-- 
hol-radiole,  ar«  pn>duo«d  ; — 

1.  By  thu  aotioa  of  uarbon  mouoxide  on  aodinm  eUiido  luad  ita  boui** 
logues  :— 

2NftCJl^+,        =        Ka,        + 


00        + 

For  example : — 

CO        -f 
Oitrtmn 

DOOOXitltf. 


Sotlkum-etltyl. 


=         Ka, 


CO(C,lI^-h), 


Prupfoae. 


3.  ^j  the  action  of  tinc-mvihyl 
rides,  C.U^-iOCl ;  c,  y.  .— 

4- 


Zn(CII) 

Zlno  melMde. 


2('0CH,n 

Aootla  chlorld*. 


Prupfozie. 
and  ita  homolo^M  on  the  aoid 
=         ZiiCl,        4- 


2CO(CH,), 
Acfitooe. 


3.  By  tho  oxidation  of  the  sycondary  aloohola ;  thoa  :— 


CH(riI,)..<lH 
Xtopropyl  itloohoL 


n,o 


Ac«toae. 


4.  By  the  dry  diatiUation  of  th«  oalciam-ealts  of  the  fiitty  Aoida  ; 


«  (ocrocii,) 

Oaleiuin  aoetate. 


COCaO,     -h 


Onlelum 
e»rboDiite. 


CO(CH^, 

Acetone. 


^ 


Th«  kelon»)9  fonnod  in  this  Tnannc?r  from  the  sttccpssive  members 
fatty  aoid  aoritjs  dilTer  from  onu  another  by  iwiw  CII, ;  thus  : — 

Acetic  acid  .  .  C,H,0„  yipldfl  Arrtnno     .  .  C,n„n  . 

Propionic  acid  .  .  C,H.O„       "       Propinne  .  .  C\l{,(,0  . 

Butyric  acid  .  .  C^H^rt,,       "       Butrrnnft  .  .  r,H,,0  . 

Vai«rio  acid  .  .  C^HmO,,      »*       Valiront.   .  .  C,H,gO  . 

Tho  tnti^rvftU  are  fiUivl  np  hv  Icpt^nPs  rontnininT  diflTpront  almbnT 
rmliolos;  thus  .*thyl-mMhyl  ketnnn.  C.H.O.  or  COCCHjXC.H^),  U  inter 
modialft  l>.»twisin  nctjtone  and  pmpinnp. 

The  kctomre  ftrntaiiiing   two  difToirnt  aU-ohol-radidcB  maT  be  obtain 
by  the  aeooud  of  the  proceasM  above  given  ;  «.  g.  .•— 

aCOCn^Cl     +     ZnCCHO,    —    Zna,    +    2C0(Cr\,)(C.U.\, 

Anetle  zino  ethyl  t:thTl-fn^lhyl 

chloHde.  ketone. 


ainQ4^^ 

m 


Or  by  distilling  a  mixture  of  oaldiun-ealti)  of  two  differont  fatty  arlda 
thns  : — 


Ca(ro.,r.Ho, 

Vulemle. 


+ 


CaCroCH,),    =s 
Aeetita. 


2CaC0. 


KET0NS8. 


e7t 


The  formation  of  aldch^dAS  hj  dbtilliiig  a  mfxtare  of  a  formate  wttli 
the  salt  uf  auuihvr  fatty  acid  (p.  0li5),  ia  a  particular  caso  of  tUia  last 
react  iuu. 

Ketone*  are  al«>  formed  :  6.  Rjr  lh«  gradual  oxidation  of  the  acidfl  uf 
thn  Uvtio  Hvrku,  C^H^O,,  with  chromic  acid  mixture  :— 

(rH5),.<-<oH).coji   +    0  «   CO,   +    ii,o   +    (ni,),co. 

Uxyiaubutyrlo  ftcld.  Uliuetliyi  ketoae. 

G.  By  the  action  of  alkalies  on  the  cartMvkctoniu  actfls  (fj.  v.), 

7.  \iy  the  dry  diiitilialiozi  uf  wood,  Hugar,  and  many  other  uarhon 
oompouiids. 

Kvery  ketone  iB  Iwnui^ric  with  an  aldehyde  belonging  to  the  8ame  series ; 
thus  ae<'tone  ia  inomeriu  with  propionic  aldehyde,  t',U|.C'OII  ;  btityrone, 
t.'0((.'OjIJ,).^  with  U'naiUhylic  aUK'hyd**,  CjU^.UOH,  ete.  Fumiio  acetone, 
coll,,  in  iilontical  with  furmie  aldehyde. 

Keton««  are,  for  the  most  part,  volatile  liquids,  Insolable  tn  water,  and 
not  capubit*  uf  Ti-ducing  an  aunuuniacal  silver  suliitioQ.  Those  in  which 
the  g^rotip  CO  ia  associated  with  a  methyl  group,  resemble  the  aldehydes 
ill  forniiiig  crv»tuUiue  ennipuiiiuU  with  alkalluu  bittuljdiitvri,  fruui  which 
th»  krtoiir  may  l>e  libttratinl  by  di<4tillatio!i  with  iin  alkali.  Kftimes  differ 
from  ablehydt^  :  1.  In  not  being  ci>iivert4>d  by  oxidation  into  the  ciirro- 
S|Hiiidiiig  arttU. — 2.  In  ln'ing  converted  by  iuu>C4*ut  liydrogeu  into  socund- 
ary  alooiiolis.  whorcnn  tlit>  ahlehydea  are  convtirted  into  primary  alouhols. 
>--3.   Ill  iu>t  ctmibiiiiiig  with  aniline. 

Tbo  rurriiatiuu  nf  Mi'4iini]ary  alcuhols  by  hydrogenatiun  of  ketoDiii  \m 
attendetl,  to  a  ttmnll  amount,  Willi  a  oondt'nsAtinn  of  two  ketone  uiole^iulea, 
ruauUiug  in  the  furmatiuu  uf  a  diatomic  aloohol  (a  piuacone);  e.  y.  :— 


2(CHj),C0      +     H,      « 


(CH3),.r.0H 

Pluacoae. 


Aeetonc. 

KeUmoB,  like  aldehydes,  anito  with  htfdrogm  c^nule.f  forming   cyan* 

hydrina,  acetone,  for  example,  yielding  (CH,),C<^.j^  ,  which,  by    thn 

action  of  adds  or  alkalies,  may  be  converted  into  the  corresponding  oxy- 
acids,  (\H,/>,. 

Ketones  are  not  oonverlible  by  oxidation  into  ncids  containing  the  same 
nuinlxT  of  carbt^n-atoma  as  IhtMiiBclvcs.  Wlu-n  boiliMl  with  chromic  acid 
niixtiins  they  deconiposw  in  sucli  a  irianiiHr  that  tli**  grou^)  CO  ai-parates 
in  {<iuibinntion  with  tbe  lowor  ab'nhol-ra<lirlp,  and  fonuH  an  acid  ;  while, 
if  the  other  radicle  is  a  primary  radicle,  it  ir  likewisr  nxidinni  to  an  add, 
normal  or  iao,  according  to  the  oi>nstitution  of  the  radicle  ;  thus  : — 


Methvt-hiityl 
ket'ooo. 


+     CH,.(CH,),.COOH. 


™>>C0 


+     0.    = 


Acelio  add. 

cn,.co.oH 

AoetlG  aeld. 


Butyric  uid. 

(CHj),cn.coou . 

laobukjrle  aeld. 


(rH.VCH.CIL. 

Uethyl-Uobutjrl 
ketone. 

If.  on  the  ntlHT  hand,  thp  hlcherrndirle  Is  secondary,  It  will  be  oxidized 
to  a  ketone,  wliirb  will  be  further  epUt  np  by  oxidation  : 


^",>C0 


CHj.CO.nH 
Acrtle  sold. 
67» 
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and  if  llio  liif(1tpr  rndluld  Is  t«rlUr/,  tuoU  aa  ^(^'Hg)^,  it  wiU   he  Imn^i 

diaU'ly  Bj-.lit  up.* 


'^m^^: 


Dlmethyl  Ketone. — Acetone,  C(>(CIIj)j. — Ti.;^  .»^„,..  ..... 

1.  by  the  dry  iliHtillHtton  ol  acotatud. — 2.  By  oxi> 
c.lio!. — 3.  iiy  tUi^  aotiuu  nf  wjit,.r  at  18HQL-:;ot>0  . 

cn,.cci,.cii,  -h   11,0  «   2nci   -f    cn^.co.cH,; 

or  en  propeno  chlorido  (or  bmmid**),  CHj.CHCLCH,CI  (in  which  nafk 
ntol<>cuIar  iranRi>oaiiiuii  uf  11  and  CI  omst  bo  supiHtstHl  to  lakff  plaw  in 
tliu  tirst  iii^taucH),  or  un  mmuioKloiYK  or  uionobruuii^propuuo  : 


CH,— cci~cag  4- 


»     UCl     +     CH,.CO.CH, 


;4 


4.  Togfther  with  oilier  pro^lm-tfl.  hy  paasinp  the  vapnr  of  strong  ncfiic 
•old  tbrou(;h  an  iron  tiibv  hcnt<*d  to  dull  rc^ilnuds,  and  by  the  dry  dUiillJi* 
tion  of  citric  acid,  tarlAric  acid,  sngnr,  starch,  |(uui,  and  wood  :  heiicr  Jl 
occnra  in  crmU;  wood-spirit. 

Acetone  in  bt'sl  prt'pBrod  by  the  dry  dfntiUation  of  acftates,  tile  oalcinm 
or  the  luwl  Hftll  bcinp  th«  mo«t  convenient  for  tho  purp4we.      Th»»  *tu 
difltillntv  is  Kalurnl<Hl  with  poliLsaium  isarlHinate,  and   aftvrwarda    ri'ctifi 
in  a  wati'r-l>ftlh  from  calcium  ohbtfide. 

Pure  acctono  is  a  colorlt^M  limpid  liqnld,  of  pwnliar   odor  *    it  has  a 
dt-naity  of  0.792,  and  boiU  al  5r>.50  C.  (iai.90  p.):  tlu»  density  of  its  vaprji^ 
(r*'fi'rred  to  air)  is  2.022.     Act'tone  is  \*»^ry  inflnmmnldo,  and  burns  withl^l 
bright  flame :   it  i&  witidble  in  all  proportious  with  water,  alcohol    an^H 
other. 

S'ascent  hffdropen  conTerts  it  Into  p9cndopropyl  alcohol  (p.  579);   but  at 
UiD  same  time  a  portion  of  the  acotono  doubkw  lis  moloouln,  and  li]c«w 
takes  up  Iiydnn^'on,  iK-inn  tborohy  itmvertod  into  a  cryatalliue  suhstaii 
pinnoone,  C^H,,!),  =  2CjU/) -f- II,  . 

hy  oxititttian  witli  ulinmiic  Jicid  niixturt*.  aceton"  i»  c«mvert<?d  into  ao«ti 
and   formic   acidfi,  thi*  lntt(>r  being  for  tlie  most  pttrt  further  oxidii 
to  H,0  and  CO, . 


CHj.CO.CU, 
ACQtoaa. 


-f    o. 


=  cn,.co.oH 

Aectlo  iicld. 


H.CO.OH 
Formlu  ncid. 


Awtooo  troatiid  with  hj/dmcyanir  nnV,  wator,  and  bydroohlorio  acid  is 
oonvurled  into  oxy  iaohuty  ric  (acrtonlc)  acid  : 

CHN     +     2H,0    +     HCl    «    NU,a     4- 
(CUa),COHX(MJH. 


(CH,),CO    + 


Bv  nAn^«n«  pmachhridf,  aoMono  in  converted  into  a  c  « t  o  n  o  e  h  I  or,  da 
or  ni^thvlohloracetol,    CH.CCVCH,  :   «im  Inr  ly  with   PBr,.     M  ,ih 
r,S..it  founts  thioa.otone,  CH^X^^CH,   »  y^dlowish  o^^^^^^^ 
liqaid.  boilinK  at  18ac^l?50  C.  (361.40-:W.'iO  F.),  insolubk.  in  water. 

C*/ar-  and  Brftm-ocf/onf*.— Thcs^^  rompoumU  are  form. hI  by  ihtf 
dIrwTt  anion  of  chlorino  nn\  bromino  on  acotonu.  and  m  other  unys. 

MlZhh^ncfinur,  (Ml  ..CO.m.n.  i^  n-rmed  by  passing  chlorin«  m to  cold 
iicZn7,\m\  by  the  action  of  byiK>chk.r<Mi3  acid  on  monochloHK  or  mono- 
broroopropene : 

cn^Br-CH,  +   non   =   iiiv  +   cn,.ro.cn,o. 


k 


•  SM  Watt.'.  ni.tieaarT  uf  Chcsdatty.  U  Sup^Ua^l 


ACBTONB. 


It  i.i  a  liqnid,  hwoUiblo  io  waU-r.  boiling  at  1190  C.  (24l{.20  F.)i  J^id  emit- 
liug  vajiitra  which  fxcitu  a  oopioun  tlow  ot  tcara. 

iJiehioracetoiie*,  CjIIjCI,'*. — Of  Hii*»i;  Ihuru  Aft'  two,  vU. : 


Uniymtnetricaf. 


and 


CII,CI.CO.cH-CI 
syromctrioAl 


The  former,  pnnluced  hy  tVirect  phlorinnlion  of  awtonc,  in  an  oily  liqnld, 
having  a  duns  I  ly  of  l/MSH  at  'l\o  C.  (ti'J.b^  K.>,  and  boiliug  at  120^0. 
(2480  F.). 

Th<r  symmetriutl  mrtdificntion,  obtain^  bj  oxidation  of  eynuoetrica] 
dlchlorhydriii,  CM,CI.CIl0H.C'n,('l,  crvslnlliicea  iu  rliuiubic  pUtvfl,  uivlla 
at  43^  C.  (IO'J.40  F.),  a»'l  '^»>l'«  »*•  17-^1740  u.  (341.tJtJ-:W5.L'C  K.). 

Condensatlon-producta  of  Acetone. — Wht<u  actttone  is  aabjt^otod 

to  Uh'  arti'Mi  of  (li?tiy<lratiiij;  ttf;riiUt,  aiich  a.s  .-sulphuric  aeid.  quick-liuie, 
sine  L'h|i>ri(lc%  or  liyilrochloric  aoid,  two  or  mor«  tuoleoulen  of  it  uuile  to- 
gether, with  seporatiou  uf  wntur,  tu  form  a  CKiudenAation-product ;  tlius  : 

ac,H,o    —    H,0    »    C,li„0 

Meallylu)Litl«. 

3C,U,0    —  211,0     =     C,ll,.(l 
Pboruue. 

Thtto  bodies  are  beat  prepared  hy  satarattng:  acetone  with  gasooas  hydro- 
gen ohloriile,  litaving  tho  liquid  tti  itsflf  for  snmo  time,  ami  tr«-a(iiig  the 
product  with  alooholic  pcrtosh.  On  dsliitinn  with  wattT  jin  oily  liijiiid  10 
ubtaiui^l,  couxistiiig  uf  lutsityl  uxidu  aud  pUuroiits  whiuh  may  b*s  separated 
by  fractioual  diatillatiun. 

Metityl    Oxidt,  ^'^C^CH.fXJ.CHj,  is  a oolorleaa oil. smelling  like 

peppermint,  and  iKJlliti?  at  HCP  C.  (206^  P.).  Tr^-at.Hi  with  phosphorus 
jit'iitiioiilori'lt*,  it  is  i-^jiivtTlt?*!  into  thu  ohloride,  C,Ilmt'l,.  By  Utiling  with 
dilutii  Htilphurio  iu-ld,  it  is  rettiilvod  into  two  njol«M:u!eH  of  a/:etoue. 

An  ifiomrrir  compound,  I'alU-d  M  et  aoirton  c,  Is  fnrmtHl  by  diatillijig 
sugar  with  limo  ;  it  is  a  liquid  boiling  at  64P  C.  (183.2Q  K.). 


I 


PAoroas.  C,H„0,  probably  ""JSc^CH  — cf  ™— ^^^-^'^i 


Thia 


body  cryBtnlliaGa  in  largo  yellowish  prisma,  melts  at  2POC,  (82.40P,), 
boils  at  lfKJ3  C,  (384.«0  K.).  and  when  boilwl  with  dilute-  sulphuric  aeid 
lakes  op  watvr,  and  u  rosolved  into  3  molecules  of  aa^tonc: 


c;h»o  -f 


3c,n,o. 


Ac^tophorone,  produro.1  by  h^atlnp  aroton^  with  qnlrlc  ltm*».  and  pam- 
p  lophoron...  obtained  from  camphoric  acid,  apiwar  to  be  isomeric  with  the 
phiironit  obtainud  as  above. 

Acetone  heaU«d  with  strong  svlpkun>  ari'rf  y^o^A^  a  dislillnto  of  mosity- 
lano  or  inmethylbeniene.  a  body  b..»lou{nng  to  the  aromatic  gronp  : 

I.  arji.o   =   3H,o   +   c,H„. 

r  Tho  snino  l)o.ly  {g  fonned  by  the  action  of  unlphnrio  arid  on  phomnfl. 
Oth4T  ketones  heated  with  sulphuric  acid  likewise  yield  derivatives  of 


^benxene. 
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Aootonamineft.* — Aootune,  hoatod  with  ammoniA,  yit^ltU  a  xntxtan  of 
thriHj  bM»i<ti,  Lltu  ouiii|M>riitiou  and  luodo  of  (bnnaliun  of  which  axe  IndiLAtnl 
hy  tho  fitUuwiiig  foriuulje: 

Diaoftonamiue,  C.nuNO     =     20,11,0     +.      NH,     —     H/). 

TrUt^auiiaiuine,  (:,H„NO     =     30,11,0     -f-     NU,     —  2U^. 

D«h/d/otri*ce  ton  amine,  C,H,kN        ■«     C^H^NO  —    H,Ol 

D litre tnntt  mi ntf  U  Ih**  t'hitff  product  obtained  at  a  motirrntc  Lpat, 
ia  befit  propari-d  li.v  passing  dry  auiiuimiu  gaa  iiitu  a  lljutk  containing  atvtoiie 
in  a  tilnte  uf  gt'utlu  fbullitinii.  It  iji  a  oulorK-88  liquid,  having  an  siuukk 
liinL-ul  iidi»r  and  stnmg  alkaline  reaotiun  ;  mixes  in  all  pni}*ortivns  wilk 
water,  alwliol,  and  ullier.  uxidixos  and  turns  brown  ou  vxpuHure  to  tht] 
air;  furnu  cryittaUini^  Hinlta  wiili  hydroeJiLuric,  t^ulplmric,  and  oxalic 
Uu)  filatiHofJUoride,  2((.'4H„NO.U(-|).PtCl4,  erystalliitrs  fiuin  water  in  oran^^ 
jtilKiw  niouoclinir  ]>ri!iiu.H  uinitiiiuing  2  molecules  IljO. 

Tritf'f^ioniiminiff  {!yll,jXO,  id  the  chief  pnMluut  ubUiiiurd  at  higbt^r  iffope- 
rature^i,  and  is  beat  ]>rep!irud  by  lK>iHug  diucutunamine  with  a<^'toD«  in  a 
a&Ak  lltled  with  a  reversed  cundoiist<r.  It  crystallizes  in  large  ccilarl«« 
Bquaru  tabk'Ls  or  long  neiKlluH,  havinj^  a  faint  animoniac^l  and  camphon»QS 
oiior,  and  melting  at  3U.ti'^  C.  (103.3^  V.).  It  dlHHolvi^  easily  in  watvfi^ 
alooliul,  and  ettior  ;  the  aqueous  ttolntinn  has  a  strong  alkaliiii>  n^artit 
It  may  be  partly  vulntilized  without  d4H:i>m|H»{ititin  at  liM)"-,  hui  dpfomi 
al  higher  tifiup**ratunrti.  The  Ay(//-r»eA/'»riV/«,  ('|II„N'0.HC1,  c'ry.4ialjiz.r*  fn» 
ateithol  inamall  ncedUs.  Thf  jUatinnc/i/onJe,  2(<',ITi.N0.IICI)IptC'l^ -{•  311,0 
forma  tufts  of  long  goldL'n-yoUow  needier,  uaiiilyHuluble  iu  water,  sparin|,'Ij 
iu  alcohol. 

An  nncryBtallizablo  modification  at  trtacetonaminp,  called  faotrfaci 
tonamine,  ia  oontaimtd  in  the  mixture  of  basctt  formed  hy  th«  action 
ammonia  on  acetone.     It  forma  a  crystalline   platinoehloride  coutainit 
2H/). 

Dehy  drnt  ri  areton  nm  in  e  ,    rg!r,,iN,  is  obtain«1  by  distfllfng 
last  ninthiT-liH|tu>r  of  tin*  jiftuto  rnith*  yirt«iiU't  with  potash  :   it  foruia  a  ph 
tinuni  salt,   2(C'fllj^N.IK:t}.l'U.']f,  which  crystallizes  in  oblique  rhonibi 
prisnu. 

Bfthydropi^n  taoetoTiamine,  CifJlj^N,  is  obtained,  amongst  oth* 
produota,  by  beating  tria^etuaauinn  with  hydrochloric  acid  ; 

6r,H„No   4-   2nn   =  sCi^n^N  -f   2nh,ci   4-   sh^o. 

The  hydrtiehloride  fnrms  small    colorless  crystals,  slightly  soluble 
wat«>r.     Thp  froe  base  a4*i)arates  as  an  oil  ou  adding  au  alkali  to  the  aolu- 
tion  of  tl)H  hydrochloride. 

Methyl-ethyl    Ketone,    CJI,0  =  CO<;["J|;    .  is   fnrmwl :    1, 

By  oxidation  of  secondary  bntyl  nlonhnl.     2.  By  the  action  of  liuc-vthyll 
on  ac<*tyl  chloride,  or  of  zinc -methyl  on  pmpionyl  chloride.     3.   By  diatiUJ 
linR  a  niistnre  of  propionntc  and  nn-tntp  of  calcium.     4.  By  oxidation  of 
uielhyl-elhylmxalie  acid  face  Oxalic  acid)  : 

cII}.>'^<?0,H     +     0    -    CO,    +     H,0    +     ^«}^>CO. 

*  Hetntz,  LlcblffU  AnnMen.elvtlr.  iyt:et««vlll  SM.s^i  «Uxxlll. 
Sole  ol  off  nni]  L^  I  sc  I)  I  no  f  f.— D««t  Cktm,Oe:  Ber.  vll-  I'M. 


KET0NX8. 


esi 


5.  By  the  aotioa  of  alkalies  on  etliylic  aoeto-aoctate  (lee  Carbouttohio 

AC1D6)  : 

<CH,  ^CH, 

CH(CHa).CO,.C,Hj  ^S^'HjCH, 

It  in  A  fra>;rant  liquid,  of  spooific  gravity  0.S12  nt  130  c.  (55.40  F.)f 
boiling  at  81^  C.  (177.6'-'  K.)  ;  uiilu*8  wlih  acid  sulphitcti  of  alkali-metaU ; 
yir<l<|]i  by  oxidation  two  luoluuutuii  of  arelie  tuid. 

Tlio  higher  tuemborii  of  Ihtf  soricH  wlmit  uf  isomeric  modifinations,  tlio 
formula,  ^'sUla^^  im^ludiiig  thrw*,  ami  C,ir,.jO,  nix  isomvric  kutoncs. 

The  tablu  (p.  UH2)  nxliiliita  tlif  spr-trinu  t^^ravities,  bulling  }H)iut8,  and 
produoUi  of  uxldatiuti  of  thu  best  kuuwu  kotouos  of  the  iierieA. 

Afethyl-kiAtabut^l  Ketone,  CH;, — CO — 0(00^),,  Is  probably  the  cnmjMiund 
calbnl  pinnculin,  fonu«Hl  by  hi-atiug  pinnmnc,  Cell,^0,  (p.  flf>8),  with 
bydntchlnrin  or  dilute  sulphurio  arid.  It  18  likewiati  formed  by  the  aotioa 
of  xLno-methyl  on  trimtitUacetyl  ohloride: 


2C0<^f^''^»^» 


-f     Zn(CH,), 


ZnCI,     +    2C0 


Na(»ront  hvdropen  convorta  it  into  pinnoolyl  alcohol  or  mcthyl-katabutyl 
carbiaol,  ('(CH,)^— CrHOH— (.'11,  (p.  .^8'J). 

MfthtfUnonyl  Kftnnf,  CM^ — TO — C,IT„,  la  the  chief  onnsliluont  of  oil  oi 
rut',  and  may  Iw  extract<Mi  ther^frnui  by  A^itatiou  with  afid  Bodiom  ruI- 
phito.  It  informed  artiflctally  by  distilling  a  mixture  of  calcium  acetate 
and  rotate: 

c.<C:S]:^ll;  +  ^•<C:^C:^:II::  =  ^^0.0.  +  2cx,<h,_,. 

ti  is  an  oily  li<tnid,  with  a  bluish  fluureeoenoe,  soUdifying  at  low  ttmipera^ 
turva  to  a  laminar  maaa. 
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Kktovm, 


Dimethyl  ketoM, 
Melhyl-elhjrl  kvtDnf>. 


).  Hathyl-proiijrl  ketonfl, 
1.  Ha  thy  1-1  lau  ropy  1  ketone, 

$.  Diethyl  ketouti  or  proplooe 


Kflotut,  C»HrtO : 
I.  Methyl-bulyl  ketODc. 

3.  Methyl-Uutiuly]  ketone, 

S.  Methyl-kfttabutyl  kelooe, 
00'*'"' 

4.  Ethyl-protivl  ketone, 

nfi'*^n* 


CO 


gttone$,  CyHuOt 
1.  Dlpropyt  ketone. 


UO 


Ol-laopropyl  ketone, 


>.  Diethyl  new  tone. 

A  Methyl-pentyt  ketone, 

Methyl-hexyl  ketone. 

CHuO-OO-O^   .. 
DMiobutyl  ketone  or  vAlorone. 

0,ll„0-0OlC\H,i>,  .... 

Ketonet.  C„HaO: 
1.  Dlnrayl  kotona  or  oaproae, 

CO(Cr.M„)f  

S.  Mcthyl-nnnyl  ketone, 

Dlhexyl  keloAe  or  anKnthone 

CuUa50-U0((VHu)i 
Dlheptyl  ketone, 

e^u„o-co(cn^), 

DlnoDyl  ketone, 

0»,H»O-00(C.H,J, 


BolllDf  polaL 


<1M.4^  F.) 
(ITT.«°  F  ) 


iJI0.3-3IXt<*  F.) 

»Sft°0. 

(-•0O.IP  p.) 

wi"  a 

{tixtfi  F.) 


lira 
(aeo.op  V.) 

11400. 

itw*o. 
{ai.B»F,) 

iM»a 

(ib«.4°  F.) 


144"  O. 
(»l.r»  F.) 

IW-IW^  o. 

l2U.4-U».a'  F  ) 

(Zrt  0-382.!!°  F.) 

1»»-iM^  O. 

1811-412.8'' F.) 

(S3«.r>F.) 

ler  c. 

(SU.O^  F.) 


MftoO. 

(4ar*  K.) 

(4sr  F.) 
aa'O. 

(«»«  F.) 

980°  a. 
(Wa"  F.) 

SMOO. 

(Be*»F.) 


Speelfla 


[ 


0  814  nt  Qoc. 

(rt  «»  F.) 


0419  At  uo  o.   AeeeiCMUdi 
(M.4'>  KJ 


Pro4iieti«f 
omuilin 


Formic  and  1 


Ac«tlo  «a4  proptfr- 
nlo  Mide. 


0007  ftt  U®  O 

(64. 40  y,) 

O.Bli)  nt  130  O. 
(46  ■4°  y.i 


0.$13MSQoc.    Aeelle  andpfopto- 


O.aii  et  0«  O. 
0.81*  At  0»  O. 
0-823  at  0*  O. 

0  US  At  0°  a 


o.ts  At  20°  a 

(48°  F.) 


Aoetfe  luid  btttyrk 

iiclcle. 


0.81T  Mt  tV*  O. 
(71  «**  f.) 

0.81S  At  a>°  o. 

(*«•>  F.) 
0418. 


0.88:1  At  80°  O. 

tW»F.) 


McltlDf  point, 

W  V.  (S»»  F.i 

S0"O. 
(800  F.) 

40*  C. 

(IW^  F.) 

ftt»C. 
(140  40  F.) 


Aeette  Aad  ledto* 
tyrle  melda 


Acetic    nntJ  tri 
tbylAccilc  mci 


i 


Bulyrle    «a«|    pro- 

plOQiO  ACiilA. 

lM>btityrI«  Acid, 
heollOftclU,A.C(V 


Acetic  Anil  anrniAj 
valeric  moIU*. 

Acetic  and  oaprole 

acldA. 


Acf'ilc   And    pclftr> 

guuio  BCldl. 


O&QANtC    ACtDB. 


C83 
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ORGANIC  ACIDS. 


Org&nio  acidSi  or  Corbon-aoida,  cvntaiu  tho  uuiTaloat  group^  COOU  or 

O — C — OH  (called  carboxjl  or  oxatjl),  linked  b^  its  fre«  oombtuiug 
unit  with  a  hydroc&rhon  residue,  and  they  mar  b«  re>;arded  aa  derived 
Troin  hydrocarlxms,  aaturateil  or  unaaiuraled,  by  the  Hubatitutiuii  t)r  one 
i>r  iui>r«  of  iheso  univalent  groupii  for  an  equal  number  of  hydroguu-atoma ; 
thus  : 


from    CH(  are  derived  C!f,— CO,H 


MetbADQ. 

C,H. 
ElbaiM. 

Propone. 


Acetic  KoLd. 
Froploalo  nold. 
Orotonle  Aold. 


and  Cn.<^0.« 
Malonlo  acm. 

SumIdIo  ftold. 

OUnicoolo  aotd. 


Many  acids  are  formed  by  oxidation  from  primary  alcoholi,  the  H^  of  U)« 
gruupft  Cil^OB  in  these  alcohulu  Iwing  ruplacud  by  O;  thus: 


CH, 

CII, 

Propyl  Meohol. 


AcidM, 


CH, 
CH, 

c<x>n 

roplonio  acid. 

CH,UU 

CH, 

(■(HUT 
6  Ltnatia  ftcld, 

ClUJU 

CHOH 

COOH 
Olycrrle  add. 


CH,OU  CH,UU  COOH 

CH,  CH,  CH, 

rH.OH  ((HUT  niou 

£  Propeue  glycol.      6  tdiotia  ftcld,        Malunlc  icld. 

cHjOii  ciujii  Coon 

CHOH  CHOH  CHOH 

CHjtm  COOH  CiMlH 

Olyoerla.  Olycrrle  add.        Oxymalonlo  acid. 

An  aold  may,  however,  contain  one  or  morn  hydroxy!  groujis  not  directl 
coimeciad  with  the  group  CO,  and  the  hydrogen  in  t\umc  grouiw,  as  wt-U 
as  in  the  group  CO^H,  is  rcplAocablo  by  al(x>hol-r:idit:lefl  (aUo  by  alkali* 
iri'^talH)  pritdiu-inj;  add  ethers,  or  alouholiu  acidij,  e.y.f  othyl-lautic  acid, 

CH,Cnc,iU)— <■"«—* 'o.on. 

Th4>  ({ital  ntinitwr  of  hydroxyl  groups  in  an  organic  acid  is  thr  namo  as 
tlmt  of  thu  alcohol  from  which  it  is  derivitl,  and  tliis  detenninea  the 
atomicity  of  the  acid,  and  the  nnmbcr  of  eth(<ri«  which  it  is  capable  of 
forming  with  any  given  al(X)hol-radic!ea  ;  thtis  tf-la^rtio  acid,  though  it  con- 
tains only  one  stoio  of  basic  hydrogen,  and  therefore  forms  only  one  Haas 
of  metallic  aalta,  represented  by  tho  formula  C,nj0,M,  i»  dintomio,  like 
propt-ne-plyrol,  and  can  form  two  ethylic  others,  viz.,  othyl-^lactio  acid 
and  dielhyl-£-lactate  or  elliylio  ethyl-la<;tate ;  thus  : 


CHjOH 

cn,oc,Hj 

CHjOCjHj 

CH, 

cnon 

CH, 

ax)H 

CH, 

coor.FT, 

ja^T^nclla  ftold 

Elhyl-S-ldotlo 

Diethyllo 

(|)00obailo}. 

acid  (mnDO- 

£-Mol^te 

tMitic). 

(oeutrjil}. 

%■ 


MONATOMIC   AOtDS. 


Trvm  Xhm9  oonaidentiniu  it  appe&r*  thxt  monatoinlfT  mvu%9  most  vto- 
tantjr  be  monobaaic  ;  but  dialoxuu-  a^  iilai  nt»y  br  eitlii^r  tooDobftflc  or  tnl*- 
ftic  ;  trUUiinic  A<Hds,  euU>»r  mouoliuiic.  bibanir,  or  tribaetc  ;  juitl  m>  im. 

Mata/  of  Uiv  uiost  iuitK<rt«ai  aci<U  are  dfrinwl,  in  tlif  manticr  alv^Tf  rx. 
plainrwl,  friim  at^luatl/ kiioWD  alooboU  ;  olbej^,  t'  ' 

lioU  actuallr  currt^jMinding  witlj  Uieio,  are  b<uo> " 
ri\  ■  "I  li.iiii  knonrii  aloihuU  ;  but  thfr**!*  also  a  ooti^  ,.    ,  „,  .,   .,„,., 
huM.*  forutofi  in  the  rrgt'taMf  ur  onixuai  organism,  -h  ' 
I  l  u  dcrivativ'-a  of  alc^^liuU  of  any  kuowa  »t.'rit«  ;   t., 

Ur  ut  iImmm  nnnlaagitted  aci<i«  will  lUiubUtsui  Uiuiiniali  aa  Uieircimimi 
AUil  roactioiu  bvoooiv  mnre  tborou^bly  knoini. 

Ariila  may  alw  l»e  ri-}:arded  aa  oaropouuda  of  hydroxyl  with  oxtl. 

radirlfri  (acid  ra»iicU-«;  fornn-d  frooi  the  ccrr«e{»oii4lin£  alcobol-raUicltf 
auUttitutiuu  uf  O  fur  U, ;  e.  ^., 


C,n..OH 

Kth)!  Alcohol. 

(',I!.(OH), 

Proprae  glycoL 


Acetic  actd. 

<.jH.'>(0|I), 

Luetic  KCld. 


C3n,o,com, 

MaloDic  arid. 


The  rvplaCTmu'iU  of  the  hyAroxyl  in  an  acid  by  chlorine,  brmninr,  or 
iii«iine,  givca  ri»«  to  acid  cliloridr*.  eU?.  ;  tbus  from  Act*tic  acid,  ('  II  oroH) 
Im  d«?riviMi  aoctic  chloride,  L',H/«^I,  etc.  The  rf|da«-<nHnt  of  lh<?  b'Tdn-grt 
within  the  radick*  (radical  brdrogeu)  by  the*  bntn*'  *.'Icn)riits  or  br  tbc 
groups,  CN,  NO,,  NH,,  dr.,  give*  riai*  to  cbloriiinlrd,  br^uiiiiiittxl,  cranatcd, 
nitrated,  and  anndat<jd  acids.  Lastly,  the  replnivxui<nt  of  flit.  r^rtra-nuHai 
or  typic  hydrogen  by  aindiol-radiolea  gires  riw^  u»  vtlicn-al  aalts  of  com- 
ponnd  rtlhrrs ;  and  its  rcplacfiucnt  by  acid  radirlca  yields  acid  oxid<«  ur 
anhydrides  (p.  4S1).  The  derivatives  of  each  acid  will  be  described  in 
oouueoUou  with  the  acid  itdelT. 


Monatomic  Acids. 


Th(^«  acids,  being  derived  from  manatoiiiic  alcohols  by  sul»stHntlon 
O  fur  II,,  necvflsartly  contain  two  atoms  of  oxygen.     Kach  Sfries  of  bvdi 
carbons  yields  a  s«ri«s  uf  mvnatoiuio  aloobuhi  and  a  series  of  iuoiiaU 
acids ;  thus : 


UfdrocarboDS. 
etc 


▲leohoU. 
etc. 


Adda. 

cji,^o, 

vtc. 


T}m   bwt   knowTi   mohalnmio  aoida  arp   those  b^'lonpinp  to  the  srrB 


f^."a.%  t'.f^«-i%  C«»7-^<^*  .*"'*   ^^!>>. 


The  In.^t  iwn  iMdnii^*  loj 


the  aroin.'itic  group. 
Ix'cu  oblaiuvd. 


Of  thti  other  series  only  a  few  teruu  Uavo  hitlit 


1.  Acids  of  the  Fatty  Series. 

TbesoaHds  are  called  Fa  t  ly  or  Adi  pi. 
ar.'  uf  an  itilv  cnnsiatence,  and  tb»>  highw  i 
fata.     The  following  is  a  list  of  Ibe  kwntwn  • 


*  ff  Hirra 
.irt»  solid 
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Laurie  and C^^U^p^ 

MvrlRlio  ucid       ....  C„H^(>, 

Pahuitio  ncid      ....  r,„Ha|»>, 

Mnrjfarie  acid      -     .     .     ,  C,,lij,0, 

SU'iiru-  acid Cw^^m*'* 

Aracbidic  add    ....  CjoH^^o, 

livheuic  acid f«"*/'t 

Cerolio  acid *-'n'*w**i 

UtdiMtc  acid  .     ....  Cg^lli^i), 


Formic  add CILO, 

Awjtic  acid      .....  C,ll,(», 

rropioiiic  acid     ....  t'aii«*^3 

Batyriu  aiJd  (iiurmal)       .  C^UgO, 

Valeric  acid  "         .     .  CaH,oO, 

Caproic  acid         '*        .     .  CyH,,U, 

CBuantUyUc  acid      .     .     .  CfUi^O^ 

Capryliracld       ....  CgH,,0, 

Felargoiiic  acid  ....  C'«II|«0, 

Rutio  or  Caprio  acid     .     .  <-'io*'m*^i 

The  higher  mtnaberB,  from  %'alerio  acid  npwarda,  are  aomr'tiines  dcnoUtl 
hy  nameti  indiuatUi);  llioLr  numlN«r  of  carlxin-atuiiM,  and  ihu  ulculiolii  fruin 
whicli  they  are  derived,  o.  ^.,  j}cnlo\c,  hesoic,  hetUotc-,  etc. 

Th«  acid  railioles  iu  the  funuula  Cs'^ia  i(^"^  ^"^  ^  regarded  as  i»m- 
poundn of  carb^myl  CO,  with  alwUol-ra'iiclca  :  C,H^_,0  =  Cn(C„_,Hj,  _  j), 
and  acMrdingly  thri  soveral  aoidti  may  Ix*  fortuiilatod  an  follows  : — 

COII.OH  CO(C'II,)-OU  CO(C,Hs)OH  . 

Formle.  Acelle.  Proploolo. 

Alt  the  aridi  of  the  seriea  containing  more  than  thre«  oarbon-atoms 
admit  of  iiiotnt'rio  modifirnlions,  acoonling  lo  tltt-  conMliltition  of  thf  aK*ohol- 
radiclca  which  they  c  tntnlu  :  bulyrio  utid,  C'|UgO,,  for  example,  may  ex-, 
Uibit  tb«  following  modifloatiotifl  :—' 

CH,CH,C»|  CH(CH,), 


COO 


Normal  butyric  loid.  laobutyrio  aold. 

Bnt  none  of  these  acidt*  oan  exhibit  mftdificationi*  analogous  to  the 
■eoondary  and  tertiary  alL-ohcpU :  b(<<;auAt)  in  them  tbo  carbon-atmn  which 
to  associated  with  hydruxyl  had  two  of  itn  other  UDitfiof  equivukntv  ^atis- 
RmiI  by  all  atom  of  bivalent  oxygen,  and  therefore  cannot  unite  directly 
witli  more  than  oue  other  atom  of  carlxtn.  Accordingly,  it  is  ftiiind  that 
the  secondary  and  ttTtinry  ah^tholii  are  not  converted  by  oxidation  into 
acidu  containing;  ihu  uamu  number  of  carbou-atouii!  ii&  theniitelvt*ii. 

fA-currrwrt.— Mtwt  of  the  fatty  ftcida  are  found  in  the  botlies  of  plants  or 
animaU,  sonw  in  the  free  state  ;  formiu  acid  in  ante  and  nettlefi ;  valeric 
acid  in  valerian  root;  pclargonio  add  in  tlie  es«ential  oil  of  /Wnryonnim 
roxrutn;  and  cerotio  acid  in  i)ee»wax.  Othera  rH'«*nr  aa  ethereal  ealta  of 
miHiatomic  or  jmlyatomic  aloohoU  :  as  uetyl  palniitate  in  spennacelt ;  e^'ryl 
cerotttte  iu  Chinese  wax  ;  glyceric  butyrate,  palmitaie,  ntflarale,  etc.,  in 
natural  fata. 

Fonnaiion. — I.  By  oxidation  of  thp  primary  alcoholenf  the  methyl  series, 
a^  by  ex{K)8ure  t4>  the  air  in  ccmtart  with  plntintim  black,  or  by  heating' 
with  a/iueuuH  chromic  acid. — IS.  By  the  oxidation  of  aldehydes.  In  this 
case,  an  atom  of  oxygen  Ln  simply  adde<i ;  «.  ff-,  C.U^O  (aldehyde)  4-0=* 
C^H^O,  (acetic  ncid). 

3.  By  the  action  of  carbon  dioxido  on  the  pota»8lum  or  sodium  compound 
of  an  alcohol-railicle  of  the  meiliyl  Heriiis ;  thuti :— • 

CO,        +         ClIflNa        —         Cn,.CO,Na 


Ortrban 

dioxide. 


raciiilila. 


Bddtum 
acetate. 


4.  By  heating  the  etliylnte  of  an  .il kali-metal  in  alcoholic  solution  with 
n  monoxide  under  prcM^un* ;  e-  tj., 


58 


r^ii^oK      + 

PatASBlnm 

etbyUle. 


CO         V  C-Hs.CO.OK 

PotABaium 
acetate. 
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ThU  reaction,  howi^vM,  !■  slow^  and  j^iehU  tml  a  small  prodocL 
5.  Bjr  lUv   at'liuu  tif  alkdliv*  or  acids  on  tii«    oyauiticv  of  the 
radicle*,  C^llj,4i ;  thua  :— 


I 

Alcuholle 
eyitniiie. 


+    KOH    4-     n,o 


and 
AloohoUe 


PotiiMlun 
liydtuxUU. 

+    «n    -I- 

Uydrychlorie 

AC  ill. 


Water. 


CO,K 

PotasBlaiii.««U 
of  Cat ryr  acid. 


+     NH. 


lOfitl. 


MTMtcr. 


^^ 


tavslcuB-aalc. 


+    101,0 


I 


cn,.co,K 

PotKwium 
Acetate. 


+     NH, 


In  tills  manner  th«>  crnnitle  nf  varti  alcohol-radicle  ^Mff 
tf.ilt  of  tlif  arid  next  highor  in  thu  seriL*d,  that  M,  mntJii 
carbon   mow ;  incth.vl   cvanide,  for  exainjilr,  jrit?Iding    jt. 
ojranide  yielding  propionic  aciil,  etc.  ;  lliua  : — 

CHj.CN     -I-     KOU     +     U,0 
Methyl 

cynoioc. 

6.  B^  llio  action  of  water  on  the  corresponding  acid  chloridces :  «.  ^,, 

CH.OCl        -h        UOU        =        UCI        -h         C,H,0(OH) 
Acetyl  chloride.  Aceti«  «el«L 

Now,  thrte  ftcid  chlorides  «?an  lie  pmdnee*!,  in  some  instaiu-^^  ot  h-asl, 
thi!  action  of  larbon^'l  chloride  (pUoiigeue  gas)  on  the  Airrcspouding 
alfins;  thu»: — 

IICl         -f 


f«l)9l 


ill, 

MethAue. 

if',"- 

Buluue. 


COCl, 

OArboQj) 
chlortcje. 

COCl, 
(.'ftrbnnyl 
chloride. 


HCl 


Anetjl 

ohlorliJe. 
cai.rHi 

Valerrl 

ehloriJe. 


By  thvflo  coruliini>d  reacliona,  therefore,  the  paraffina  txiay  bo  courertdl 
int^t  the  oorrtwpondiu^  faitjr  acid«. 

7.  Hy  the  action  of  pliiMgune  on  the  zino-oom pounds  of  the  alcohol- 
radirlt'S,  whereby  acid  uhloridea  are  formed,  to  bo  jiuba(H]uently  decompoead 
by  water; 

Zn(rH,),    4-    2CC)C1,    =    ZnO,    -f"    2(rn   rOH) 
Zlne-melhyl.  Acelyrelilorlde. 

8.  By  dissolving  wxliiim  in  methylic  or  Pthylic  acptate,  aHdinf;  the  Sodtdft 
of  an  Klccilinl  radicle,  ht'iiting  lht»  mixture  to  HKO  nnd  diKttlliiif^.  Tha 
r«»«ftlnn,  which  is  (vtinplnx,  and  will  Iw  mnrt*  fully  explahiod  licrr-aner 
fnoM  rA.RBo-KKTo?(ic  A(  ich),  mav  ho  vIcwih1-^o  far  lut  our  prt'spnt  purpoM 
Im  rnncorntvl — nn  rmiftii^tin^  in  th*''  suhstitiition  of  1  or  2  atoms  of  aodliua 
fnr  liydrojijcn  In  th.*  iiiclliylnroup  of  nr.>tic  field,  nnd  the  docompoeUioa  of  j 
the  resulting  oomiMiund  by  the  alcoholic  ioctidt) :  t.  3., 


CILNft 
I  + 

coc,n, 

EthyUc  aod- 

RMlKte. 


CH,(CH.) 


CH,r     «     Nal     4-        I 

coc,n, 

Kthyllc  mnthyl 
ftcfltntt. 

niiNft-  cu(cu.>, 

I  -I-     2CU^l     «    2Na[    -f      I 

co.rji,  *'W'* 

Elliylt'eiti-  Kthyllc  rflhirlh 

MktAotUte.  «««IA1' 


rATTT   ACIDS, 


687 


Tlie  resalting  ethors  sApouifiwl  with  canstic  pnUafa  yielf]  Ibe  acids ; 
thos: 

cH(cn.),  caccn,), 

+      KOH     =     r,H.OH    -I- 


ro,c,H» 


£thyll^2<IitoctIiyl 
acvlMtir. 


Alcohol. 


PlmetJiyUoetle  or 
Itobutyrlo  ncld. 


Ethjl-acetic  or  nomial  butjrio  acid,  C}i,(CjJi^) — CO,H,  and  other  mem' 
ben  of  the  seriett,  may  he  oblaincd  in  a  similar  laonuer. 

The  iMglit  mtMlt'S  of  ftiruiAtJun  aUtvo  givru  urw  gencril,  or  capahlo  of 
bein^  uimlr  no.  Tlicru  are  nUo  special  lunthntU  of  prtidneing  ))articiilar 
acifta  of  thu  avries,  but  iu  mottt  of  those  cases  tlio  rt-nctittiiB  tiuniiot  be  dla- 
linutly  I  raced  ;  thus  foruiiu,  acvtio,  propionic,  butyric,  and  vaU-ric  adda 
art*  ]>rodui-tHl  by  tlu*  oxi<l.ition  of  ulbiiniin,  filtrin,  cas(>tn,  (Z'^lalin,  and  other 
similar  »ulMtaucefl ;  propionic  and  butyric  a<*id9,  in  certain  kinds  of  fer- 
meiitatiuu  ;  acidic  acid  by  thu  deslruutive  duttllUUou  of  wood  and  other 
Tcg4;tablu  sulMtancefl. 

Prt}pnrUrM. — Must  of  the  fatty  aoids  are,  at  ordinary  tempernturcs,  trans- 
parent and  colorlfjis  liquids  ;  formic  and  Act^tic  At^-iils  are  vatt-ry  ;  pnipionic 
acid  and  thu  hi^lier  acitia,  up  to  pi<1urg:onic  acid,  art^  oily  ;  rutlc  ai^id  and 
lho«i>  ii1«ive  it  arM  solid  atorilinnry  ti'iiiperaturoH,  most  of  them  being  crys- 
talline fata  ;  corotic  and  luelisj^lo  acidu  are  of  waxy  oonBltitcnce. 

Reactionx.—^\,  When  the  fatty  acids  are  subniitliKl  to  the  action  of 
masettnt  oxifgen  evolvi»d  by  t^lectrolysia,  the  carboryl  (<'00H)  mntaini'd  in 
thfTn  is  mnolri'd  into  water  and  oarbou  dioxide,  and  tlie  alcohol -radicle  ia 
aet  free  (p.  492) ;  thus  : 


VBlerIc  acid. 


+     O    =     H,0     +     2C0,    H- 


blbutyl. 


2.  Whon  the  aminonlara  Bait  of  eithor  of  thwe  aeida  is  ht*atcd  with 
pfiotphoric  oxidf^  it  giv^'H  up  water,  and  is  convertrti  into  the  cyanide  of  the 
aid) hoi- radicle  next  below  it  ;  e.  y,,  ammonium  ac«tat«  into  oielhyl  cyan- 
ido : 

CH,— CCK)NH^    —     2H,0     =     CIlj,— CN. 

This  reaction  Is  the  oonTersp  of  the  fifth  mwl*!  of  formation  aboro  fHT<ni* 

3.  By  diHtilHng  the  potassium  tinlt  of  a  ffttty  b<mM  with  an  eqnivalent 
quantity  of  potoMtum formate,  the  c(>rrf8pouding  aldehyde  is  obtained  ; 


CH,.CO.OK 
AeetMe. 


H.CO.OK 
FormAte. 


=   cH-.ron 

AltTebjrila. 


CurboDAte. 


and  the  aldehyde,  treated  with  naacent  hydrogen,  Is  converted  into  a  pri- 
mary alcohol  (pp.  558,  605). 

4.  By  snbjwting  the  barium  or  calcium  salt  of  a  fatty  acid  to  dry  dis- 
tillation, a  HJmilar  decomposition  tak**  plan?,  renulting  in  tho  fonnation 
of  a  k«t»tne  ;  and  tl>»*  krt«'ni\  trt'ated  with  nascent  hydrogen,  yieltls  a 
aeoondary  aloohn^  (pp.  fiSS,  *i77). 

By  theso  renctions,  the  fatty  acids  may  be  converted  into  alcohols. 

6.  The  fatty  acitU,  heated  with  nlnJuJ*  In  s<ra1e<l  tubes,  yield  compound 
•therSi  or  ethereal  salts,  water  being  eliminated  : 

4.    uor.ii.    =r    ii_o    +    c,H,o(or,H4) 

Ethyl  Ethyl 

butymte. 


CJI,0(OH) 

Butyric 

sold. 


version,  however,  is  never  complete,  a  portion,  both  of  the  acid 


acia  J 


maAlfceml,  tin  wkAt«Tf-r  pfoparikm  Hitef  wtf 


I 


m4  aT  tiM  •iM^ol, 

tW  lihiwl  ttUa  «r  tk»  M^  avU*  an,  Ibr  tb«  na»C  psrC,  m*  fi«4f 
•htUaaA  bf  Mttag  ttpoB  tb«  Ualul  vitk  *n  acid  ddarii^,  at  bv  ying 
k/«iMUBtteMU«»lBte«flokaSin«(tf  tlv  tatij  «cid  ia  Um  ■iaibaC;  ita 

c;^H^oa  +   BOCA  =•  Ha  +   c^H/xoc^nj. 

Ameihtt  SkHbod  retj  iwiiailjr  adopCeiJ,  it  to  lUstU  *  pirtaashiai  mU  if 
tk«  C»U/  acid  vilk  a  aixtuv  at  Ihe  akolwl  and  «xnao^  aolphaiio  mM. 
la  tUa  «w  SB  ac4d  lolpliiirie  «tlk«r  ia  ftnC  loraod  (as  Kkjl-aulplmiaBDii 
fraa  atl^  abdhal,  p.  &73),  and  tkia  acta  open  1^0  sail  ot  lit*  fatt/  aal 
im  tka  ■■nniii  illntnted  bf  tko  cqaatian : 


8QL(HO>OC^,  + 
■UoriUttlrkafW 


Pof«Ml«a 
kaejrmi*. 


»H,0(OCA)   +  SO-(OH>(Ot) 
EtatI  ArM  pAtMttttui 


tatjrnte. 


4 


I 


The  etiiercal  aalu  of  tb«  futj  acids  ar»  talh»r  rolatn^,  olljr  or  arrmi 
Uaoids,  or  orjitallhia  aoUds,  far  th-     -        '^rt  inaolnMe  In  vat^, 
arJnbU  in  alcofaol  and  in  eth«r.     WK  viih  poCnak  or  aoda. 

tak«  up  vater  and  ar«  lapanilled,  tli:.:  .^        ._; ,  rtat>lr«mi  into  tli«  akc^i 
and  aotd  ;  «.  y.,  «tli.rl  bat^rate  into  bul/rie  acid  and  vthjrl  ainitud  : 

r.n,o(ocviO   +   hoh   »   c,HjO(ou>   +   c,h^(ou>, 

8.  Th«  fkttr  acids  are  stroo^lj  acted  op-m  b^  tfae  cA/oridaf. 
•iyU»tid»$,  apJ  tkfj/immiJn  tf  pUiphinu,  yielding  aeid  ch  1  or  idi*s  oiul 
bromides,  tho  phoaphonts  being  al  the  saniQ  Una  coarcjied  into  plia*- 
phoroaa  or  pha>pliuric  acid  ;  thus :  ~ 

3c,ii,o((ju)   +   PCI,    =  po.ii,  4-  sr^n,oa. 

3C,H,0(0H)    +    pa,o   =.    PO.H,    +    3C,!l,on. 

CjH^CHon)  4.  po,  —  pcijO  +   Ha  4-   c,H,oa, 

T1ies«  acid  oiUoHde*  arw,  for  the  moat  part,  oily  liqal^^s,  baring  a  pangvj 
acid  c>lnr ;  thejr  are  easUr  d(<composod  hj  water,  jieMin)^  the  fattr 
and  hrilntchlorio  acid.     This  deomipdfiition  tnkrs  plocv  also  wh(!>n  Ibcr 
rxposod  to  Itirt  air:  heaoe  tb»r  **tu)t  dense  acid  faniM.     Th<iy  react  in  as 
«>xA0lt;r  similar  maunrr  with  alcoliols,  as  atiore  mentioned,  jrieldin^  bjdtv- 
vhlurio  auid  and  a  uua|K>und  etber. 

7.  The  fbtoridea  ci  tbo  acid  radiclM,  C.H,,  +  |0,  act  riolcntljr  on  ■"*- 
uiunia,  forming  ammonium  chloride  Aud  tbo  oof  responding  amidoSj  acAiio 
chlorido,  for  cxampl«\  virlding  acelamitie: 

c,n,oci   -h   2Na,  =   .\n,a   +   NH,(C,n,o). 

8.  The  acid  chloride*,  distilled  with  n  mi-<tal1!c  salt  of  the  com:»pondtng. 
acid,  vifM  a  metallio  chloride  and  the  oxido  or  anb/dride  oorrcspond* 
iug  with  the  acid  ;  thus  : 


C^HjOa     +     C,H,0(OK) 


KCi     +     (r,H,0),O. 


In  like  manner,  when  disttllcxl  with  thf<  p(>lAK«tium  salt  of  another  mon-l 
atomic  aoid,  thcjr  yield  oxidod  or  auJiydrides  containing  two  moiiatomie' 
acid  radiolDS  :  0.  g., 

c^.oci   +   c,HiO(OK)   =  Ka  +  p^y*** 

Acetto  PnriMium  A<'r(c>  s* 

dUorJda.  twuxoato.  loio  oxiile. 
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The  oxU1*«  of  the  f&tiy  acid  radicles  mA/  also  bo  prepnred  bjr  htMting  « 
dry  Itiml-Milt  of  the  acid,  in  a  scaled  tabo  with  carbon  bisulphide  :  «.  y., 


L«cad  noctntc. 


-i-     CS,    =     2PbS    +     CO, 


+     2(C.U,0),0 
Adotla  oxide. 

Thti  oxidt^  of  thn  fatljp-  a'jid  radicloR  are  graAuaWy  dotmmpnHisI  hy  wator, 
quiukl/  wUeu  buatud,  /it.*lding  two  mulvcuh^  of  tito  corresjKiudiiig  acid  : 

(c,n,o)^   +    11,*^   «■   2c,H,o(on). 

Thoae  oontaining  two  aoid  radicles  yield  one  molecule  of  each  of  the 
oorresponiliti);  aridit. 

In  contaol  witli  alathotic  orule*  (ox^yen-dAers) ,  the  aoid  oxides  are  oon- 
T«rtcd  iutu  otht-rral  salU  : 

(r,ii,o)„o  H-    cr,n,),o   »   2c,n,o(or,nj) 

AcQtlo  oxide.        Ethvl  oxitlti.  Etliyl  acetAte. 


With  alrahoh,  in  like  manner,  they  yield  a  mixtnre  of  a  eompound  ether 

with  the  acid : 

fc,ii,o),o   +    c,Ua(oii)   «   c,naO(ac,Ff,)   4.   c,u,o(ni!) 

Aoetto  uxide.        Etbyl  alcohol.  £thf  1  ncctstv.  Aoetlo  acid. 

The  aoid  oxidea  are  decomposed  hy  amtMfnia  ga$j  yielding  a  mixture  of 
an  ainiuuiiiuui-eall  with  an  amidu;  e.  y., 

(Qii,o),o  +  2^'HI  "  c,H,ocoNnj  +   Kn,CAO. 

9.  Th«  fatty  acids,  snbj«ted  to  the  action  of  chlorine  or  bromine,  give  off 
hydrochloric  or  hydrobromic  acid,  and  aro  convert«id  into  BabBtltution-com- 
p4iuu(]s  cjntnining  one  or  uxora  atoms  of  clilorinu  or  bromine  in  plnco  of 
hydrogt^n ;  Imt  it  is  only  tho  hydrogen  within  the  radicle  that  can  l»e  thus 
exchangrd,  not  tliat  ludonging  to  tbn  hydroxyl  group  (thu  so-cnlled  tifpic 
liydrngcn),  ho  that  the  nunibur  of  chloriue  or  bromiue-atoma  iutixKliictMi  in 
place  of  hydrogen  is  alwa>ii  leiw  by  at  leant  one  than  the  number  of  hydro- 
gun-atoma  In  the  acid : 

+   CI,  —   HQ   -4-   c,n,cio(on) 

Chlorocello  ttoid. 

+  3CL  s  aiici   4- 


c,n,o(on) 

Acoiio  Add. 

rjii^o(OH) 

Aceiia  acid. 


TnoblornccUo 
scld. 


The  iodated  aelds  of  the  same  aeries  (or  rather  their  ethereal  salts) 
aro  obtained  by  heating  the  oorrusponding  bromino-compounda  with  putatf- 
sium  iodidu : 


C^n^BrOCOC^HJ 

£thyl-brom- 

aoalate. 


4-     KI     =     KBr    + 


c,n,io(or,n,); 

£tbyl -led  acetate. 


and  the  others  trcfitcd  with  potash  yield  potAssitim  aalta  of  the  iodated 
acMs,  from  which  the  acids  may  bo  obtained  by  decomposition  with  sul- 
pburio  add. 

10.  Thechlorinnted  and  broralnated  fatty  aolds,  bo(h?d  with  irrt/er  and  *i/('«r 
oxitle^  exchange  (he  whole  of  llu'ir  ehlnrloe  or  broinino  for  nn  **r|uivalent 
qnautity  of  hydroxyl,  producing  new  aHHs,  whir-h  differ  from  tlip  primi- 
tive s%cHin  by  a  nunihcr  uf  atoms  of  oxygon  equal  tu  thu  uiuubur  of  atoms 
if  cliloriutj  or  bromine  present ;  0.  y., 

58» 
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firoiiiAcetlo 

H- 

Ag,0     -f     11,0 

«     2.Agnr 

C.ll.llr/., 

+ 

Asfi     +     IJ,0 

—     2AgBr 

4-      C.H.o,  . 

Dibrumu- 

l>ic.>  ■. 

buiyrlo  flcid. 

butyric  .'  oi 

Dichlonuclio  an-i  trichloracetic  ociil  arc  not  sufljeimtlv  staMi?  tof^MWi 
tluA  ImnBfonn&tiou,  lUi*ir  mulecules  splitting  up  uJtuguthfr  when  bolM 
wllb  sUvrr  oxidt;. 

11.  Ttiu  uHJiuHilitoriuaWd  ftnd  innnobrominnted   acids,  «ubJeot«4t»Ui»'^ 
Ai'tinn  nf  An   nlcoholto  8f>lutiun  of  omiwiiia    t/as,  yieUl    ainiiiouhim  chloriU 
aud  a  now  acid,  in  wliicU  ttio  chlorine  or  brn]uinr>  t:«  rtrpUcvyl    brunidi*- 
gt-n.     ThUH  mououhtmacutic  acid  yivldu    aiuidao«tio    aotd     or  kIi- 
cooine: — 

C,»,nO,    +     2NH,    -     KH.Cl     4-     C,H,CNH,)0,, 

Therft  li  another  wax  ^'  viewing  these  iiiiiidated  acids,  which  irfl]  be  e 
■idered  huruafttir. 


Pormlo   Acia,  Cn,0,  =  CHO(OII)  =  n.CO.OIl — This  ai?id  owomj 
in   the  coucvntratt^i   At.itc  in  ih<*   botlioa  of  antit.  in    the    hair»    And   otht 
pnrtJt  of  curtain  uatorpillara,  luid  iu  ntingiug  uotlU^H.      It  may  lie  pmdur 
hy  tho  first,  Bwoud,  mid  fourth  of  the  aljovc-uit'utioned  guni-rnl  iiu<tfM>ls 
forming  tUo  ffitty  a<!idrt — viz.,  by  lii*'  tilow  oxidation  of  nit-thvl  alcol 
of  formic  nldfhvde,  in   rantact  with    plntinuoi  Hark,  and  as  a  |Ktt 
salt  by  hcatii));  hydrocyanio  acid  (liydroi:*'U  cyanidrj  with   an   ikXi 
solution  of  potash  :  — 


UCN    +    KOH    +    n,o 


NIT,    H-     CnO(OK)  . 


It  is  also  produced  by  certain  spwlal  reactions — vis.,  1.  B^  paasii^ 
carbon  monnxidu  ovit  umiiit  pntoa^iutu  liyilnjxide,  ttie  gas  beini;  therubv 
abeortwd,  and  producing  polassluiu  formate  :— ■ 


00 


+ 


IIOK 


COH(OK) 


The  absorption  of  tho  pan  is  accoleratiHl  by  the  prf>sonco  of  a  considers) 
quantity  of  water,  and  still  more  by  alcohol  or  etht-r. 

2.  Tty  parsing  onrlion  dioxide  and  water-vnporovor  pritoMiura  at  a  mode^' 
rale  heat,  acid  potasaium  carbonate,  KHCOg,  being  formed  At  the  sains 
time : — 


K-     +     2C0j     4-     H,0 


KHCO,     -f     KCHO, 


3.  By  thc!  action  of  B>>dinra-ama1gam  on  a  strong  solution  of  aninionJi 
carbonnto,  and  by  boiling  Bin<ydust  (a  mixture  nf  metallic  tine,  oxide, 
and  hydrate),  or  sine  carbonat^with  potaf<h  solution.  In  both  these  cases 
tlie  pHKluittion  of  formic  .nrid  is  due  to  the  naxct^nt  hydrogen,  which,  ia 
presence  of  thn  alkali,  unites  with  the  CO,  of  the  carbunalu  : — 


U,0 


CO,        -h        Kon        4-        H,  HCO,K        4- 

4.  By  distilling   dry  oxiilic   acid   either  alono  or  mixed  with  sand  or 
pumioo-stone,  or  IwtttT,  with  glyoeriji  : — 

Ic,n,o,      -      CO.      4-      CH,o, 
5.  By  hoilinjr  chloioforni  with  almholic  solution  of  potash 


UCCl,    4-     4KaH     -     3KC1     4-     ^".o    4-     II.CO.OK 
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6.  Bjr  the  oxidation  of  ftugar,  etarch,  gnm,  and  organic  snlMtnnoea  in 
general.  Tbi»  rt-action  affords  ft  convcnii-ut  mrtliod  of  i^rt'imring  the 
acid  :  1  part  of  vugar,  3  porta  of  Qiaug8n*^«'  dioxide,  nnd  w  pnrtH  of  wat^T, 
are  mixed  in  a  very  capacious  rt'lort,  or  largu  uii'^tal  still ;  3  part«  of  oil 
of  vitriol,  diluted  with  an  equal  Wfight  uf  water,  are  tlu'U  addiKl,  and 
when  the  first  viuh-ut  effervesL-^-nee  fmui  the  i:Hj*eiigafietnent  of  t-arlxin  di- 
oxiiKi  haj*  Hiilwidtii,  heat  U  cautiously  ai»i>lled,  and  a  u^Hinidorable  quao* 
tily  of  lii|iiid  dii^tilled  over.  This  in  verj  impure  ;  it  contains  a  volatile 
oil,v  m:itter,  and  isomtt  Hultstanco  which  comiutinicateH  a  pun-^ency  not 
pmpcr  to  formic  aeid  in  that  dilute  stato.  The  acid  liquid  is  neutralized 
with  flodium  carUiualu,  and  the  resulting  funuatu  purlUed  hy  crystalliza- 
tion, and,  if  neeilfiil,  hy  animal  charcoal.  From  this  or  any  other  of  ita 
sultd,  solution  of  formJo  acid  luu/  bo  readily  obtained  by  dislillation  with 
■ulphuric  aeid. 

The  lie«t  mtxle  of  preparation,  however,  conaiflta  in  hoatinij  oxalic  acid 
in  contact  with  glycerin.  Very  uoucentratud  glycorin  It)  added  to  crystal- 
lized oxalic  acid,  Cjll,0,  -f  21I^U,  and  the  mixluro  is  heated  to  lOtlolllOO 
C.  (212^-23(^  F.),  wher»?ui>on  carbtm  dioxide  escapes,  and  dituto  formio 
acid  distils  over.  As  soon  as  the  evolution  of  gas  ceases,  more  oxalic  acid 
in  added,  and  tho  boating  tyjntinuwl,  whereupon  a  stronger  formic  acid 
diatilii  over,  and  on  further  addition  nf  oxalio  acid,  and  lit-ating,  an  acid 
uf  constant  sttrength  {5G  per  cent.)  pusses  ovt-r.  The  course  of  the  reac- 
tion in  OH  fulhiM'M  :  The  ery>il,iUi/<-d  oxalic  a<rid,  when  heated,  girt^  up  ifa 
wntor,  and  the  retnaitider  foruih  with  Ihu  glycerin^  iho  uiouuforuiie  ether 
of  glycerin,  or  monoformin  ; — • 

and  thr>  oxalio  aold  aftrnrards  added  is  likewise  rosolvM  into  anhydrona 
a<;id  and  water,  which  ducomposos  tho  formin  Into  glycerin  and  formio 
acid : — 

OH), 


C  H  f  ^'"^ 


-f     H,0    =     CjfljCOH),    +     CHO.OH 


The  regeneratotl  glycerin  reacts  with  the  anhydrous  oxalic  acid,  repro- 
ducing mnnoforiuin. 

To  obtain  the  acid  in  ita  most  concentrated  state,  the  dilute  acid  is  satn- 
ra Led  with  lead  oxide,  the  liquid  is  eraporated  to  complete  drym^a,  and 
the  drieil  teoil  formate,  reduced  to  lino  powder,  is  very  ^enlly  heatiil  in  a 
ghisd  lube  ciinnected  with  a  condensing  apjiaratua,  through  which  a  our- 
T'^nl  of  dry  sulphuretted  hydrngen  gas  in  jHuibcd. 

I'ore  anlr>'drou«  formic  acid  is  a  clear,  colorltNSS  liquid,  which  fumes 
sli-jhtly  in  the  air,  ban  an  exceedingly  penetrating  ixlor,  hoiU  at  about 
lOLiO,*  aiid  crystallizes  in  large  brilliant  plates  when  cooled  Ndow  iiO.  Tho 
Bp<M;ilic  gravity  of  the  acid  is  1.233.  Ita  vapor  i»  inUaniniable,  and  liurnn 
with  a  blue  llarne.  f'oncentrated  formio  acid  is  extremely  corroHive,  attitek- 
iuj;  the  skin,  and  fonninf!  a  blister  or  an  ulcer,  painful  and  difficult  to  heal. 

Konnic  aeid  ]nix«*H  in  all  pro^mrtioiis  witli  water,  alcohol,  and  ethor. 
The  a<|U<^H)itrt  wid  has  an  odnr  and  tnfilo  much  resembling  those  of  actdfc 
acid  :  it  reddeuN  litmus  strongly,  and  deeoiuposes  alkaline  carbonates  with 
elTervescenee. 

FMrmio  noiil  aUo  unites  with  water  in  definite  proportion,  forming  a 
hydrate,  CII,Oj4- I|n,  which  rematn.s  liquid  at  low  temperat unit,  and  dis- 
tils at  lOfiO  (\  (222.80  F.).  This  hydrate  may  be  reganied  as  a  triatomio 
ftciil,  viz..  orthoformic   acid,   HC(OH),. 

Formic  acid  is  a  jjowvrful  reducing  agent.     It  may  be  readily  disliu- 

•  AtWJ<»(t.1fblg)t  100«(Prr»nnl;  101.1°  (Itoscoel;  106.fr°  (Koppb 


Mi 


TATTT    ACIDS. 


I 


gobhtd  ft«ai  Mvtio  add  b>-  lii'ating  it  with  soliilicn  nf  M7i*<r  niinjh: 
meUl  li  UiOi  rediuwd,  ■onu'ttmfA  in  tJi«-  pulronil.'tiL  ittAte,  «oincuiov« 
spi-ralar  coating  i>n  tho  {rliun  tulie.  ftiitl  oiu-Ikui  dkuciflu  b  «tolr«ift.    I(«r> 
curio  rhUir)i1<<  i»  riMliK'vtl  tiy  roriuit;  nujil  to  rnlomnl. 

Fnnnio  acid  litsitivl  with  oU  qf  vitriol  splits  up  into  wat«f  *od  cvk< 

CVi/uniw  cuuvcrU  it  into  liydroclilonv  aiMiI  &ud  corlmii  iltoxide: 

2UCI 


cn,o,  +   ci. 


4-     C(V 


Pormio  acid  hrAt4>d  with  fitronj;  ha»eM  ia  converted  iuto  oxaUo  add,  vi 
diacngogeuiviit  of  hydro^juu;  r.y., 

2ClIgO,    4-     BaO    «s    C^aO,    -j-     H.     +     rr^o. 

Formatea. — Tho  oomposition  of  theae  aalta  u  expressed  hy  the 
ul.T.  MCIIO,,   M"(CIIO^„  M"'((;llU,)j,  etc.,  acxxirdin«  to  tho  cquJToli 
value  uf  tlio  molnl  or  othor  posilive  radicle  voutaiuiHl   in  thf-m.     They 
all  MiluUo  iu  wator  ;  thoir  aolutioiiB  furiu  dark-rcU.  mixturt^  with  Wrt 
aalta.     \Vhi>n  didiUled  with  stroD]^  Bulphurio  acid,  tlit>v  k>^'^*  ^'tT  c^\ 
Siniinxido  and  leave  a  re&iduu  of  sutpUate.     Tho  fonuute?)  of  tltt;  alki 
inotalH  heated  with  tho  corrc^pondiug  aalta  of  other  fait/  acida^  rUUd  ■ 
oarbouato  and  aldeJiydo  (p.  GUA). 

Stxtium  /omiaU  crystallizes  in  rhoinhlo  prisms  containing  CTKXNa^fl. 
It  ft^lnct^  many  miUallic  oxid(«  tvlu-n  (nnvti  with  thrni.  JXittttt^'um  jormeff, 
CIIOjK,  is  difficult  to  cryutalliz)",  on  a(M»>unt  of  its  great  si>lu(dlitr.  Anf 
mutiiuiH  formate  cr/»tallizeii  iu  square  prii^ms  :  it  ia  Vury  soluhlcf  and  i»  (1*^ 
c<imi>o8t'd  at  high  truiperatures  into  hydrocyanic  acid  and  wutrr,  the  «1 
xncntB  of  which  it  cuuUiiw  :  CU<>,>'Hj  =  21I,0-f  ("KII.  The  furniat^ 
Insriwtn,  strtrnttum,  catciutn,  find  mtt'jitiMum  furni  sumtl,  prismatic,  eatiilr  i«ol 
ble  rrysliiN.  Ltmi  Jormttc  eryatallizea  in  rinmll,  divi-r^'ing,  ojlurl 
ucodlcH,  which  rwiuiro  for  suhitiuu  40  purtu  uf  odd  wnler.  The  wnn<faHOHM^ 
/em/us,  line,  tttcAti,  aud  ctthtlt  j'orfmjtcs  arc  also  cryBtuI!izaliU».  CuitrCv  form' 
ate  i»  vory  buaulifiil,  crystallizing  in  bright  hluo  rhoml>ic  prisms  of  ci>n- 
aidrrablt^Hiie.  Stiver  formats  ia  white,  but  slightly  solublv,  and  deootiipotitfd 
by  tho  loa*<t  elevation  uf  ttmiperature. 

Mffih^t  jonuntt^  CHO,.CHj,  tntdauierie  with  aoMIe  acid,  Ib  prepared  h 
1it>ntiu]|;  in  a  rittorl  etjual  weights  of  neutral  methyl  sulphnto  and  smlln 
fonnaff.     It  ia  a  verv  volntilo  liquid,  lighter  than  water,  builing  bvtw 
300  and  380  C.  (9(t.bC:-100.4O  V,). 

Kth\)i  fnr^nnte,  CHO^.C,!!,.,  motamrric  with  methyl  acelatft  and  propionic 
aoid  (\i.  4S4),  i^  pr^'par^fd  by  dislitling  a  mixture  (»f  7  partit  of  dry  aodiui 
formate,  Id  of  oil  of  vitriol,  and  fi  of  stronp  alcohol.  The  formic  othi-i 
Boparat«Ml  by  tht?  additimi  of  w«t<ir  to  the  diHtillod  prodnrt,  is  agitnttnl  witi 
a  litlle  magneBia,  an^l  left  for  several  days  in  cmitact  with  calcium  ulilorid' 
Ethyl  ffirnmte  is  e«»l"iU*M*i,  hna  an  aromatic  odur,  a  rlcTisily  of  (1.1)15, 
boilB  at  5liO  C.  (13li.80  K.).     Water  illaaolvea  it  to  a  aainll  ext<.'nt. 

EtKjfi  Orihiiformate,  TIC(OC,H,i)^,  la  produood  by  heating  clilorofonn  with 
flOdituu  etliylate  in  alailmlie  antntion  :  J 


i 


HCCl,    4-    3C,HjONa 


SNflCl     -I-     UCCOCanj,. 


It  iR  a  liquid  having  an  aromatift  odor,  boiling  at  14*lo  C.  (294.80  P.), 
inKolnbU^  iu  wati^r.     Wlien  hetiU^d  wUh  glacial  aoetio  aoid  it  ia  resol 
iuto  formate  and  acetate  of  ethyl. 
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Aoetio  aoia,  c,n,n,=sc;,n,o(OH)»r»,({'m)n).— Thu  add  ia 

found  iu  MuaU  quaiititii:^  iu  ilit*  jiiiifH  ut  pl/iuts  nnd  in  luiinial  fluiclH.  It 
may  be  pnxlncod  l»,v  »*ilhi'rnf  th*<  first  •ii^vi'it  gciicral  ua-thrKU  uf  roruintfon 
giv(!n  on  pages  {>8.WI8<i,  uiid  in  jinrticiiliir  b/  ihc  nhtv  oxiilalinn  of  aU'ohol. 
Wben  Bpirit  of  wino  i»  ilroppuMl  upon  platiimiii  Muck,  tlii.<  oxvgen  cou- 
dcnm'd  in  the  porta  of  the  latu?r  reai-U  bo  powerfully  upon  the  alcohol  ju 
to  oauhv  ilH  iuHtant  inMaimniiLion.  When  th«.'  spirit  lit  inixiil  with  a  litlle 
water,  anil  rtlowly  ilntppeil  u^xm  thu  flutrly  (tividi'il  uii'tnl,  oxidntion  hliU 
takt^  plauc,  but  with  loaa  energy,  and  vapor  of  aoftir  acid  \s  ahundantly 
evulvM'd.  In  all  IIil'AO  nuxUm  uf  furuiatiuu,  the  nctdio  acid  itt  ultiuiattdy 
prolurilik^  from  iuorgonic  iuatt;riaU.  It  i>i  aUo  furm{'<l  hy  tlit.'  aiHiun  of 
niuieont  hydrogen  on  trichlorac4?tic  acid,  which  may  itbelf  In?  produeed  from 
inorganic  uiatcriata.  Lastly,  a4*otic  acid  is  obtaint'd,  together  with  many 
other  producia,  in  the  dofttructive  diatillation  of  wood  and  other  regctablo 
flubataucob. 


Preparaiian. — 1.  Dilute  ftleohol,  mixed  vUh  a  little  yoast,  or  almost  any 
axotizod  organic  matter  susreplible  uf  putrefaction,  and  exposed  to  (he 
air,  sp<>(>dily  iHToiixii  oxiilixed  to  arctic  ai-Jd.  Acotir  add  \»  thus  ninnn- 
foeturt^  in  Germany,  by  auO'iTing  such  a  mixture  to  flow  over  wood  shar- 
ingft  Kt<>c]>ed  in  a  little  vinegar,  coutniued  in  a  large  cylindrical  vessel 
through  which  a  current  of  air  ia  matlu  to  pa.-«H.  The  greatly  extended 
surface  of  the  liquid  exp^xiilcs  the  change,  which  is  oomplcted  in  a  few 
hours.     No  rarlxtnic  noid  is  prorluceil  iu  this  reaction. 

Thu  betit  vinegar  \g,  made  from  wine  by  sptmtaneouB  aoldlflcation  In  a 
partially  tilled  cuiik  to  whirh  the  air  hmt  acuetiM.  Vinegar  is  Ilrt<t  intro- 
duced into  the  empty  veHael.  and  a  quantity  of  wine  added  :  alter  some 
days,  A  second  jwrtiun  of  witte  is  ]>i)iired  in,  and  after  .similar  inlervals,  a 
third  and  a  fourth.  When  thu  whole  has  become  vinegar,  a  quuiitily  ia 
drawn  off  equal  to  that  uf  thu  wine  employe<l,  and  the  pracc«8  la  recom- 
meuced.  The  teuiperuture  uf  the  building  is  kept  up  to  30^  C.  (80*^  F.). 
Such  is  the  plan  ulopted  at  Orlean.i.  In  England  vinegar  is  prepareil 
from  a  kind  of  beer  mode  for  the  purpose.  The  liquor  is  t'JC|ioBi<d  to  the 
air  in  half-empty  casks,  loosely  stoppeil,  until  aci<iiflcation  is  complete. 
friH^uently  a  little  Hulphurio  acid  is*  aft.rwnrds  add<*d,  with  tJie  view  of 
eheuking  further  decompufiitiun,  or  jnothcrintj,  by  which  tJio  product  would 
b«>  H(>oil<Hi. 

When  dry,  hard  wood,  as  oak  and  boooh,  is  subjected  todeatructlvo  dis- 
tillation nt  a  TK-^i  heat,  acetio  acid  is  found  among  the  liquid  condensable 
prodticl-sof  the  o]>erntion.  The  dtstitlation  in  conducted  in  a  large  iron 
cylinder,  to  which  a  worm  or  condenser  its  attacheil ;  a  sour,  watery  liquid, 
a  quantity  of  tnr,  and  much  inllainmable  goii  pass  over,  while  chan-oal  of 
exe<'ih'nt  quality  remains  in  thu  retort.  The  acid  liquid  is  Hiibjwlwl  to 
diHtillntinn,  the  first  portion  being  colbxited  apart  for  the  prepuiation  of 
wrKMl-tipirit.  The  remainder  is  saturated,  with  lime,  c^^tncenlrated  by  ev&|>- 
oration,  and  mixed  with  the  solution  of  sodium  sulphate  ;  calcium  tiulphate 
is  thereby  pn-cipitated,  while  the  aoetio  acid  is  transferred  to  the  Kuda.  The 
liltered  Holution  is  evaporated  to  its  crystallizing  point  ;  and  thu  crystals 
are  drained  afa  much  as  poitsthle  from  thv  dark,  tarry  mother- liquor,  and 
deprived  by  heat  of  their  c«mibine<l  water.  The  dry  halt  is  then  cautiously 
fiisetl,  by  which  the  la«t  portions  of  tar  are  decomixwed  or  expelled:  it  is 
then  redissolved  in  water,  and  recryst-allix'^Hl.  I'lire  sodium  acetate,  thus 
obtained,  rea^Uly  yields  acetii:  acid  liy  dif^tillntion  with  sulphuric  acid. 

The  strongeftt  acetic  acid  is  prepari*d  by  distilling  Iliwly  powderwl  auhy- 

eio'lium  acetate  with  three  times  its  weight  of  atrong  sulphuric  acid. 
[uid  ia  purified  bv  rectification  to  free  it  from  WKlium  sulphate  aoci- 
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■  iiiiiilli^»th>«S«TatmtTal— rf  tWwUl  piitiTii  i  i  U  UiemTjS^ 
*  Biaohaate  aeU,  it  f—<  fwm  asT-  acU  Mia*  i^iyi^y  so  <all«<d,  tkat  b» 
hgr  Wflii  Biiit  af  ■  part  af  te  tj^  hjdro^em  ip,  $H};  bat  Hm  bvwaI 
■drtf  af  tlM  allr^K  nwtafc  ma  tafc*  mp  a  —U  i  ■!■  <<  aeetie  M»d,  JBsl  w 
ttkfy  t&k»  «p  TU«r  of  gyattlMtiia^  ifniig  «to  aalbd  Acid  ac*. 
tsl»a  nr  dUe*tat«s,  liC,H/VfLH^<V  IVata an  alM  baeio  a<wiAiM, 
iirwwJ  Vr  th0  aaaoa  <r  a  ■ofcffitt  aC  a  iiia—l  MaHtu  with  a  laohmtU  gf 
■iftalUa  catdtf  »  hjdtatau 

PaTAmtrn  ArVTATas. — ^Tb«  i  «  if  a«b,  KC^IVV  crrBtallbea  viUk  ^raU 
dlAeultf !  it  M  pfttf nil/  OMi  with  as  a  iDJUted.  white,  cnvtaUina  mmm, 
oMaiiwfJ  by  n«nitrslixiD^  potaMlani carboaatv with  aevcic  acid.  iTa[WMlM 
to  dryTi«m^  ao'l  li<-atiafr  tfa«  aalt  toftttim.     It  is  exir^m^y  litigiiimumt. 

ami  ftoliiMe  In  «st*>r  and  alcohol ;  the  polation  is  as^all.r  alhalin*.  fKm  a 
liltl*  1oa>  of  acia  lir  the  lu-al  to  wbieh  it  ha«  !•««  •aWjeoted,  |S«Bt  (h« 
al<v>li<»lk>  Noltilkm,  [mUaiiaio  carboiuUA  ia  ihr  -ti  ItT  a  ttrwun  of 

carbon  tlivxidi*. 
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Tlie  aciii  mil,  KCjH-iOi.CjHjO,,  Is  formed  hy  evapnrating^  a  sulntion  of 
tlie  ueutral  salt  in  ttxcvsa  nf  uut^tiu  aci<l|  and  cry9UiIlui>»  hy  alow  uvapora- 
tion  in  lon^r  flattened  prisum.  It  is  very  deliquescent,  atul  deoouposoji  at 
20«P  C.  (392°  F.)t  giving  off  cry s tall ixable  acetic  acid. 

Sodium  Acbtatk,  >'aC,HjO,  -|-  3Aq. — ^The  mode  of  preparation  of  this 
aalt  on  the  large  scale  has  l»e€n  already  dr^crilwd:  it  forms  lar^e,  trann* 
pjii-i'nt,  o(dorless  crystals,  derived  FroiD  a  rhomhic  prism,  whit^h  are  easily 
reinlered  aiihydroii»  hy  heat,  efflorese«  iu  dry  air,  and  diHsove  in  3  partti 
of  ooM,  and  in  an  ^nal  weight  uf  hot  water  ;  it  is  aUo  stduUe  in  alcohol. 
The  ta&ie  of  thid  salt  ia  cooling  and  ualinc.  The  dry  salt  melts  at  '2bif>  C. 
(550.4^  FOf  and  begins  to  docompoee  at  31&0  C.  (599C>  F.). 

AMM05if7M  ArBTATKfi. — ^The  neutral  aerfate,  NH^CjHjOj,  Is  a  wliite  odor- 
letiA  »n.\t,  ohtainetl  liy  Halurnting  glaei.-il  acetic  acid  with  dry  amiuniiia  ^u.h. 
It  is  very  diifieult  to  obtain  in  ihtieryglaLlinefurm,  for  ilsaqnts^iuHsuintion, 
when  evaiH>raled,  gtve«  off  amuiouia,  and  leaves  th«  atid  jtalt.  When  <li8- 
tillril  with  phosphoric  oxide,  it  losefl  2nK>lei-nlea  of  water,  and  givefl  off 
ethonyl  nttril  or  aoetonitril.(r,Ii3)N  =  NIl/'^HaO,  —  211,0.  The  aqm*oua 
sulutiuu,  knuwu  in  t!ie  Vhttruiacop4L>ia  aa  SpirituM  Mimirrm,  ia  prepared 
hy  H&turatiug  aqueons  acetic  acid  with  ammonia  or  ammonium  cnrlionate. 

Tho  arid  wit,  NHjCjHjOj.CjH^O,,  is  obtained  as  a  cr^'stallinp  Rabllmato 
by  heating  powderi*d  aal-ammnniac  with  prtlasHium  or  caleium  acetate, 
ammonia  l)cing  giren  off  at  the  same  time  ;  ali>o  as  a  radiated  cr^'slalline 
xnwa  hy  evajKfrating  the  aqueuiui  solution  of  the  neutral  cialt. 

'J'he  acetates  of  bariuM,  ttroutitm,  and  calcium  are  very  solulile,  and  can 
be  procured  in  cryntaU  :  maffnenum  acetate  crystallizes  with  dilficulty. 

Ai.!TMiiTiP>i  AcBTATJffl. — ^Thft  neutral  salt,  Al,(CjH,Oj),,  in  very  aolnblfl  In 
water,  and  drieu  up  in  the  vacuum  of  the  air-pump  to  a  gummy  ma^a 
without  trace  of  crystalliration.  If  foreign  salts  are  present,  the  «iiIution 
of  the  acetate  becomi-s  turbid  on  healing,  from  the  separation  uf  n  boitit^ 
compound,  which  reilibsolve:^  an  the  liquid  cools.  Aluminium  acetate  ia 
mu>-b  employed  in  calico  j»r!nting  :  it  \a  prepare^i  by  mixing  Milutionii  of 
lead  acetate  and  alum,  and  tllteriug  from  the  insoluble  lead  sulphate.  The 
liquid  im  thickened  with  gum  or  other  suitable  material,  and  with  It  the 
dt^ign  is  impre.4sed  upon  the  cloth  by  a  wofid-blnck,  or  by  other  means. 
Bxposure  to  a  mo«lerale  degree  of  heat  drives  off  the  acetic  acid,  and 
leaves  the  alumina  in  a  &tato  capable  of  entering  into  combination  with, 
the  dye-stuff. 

Some  very  interesting  researches  on  aluminium  acetate  have  been  pnb- 
1i»he<l  liy  the  late  Mr.  Walter  Crum.*  The  iwlution  obtained  by  ihKvim- 
|m»ing  aluminium  i^nlphate,  Alj<.s<»4)s,  with  lead  acetate,  may  b<»8uppofied  to 
contain  neutral  aluminium  weeiate,  (AI,K*-"|H3*'jJ«-  "f  AljOj.at'^H^Oj.  This 
salt  cannot,  however,  be  obtaimtl  in  thedrrstate.  If  the  solution  U»  rapitlly 
eva{>orat(H)  at  low  temperatures,  by  l>oiug  spread  in  thin  layeni  on  glass 
or  porcelain,  a  basic  vjivUn  oi-etate  is  obtained,  having  the  comptMilion 
A1,(),.2C,U,0,  +  d.\q. ;  but  if  the  solution  be  left  to  stand  in  the  i^tld,  or 
suhmitled  to  the  action  of  heat,  ituoitihle  basic  salts  are  prei'ipiUiti*d,  dif- 
fering in  composition  from  tlie  former  by  containing  in  the  lirsl  case  6ve, 
and  in  the  second  two.  molecuh^  of  water  instead  of  four. 

The  soluble  aluminium  acetate,  when  ex[)oeHd  In  a  dilute  solnlion  to 
the  temperature  of  htiifing  water  for  several  days,  nnder_70e«  a  very  re- 
mArkablc  change,  the  whole,  or  nearly  the  wltnh',  of  the  acetic  acid  h*«ing 
expelled   by  the  action  of  heat,  and  a  peculiar   soluble   modiJicatiun  of 

•  Ohem.  Ftoc.  Q.uaT.  Joura.,  ^\.  VA. 
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ftltimiDA    (already   dt-Bcribed    ntidur   AL(;iiiiiiiCM,    p.    341),    rcmaiuing 

BlillltioH. 

Munt^ne^t  acetate  forms  colorlpfis,  rliotubio,  prUmatic  crystals,  jwnitnnci 
in  the  fttr.     Fermu*  acttutv  i;r>^iuUizt>a  in  small,  grii-ni^h- while  ooctll 
Vfry  prone  to  oxltlation  ;  ImjiIi  »ulUt  dissulvv  fruvly  in  waiur.    Ftrric  uettt 
is  II  diurk,  bruwnish-riMl,  uucryntallizable  liquid,  of   poWL-rful    AAlring 
tafltu.     (-\Atalt  acetalr.  forniH  a  violrt-tolortMl,  crystallinp,  dilitjut-iitvtit  tu 
Tbu  nt'chei  suit  hv^&Tiiiva  in  gruou  cTy»taU,  wUicb  dittGuIrc  iu  t!  parta 
water. 


Lbad  AcETATKi*. — ^Thp  normal  $alt ,  Pb(C,HaO,),+  3Aq.,  i«  prepared  on 
largf  Hcale  by  tlift^ulvin^  Uthargti  in  a<-etii;  acitl  ;   it   may  be  obtained 
coU>rU«s,  transparent,  priumulic  cryut.iU,   but   is    goiu'rally  mr-t  with 
uuiuuicruo  ad  a  confU!»>Mll3' crystalline  mjuib,  somewhat  reueuiblin^  luaf-eug; 
From  this  ciruunuitanee  and  from  it«  hWiH!t  tantf,  it  is  nfffn  called  nnjar 
lead.     The  crystals  arv  «olu\"k'  in  aln>ut  1^  partH  of  wld  WHter,  tflKircKce 
dry  air,  and  melt  wii**n  gimtly  beated   in    tbcir  water  nf  cryiitnltiintion? 
lliifi  waller  is  cOHJly  driven  uff,  and  tbi*   anbydrous  Rait  obt.'tiiu'il,  which 
uultti,  and  aftcrwardh  dfCump<«os,  at  a  bi^h  tfuiperaturn.     Acetaty  of  Id 
is  lolubU^  in  atc-ohol.     Tht5  aqueous  aohition  has  an   int4*nflely  itwcet 
at  the  tiainu  time,  aetringent  liitite,  and  is  not  precipitAted  by  azuznon: 
It  is  an  article  of  great  value  to  the  chviuist. 


I 
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Basic  Acetatr*  (  Subacetafes)  of  Lfad. — A  geitqvihasic  acetaUj 
2I'b{r,Hj(>3)5.ri»<.t,  is  proilutH'd  when  the  neutral  nnbydroujt  salt  is  so  far 
decom])iiHed  by  beat  as  In  liecnnio  t'onvt-rled  into  n  pnn-UH  wliit<>  nia»&,  do- 
cimiptMabb!  only  at  a  much  hij^ber  tcoiptTature.  It  in  Mduble  iu  water,  and 
Bepnrates  from  the  solution  evaixfrattii  to  a  syrupy  coneinttiiie  in  the  fnrui 
of  crystalline  scales.  A  trijtlumhic  arrtotr^  l*b(CjHjO,)j.2rbO,  is  obtained 
by  digi!8ting,  at  a  moiluratu  hi-at,  7  parts  of  finely  jMiwdtTt-d  litharge,  ti 
partit  of  lead  acetate,  and  3t^  parts  of  wait- r  ;  or,  by  mixing  aeold^atura 
Bolution  of  neutral  lead  acetate  with  a  fifth  uf  He  voltmir  of  caustic  am 
nin,  and  leaving  tbv  whole  for  sodid  time  in  a  «>viri*d  vi-ssel.  Tb 
Sfparatvti  in  minute  needbis  containing  one  mulfiutc  of  watrr.  The  aota 
tiou  of  bttstc  acetate  prepared  by  the  iimt  nii*tbi»d  in  known  in  pharmac|f^^ 
nnder  the  namn  of  fiouUird  utttrr.  Tbert*  \»  almi  a  urTftfiiutfiir  orWoM^H 
Fb(C,li,Ox),.r)lMM!),  formed  by  luldinf;  a  threat  excese  of  ammonia  to  a  soLwIB 
tion  of  normal  lead  acetate,  or  by  di>;i'q4ting  the  normal  hall  with  a  largB 
quantity  of  oxide.  Il  \a  a  wbttt%  slightly  eryslallinc  substance,  inaolobie 
in  cold,  and  but  little  aohiblH  in  ImilinR  water.  The  Mtlulions  of  the  liaslo 
lead  ao(*tates  have  a  strong  alkaline  reartion,  uud  aln^orb  earl>cinic  aeid 
with  the  grealciit  avidity,  becoming  turbid  from  precijfilatiou  of  baaio 
curlNjuatti. 

rrPRir  ArRTATCT. — Tlio  nnrmnl  ncrtatr,  rii(r,Hj,0,)j -f-  Aq,,  h  prrparcflH 
by  diattolvin)?  verdigris  in  lint  aeelic  aciil,  and  leavinir  Ibe  filt«-Tt-<l  eohitkUi^l 
to  wxd.     It  forms  Wautiful  dark-greeu  er>filal«,  whiih  dissolve  iu  14  partfl 
of  cold  and  5  part«  of  iNiilinj;  wnt*r.  and  ar»^  also  Koluble  in  alcohol.     A 
solution  of  this  salt,  mixinl  with  su^ar  nml  heated,  yields  cnpric  oacide  in 
the  form  of  minute  red  octnluHlral  crystals:  the   residual    copper  Holution 
b  not  preripitrtt.sl  by  an  alkali,     rnpric  aeetate  yh'lds,  I>y  destructivu 
diatillatiun,  strong  aeetie  aeid  e«nitainiiiji  neelone   an<l   rontnniinat«»d  with 
onp)H>r.     The  salt  i«  sometimea  called  tfu^o/  Pcn/iyriji,  and  la  used  aa  ^' 
pigment.  ^H 

Tinitir    Cuprir   Ar  '^■ommnn   vcrdij^ris,    mnde   by   exposing 

plites  of  copper  to  th»  weeka,  in  oo'-  '»h  acetic  «cid  or 
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nuTo  of  grapes,  in  a  mixture  of  ujreral  baatc  cuprio  AwtAttm,  which 

ivf  A  KHwii  or  blue  CT>lur.       One  of  Ibf**.',  2Cii(CjIl,Oj),A'uO-4-  'jAq.,  in 

itttAiiiiHl  liv  digc^Aling  tln'^  powilortKl  %'or>lit;:riH  in  wnnn  wal*'^,  ami  Ictiviit^ 

10  H<ilul)l*.>  part  lu  e]>fintAii<x»UB  uvaporation.     It  (otui»  a  liliie,  <rry(<lal)iin< 

but  little  HolubU*  in  ctjUl  walfr.      Wlit-n  Ixiilnii,  i1   ri»*|n»?(il->«  n  brnwii 

)Wil*tr,  which  iit  a  ftulwaU  with  Inrgt*  (^xix'bh  of  U'tse.     Th<>  grt>i?u  initnlublo 

ililiiw  of  th«  vvnli^rU  i-oiitoinH  L'u(r,H,(\),.2CuO+ 3Ac(. ;    il  may  !« 

<l  1)^  flig».*8ting  normal  (!n|irie  ac(*lati!  with  Xhoi  hjrilrattnl  oxIiIk.     Ry 

litlng  with  water  it  ib  resQlveii  lutu  uoriual  acetate  aud  the  brown  Inuiio 

lit. 

Silver  Acrtatb,  AgC,H,0^,  is  nbtained  hy  mixing  pota88iamai.-<ntM4*  with 
silvt^r  nitrate,  ami  wofihin)^  th<'  prriMpitaly  with  w»ld  watrr  to  r#'inoVf  thti 
]>ota^»ium  iiitrat*'.  It  (ryhta)llz«-ri  innti  a  waiiu  Holutioa  in  suall  uolurlcu 
noti*Ilo>i,  which  haru  bat  liltlv  «ulubility  in  thu  uuld. 

Mercm-oiu  acetate  fonns  small  soaly  aryatals,  which  are  aa  feebly  solaUe 
as  tUoue  of  auutate  of  silvor.      Mercuric  acetate  diasulveii  with  (oviUty. 

Mbthtl  Acrtatb,  CHv^^'aHjO,,  ncaurs  in  crude  wood-»pirit.  It  w  propnrod 
by  distilling  2  partit  of  tm-'lhyl  alrolml  Hith  I  part  of  glatifil  atvlic  A<:i<l  and 
1  part  of  sulphuric  acid,  or  1  part  of  mt^thyl  aluoUul  with  1  part  of  pntas- 
eium  at^'tate  and  '2  parts  of  solphuric  acid.  When  puriHed  by  rvctiUcalioa 
over  catuiam  chloride  and  quick-lim«%  it  formti  a  colurlcfls  frn|;raut  liquid, 
of  ap.  gr.  OMb&l  at  )/--,  boiling  st  5.1^  or  StP  C.  (1310-132.8^  V.).  It  dia- 
sulvoa  in  wat«r,  and  mixen  in  all  proportions  with  alcohol  and  ether. 

Gthtl  Acktatb,  Cjtlj.C^IljO,,  may  b«  prepared  by  heating  logoiUyr  in  a 
rt>tort,  3  parlA  of  pnta.MMium  acetate,  3  parla  of  strong  ulcobul,  and  2  parts 
of  oil  of  vitriol.  Th«  dislilhvl  product  in  niixud  with  WAl«'r,  to  soparato 
tlu;  aluoliol,  di^t'Strd  tlnit  witli  a  little  cb.ilk,  and  afterwanU  wftb  fusrd 
cjileiniu  clilorid*',  ami,  IftKHlly,  reotilicd.  The  pure  ether  is  an  exctredingly 
frab'raut  limpid  liquid,  buying  a  diMixity  of  0.1I1U5  at  l>0,  U.DOtiS  at  15<^  C. 
(5y^  F.),  mil  Ihitling  ut  77^  C.  (17n.(iO  K.).  Alkaliva  decompose?  it  in  the 
manner  alrciuly  m"ntione<l  (p.  686).  Whi*u  treatod  with  ammonia,  it 
yirlda  acrlfUHi'lr,  NiI,(^',IIjO, 

On  thf«  roar-tion  of  etiiyl  ac<*tat«  and  honiivlngoua  ethers  with  stMlinm  and 
thu  iodidwt  of  alcuhul-rodJulL*!!,  uoo  p.  (JtiO  ;  aleto  Caiuiou.ktu.nic  Acius. 

Amtl  AcETATB,  C^Hii.OjHjO,,  preparod  In  a  similar  manner  from  ordinary 
amyl  alcohol,  UiiU  nt  I4(»o  (^\  (2(*4-^  K.).  It  piwsesses  in  a  remarkablo 
manner  tbe  odor  of  tbf«  Jargourlb*  prar,  and  is  maDufactuml  on  a  largo 
scale  for  ttavorlng  liquon  and  ounfeotinnery. 

Etiik.ir  Aobtates. — ^Th<»«o  oompoundB  may  T»  drrive*!  from  Hbcnc  atcp- 
hol  (glycol)  by  sut)^tilution  of  one  or  two  (M]uivalcnLs  of  acflyl  for  hydro- 

gnn.     The  monacetatt,  (C,H,)  |  ^^^  jj  j^,    is  produced  by  hcnling  cfhenw  di- 

bromid*)  with  an  alcoholic  solution  of  potaHsium  acetate.  The  product  Is 
diatilled,  the  portion  cominp  over  at  182©  C.  (359.lfO  p.)  being  kept  sppa- 
rate.  It  is  a  colorless,  oily  liquid,  miscible  in  evRry  proporti<m  with  water 
or  alcohol.     Hydnjirhloric  acid  rim  pnssi.Ml  Into  ethent)  mnnacetato  converts 

it  intoelhenoaoetochlorlde.orglynolliochloracetin,  CjH,  {^jp  „  «  ,    which 

is  precipitatt«l,  on  addition  nf  waiter,  ait  an  nily  liquid  Iniiltng  .at  WfiO  C. 
(^QZ"^  F.).     Trootmont  with  potJLsl)  dAOompottds  it  into  ethene oxide,  potas- 
aiam  acetate,  and  potassium  chloride. 
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Ethenediaeeiate,CjUt<  ^^l^^^^^f  Is  prepared  hy  digestiag  ft  mixlnre  of 

ettieno  dibromide,  siWer  auutnte,  and  gtauinl  ftcelio  add  iu  the  wat«r-bat| 

aiid  exhnuBtiiig  the  digested  mass  with  ulher.  Ou  distitUug  the  ethiTi 
Holution,  the  ether  tirat  paflsoa  over,  then  thti  aof*ticacid,  And  laatljr,  whd 
Ihf  tvnuH'raturu  \ui»  rvachi^l  IST^C.  (3ti8.(JC  F.),  elhi*ut*diA<T(»taltf,  It  ill 
colorless,  iii'ulral  liqnid,  of  sp.gr.  I.I28al  l>o,  lioihtifi;  at  18(JOC,(3«tj.fc*jy. 
Hotublv  in  7  purtii  of  water  and  in  every  proportion  in  alcohol  iind  «>11k4 
iiy  distillation  with  potoith  it  jrielda  cthene  aluohul,  or  gljrcol,  0211,(110] 

PnorE.iTL  or  Oltcbrtl  Acetatbs  ;  Acetisb. — Theec  ethers  arc  deriv* 
from  pr«>|>enyl  ali:uhol  (glycerin)  by  substitution  uf  1,  2,  or  U  L-quivnh'ul 
of  acetyl  for  hydrogen.     The  formula  of  glycerin  being  ((\H4)(011)„  iht 
of  the  throe  auelins  are  : 


MononntHln 

l>iact?lin 

Trittceliu 


(C.n,)(OH),(nc,H,n) 

(C,H,)(i»H)(OC,H.0>, 

(c,H4j(oc,n,u)3. 


^ 
^ 


Th^y  are  oily  liqnids,  produced  by  heating  glycerin  and  acetlo  add  to- 
gether, in  Tarioaa  proportions,  in  sealed  tubes. 

AcBTic   Cblokidb  or   Acbttl   Chloridb,  CJlsOCl. — This  eoi 
pound,  which  has  the  constitution  of  nc«tic  aeid  with  chlorine  bulK^tilnti 
for  hydroxyl,  is  prodiic**d,  na  already  obsfrvwl  (p.  t»H8),  by  the  action 
phot^phoruB  trichloride,  peniachloride,  oroxychtoride  on  glacial  acetic  aci< 
The  product  healinl  with  water  and  dilate  soda-sololion,  to  remove  ph< 
pborns  oxychloride  and  hydrochloric  acid,  and  then  rectified,  yi*«M9  aeel 
chloride  as  a  colorlei^s  liquid,  having  a  siilTooating  odor,  niid  euiiltingdeni 
fumes  of  hydrochloric  arid  in  (H>ntr;rt  with  the  air.     It  has  a  density  of 
1.1305  at  6C',  boila  at  550  c.  (131o  F.).  and  is  deooroposod  by  water  and 
alkaline  solutions,  yielding  hydruchloriu  and  acetiu  acids. 


AcBTio   OxiDR  or    A^iiTDKiDB.   CilljO, ^ (r,H,0),0,    BometEm 
called  Anhyttroitn  Arrtir  aruf. — Thin  (Himpound  i?*  oli(aine<l  : 

1.  By  the  action  of  acetyl  chloride  on  potassium  or  sodium  acetatei 

C,H,OfONa)    4-     CjlljOCl    =    NaCl    +     (C,H,0),0. 


2.  By  heating  sodium  aeetnte  with  lienxoyl  chloride,  T^H^tKl,  whereby 
benao-ac^tio  oxide,  (C,n,0)(C,HjO)O,  is  fonned  in  the  first  imttanoe,  and 
sabsequenlly  resolved  into  ac«tic  and  beiuoio  oxides,  the  former  distillini 
DVer,  while  the  latter  remains  : 

Cjn,o(ONa)  -f   c,niOa  —  Naa   -f-   c,n,o.ox,HjO 
2(C3H,o.o.c,H,0)    =    ir^}^o)p   -\.    (r,lT,0),0. 

Aoetie  oxide  is  a  heavy  oil  which  Imils  at  1210  C.  (24n.80  F.),  and  dj 
solves  slowly  in  water,  hiding  gradually  converted  into  acetic  acid  : 

(C.H,0),o   -f    n,o    =    2r,H,n(oiT). 

Acetyl  Peroridtf  (C,n30),0„  obtained  by  adding:  barium  dioxide  to  an* 
ethereal  solation  of  acetyl  monoxide,  in  n  viscid  liquid,  which  explodug- 
with  violence  when  heated,  and  acts  as  a  powerful  oxidising  agent. 
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Ariih  drrirtfi  from  Arrti'c  Avid  Utf  ^ultrtUntwH, 

Chloraoetlo  Add*.  — Tho  lliren  A<iidfi,  C^HgClO,  C,H,ri,0„  iidfl 
CjHCljO,,  are  produf***!  by  tho  action  of  chloritip  on  aoetic  aoH  in  8un- 
shiii*; :  tht»  stMNintl,  huwf  v«r,  i*  formtfd  in  ftmall  quantity  onlj,  the  first  or 
thu  third  inAug  produced  in  grtiAttst  abundance  oooording  oa  the  Acetic  acid 
or  the  chtorino  is  in  excess. 

^fonockloracet^c  acid,  Cn,Cl.COOH,  is  produe<*d^  aroording  to  R. 
Ilutt'iusiin,  by  the  action  of  chlorine  on  boiling  filarial  ARvtic  acid  iu  stin- 
sbiui*.  Dr.  U.  MQUur  finds  that  Lh«  formation  of  lunuocliturHrotic  acid  Is 
facilitated  by  dissolving  a  little  iodine  iu  tho  hydratcd  acetic  ncid.  and 
passing  a  strenm  of  chlarint^  through  thn  boiling  aolutiun.  On  Kiibmittinf; 
tUt*  produclb  of  this  n'actitin  to  ri'i^Hfuittl  dislillaliou,  nuiniH^lilnrai-i'tiu  nrid 
u  obtained  as  a  liquid,  tKiilinf<  at  IHtjO  c.  (3(>t>.BO  t\),  nud  nolidifvinfi;  to  a 
crystalline  masSf  which  niflts  at  ^'J^  ('.  (143. tP  F.),  and  dioiwlves  easily 
Sn  water.  Heated  with  (KjlA^h,  it  iu  iHinvertt^  into  putaoHiuin  glyooUate, 
K<-',H,0,  (p.  089). 

C,I1,CI0,    +     2K110     »     KCl     -f     KCjIIjO,    -|-     H,0. 

Dichlornrtftie  ocirf,  CIICl,nX)H,  is  produced,  together  with  tho  pro- 
oediug  oonipouml,  by  the  action  of  chlorine  and  ioilinc  on  boiling  acetic 
aoid,  and  is  found  in  tho  portion  of  thtt  product  which  boils  aliuve  18HO  C. 
(370.40  P.),  According  to  M/iunicit6,  it  may  be  obtained  by  exiHwing 
uonochU>rac*ftio  arid  in  flnnkn  ti>  the  action  of  dry  chlorine  (5  atoni.i  of 
chlorine  to  3  moU'cuU*A  of  chloraoetic  a<'id>for  twenty-four  hours,  warming 
the  product  to  expel  hydrochlorie  acid  and  then  diatillin^.  It  is  a  liquid 
having  a  specific  gravity  of  1.9216  at  10C>  (!.  {tt'J<^  F.)t  and  boiling  at 
lOruiDlO  C.  (374-:n5.80  1>\).  A04V>rilin>;  to  MQIler,  it  renminH  liquid  when 
oooled  ;  but  according  to  Mannien0,  it  cryRtallixtts  in  rhombohedral  platen. 
It  forius  a  soluble  silver  salt,  Agt-',HC'1,0„  which  is  diHxmi|»oBi»d  when  its 
aolution  is  heated  with  silver  oxidt*  to  T.V^or  SClOC.  (l670-17tP  F.).  giving 
off  a  mixture  of  carbon  monoxide  and  dioxide  : 

2AgC^HCl,0g  +  3Ag,0  s  2C0  +  2C0,  +  4Aga  +  2Ag,  +  H,0. 

Trichloracetic  acid,  CC1,.C00H. — Discover.*d  by  Dumaa.  Wlien  a 
■mall  quantity  of  cryKtallizaUe  acetic  aoid  iit  introdnciKii  into  a  >M>ttle  of 
dry  chlorine  gats,  and  the  wholo  exposed  to  the  direct  solar  rays  for  several 
bourn,  the  interior  of  the  ve^el  is  found  coated  with  a  white  crystalline 
Bobstance,  which  la  a  mixture  of  triehloracetio  acid  with  a  aniall  quantity 
of  oxalic  acid. 

Triehloracetio  acid  may  also  be  prod  uo«h1  synthettoally,  vis.,  by  the  action 
of  chlorine  and  water  on  carlwn  diehloride,  r,Cl,,  this  compound  first 
taking  up  2  atoms  of  chlorine  and  furming  carbon  trichloride,  C^CI,,  and 
the  latter  being  converted  by  the  water  into  hydrochloric  and  trichloracvUc 
acida: 

C,n,    +     2H3O    ^    3HC1     4-     C,HC1,0,. 

Trichloracetic  acid  it*  a  colorb'S^  and  extrnmely  deliquescent  sohetance  : 
it  has  ft  faint  odor,  and  »hftrp  cauRtic  taste,  bleaching  the  tongue  and  de- 
Btrorlng  the  skin;  the  nohilion  is  powcrfiillv  acid.  It  nielta  ttl  ft2^  C. 
(125.60  F.),  and  boils  without  dw:onii>osltinn  at  Ilt&-21H)0  ('.  (3;?3-3920 
F.),  giving  off  a  very  irritating  vapor.  Tho  density  of  the  fused  acid  is 
1.017. 

fhtaaimm  trifhlirniefJaifj  2KCy('l,0,.Aq..  crysUlIisoa  in  fibrous  silky  nee- 
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kfhtaxMitim  tnrh/tmiefJaify  akC^t  l,(>,.Aq..  crvBt^lMaoa  in  nnrons  siiKy  nee-  1 

dies,  permanent  in  the  air.     The  ammonium-Milt,  2(N  114)0,01^4*  ^^4**  t>     ^M 
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also  cry* tflllU able  and  nealral.     Tht*  sUrrr-salt,  Agf'jCLO,,  Is  solDblc,  and 
cryMallizoa  in  amntl.  firayii^li  scales,  casiljr  alton^tl  by  llglit. 

Trii-liloract'tiL*  nvM  tM)iluil  with  exooaa  of  aiuiuuitm  yiulda  ziuuiuoium 
carlwitaU!  nnd  clilurorurui : 


C,HCIaO,     +     2NH,    +     H,0 


(NH.),CO.    4-     CHQ, 


With  caustic  pntjish,  it  yields  a  smaller  quantity  of  chlorofonn,  ti»getht<r 
with  i>nta5uiuui  t*hlori<lo,  carl)uiiate,  and  formale.  Tlie  uUluride  aud  fonuattf 
tkTfi  looondftry  pr<KliictA  nf  thti  n^actimi  of  thn  alkali  u)ttin  tho  chlnrofomu 

Nascont  hydrogrii  n^duci^H  trlrhloraevtiu  to  aootic  acid.  When  potassium 
or  HtMliiiiu  ninalgriiu  is  put  tiito  a  strung  aqiiHous  sohitinn  nf  trichlnractitio 
ariil,  the  ttMniwratiir*'  nf  tht'  li«iiiid  rises,  without  diHt-upajtrciui^iit  nf  giw, 
and  tliu  solution  is  found  to  i*untain  oculate  aud  cUluiidv  uf  poto^tuum  or 
BodiiLui,  toguthcr  with  caustic  alkali. 

Bromaoetlo  Aolds. — Tlu^  mono-  and  (/I'-hrominatod  ncidii  aro  forniod 
by  h.'alitif;  ncftio  aciil  or  rthvl  a<v*tate  with  hromiHO  in  Healed  tub«*i(  to 
iko  C.  (JStJO  F  ).  CH,Ilr.c6,H  crystallizes  in  dtdiqueswnt  rhomUdu'- 
droits,  and  boils  at  20»O  <.'.  (406.4°  R).  Its  ethytir.  ether  is  a  liquid  boiling 
M  151'0  C.  (318. 20  v.).  The  acid  in  converted  hv  ammonia  into  glvi.vrin 
(p.  GttO).  CjUUrj.COjU  is  acryatHllin«Hms.s  nielting  at  4.')^5(»0('.  (UyO- 
I'J'-J^  v.),  and  Iwiling  at  lUlJO-iW^  ('.  (44it.0O-4f»3.*JO  1-'.).  Heated  with 
imoist  silver  oxide  it  yields  bromn-^'lycuLUo  auid,  C.HglirO,.  Its  othylid 
•thvr  boils  at  iy2Q-lu''0  (j.  (;i77.liCLj»30  p.).  Tribrvu^acetic  Acid,  C,Br,. 
C(),H,  is  ]»roduct^d  hy  the  action  of  wut«*r  on  tribromaotityl  bromide,  CBr,. 
C<.>C1,  and  by  nxiilalion  of  bromal,  CBrj.COlI,  with  nttrto  noi'L  It  forma 
deliijUeKeent  crystals,  multa  at  i30>^  C.  (^iUti^  ¥.),  and  boils  at  24iiO  C. 
<4730  f.). 

lodaoetlo  Aoid,  iwrno-  and  di-,  are  obtained  by  hoalinR  the  chlorinntod 
Or  broiniu.'ited  luids  witli  tM)Ljissiuw  totlide;  also  by  healing  acetic  anhy- 
dride with  ioiUile  and  iodiy  acid.  C'jlUI.COjH  crystnllizw*  in  colorUr^tis 
lamiun?,  meltinj:;  with  piirlini  deinniiKWfiliun  at  K2t>  (.'.  (ITU.lJ^  F.);  rectm- 
VertM  into  aeetiu  arid  bv  Imiling  with  ill.  Ita  vlhylic  vthur  boils  at 
17bO-]8(P  C.  (352.4Ci-35(j6  F.). 

Cyanacetlo  Aoid,  CjH^XO,  »  riT5(CN).C0,H,  formed  by  healing 
JHoiioehlorat-'iie  acid  with  f>iitassium  eyanide  and  water,  is  a  rrystallino 
anrisn  melting  at  abdul  K<K^  \\  (17l?^  F.;,  and  dewmiposwi  at  1650  c,  (320O 
F.)  into  CO  and  awtonitril,  CU,.CN. 

Thlaoetlo  Aold,  C,n,09,  or  CH.XOS!!.— This  acid,  discovered  by 
Kekulo,  IS  formed  by  tho  action  of  phoephoroa  pentasQlphido  on  glacial 
aovlio  acid  : 

6C,U,0(OH)     -f     P^,    =     P^Oj    s     5r,n,0(SH). 

Thiacfltie  nc-id  is  a  colortesB  liquid,  boiling  at  930  c.  (I3fl.40  F,);  it 
smells  like  acetic  arid  mid  hydro^'en  sulphide.  With  solutiun  of  lead 
aootate,  it  forms  a  crystalline  prBcipilate  cuuUiniug  (CjU,OS),Pb, 


Proplonto   Acid,   Cjl.o, 

ai'id  is  produonl  :  1.  As  a  potaiiiiium-ttalt,  bv  the  combination  of  rartMiu 
dioxide  with  potosHium-ethyl  :  t^O, -f  (:,H4K  ==  C0(t',H4)0K.  2.  My  »ho 
acliuQ  of  acids  or  alkalies  ou  etliyl  oyanide  (j>.  686).    3>  By  tbu  aimult*- 
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tieoua  ftction  of  water  and  cArlxmyl  rhlorjtlff  on  etlmno  (p.  686).  4.  By  tka 
oxtdatiou  of  numial  pnipyl  aU-uliol  (p.  689),  uml  of  prtipionir  Alileliydf, 
CjH,0.  5,  Togt'tlnT  with  acetic  AoitI,  hy  oxidizing'  propiont*,  <-'jM,9<>, 
with  dilute  chromic  acid.  Thin  in  th**  pmocsa  by  which  it  wsp  (tret  uli- 
taini.Nl.  U.  From  lactic  ftold  mad  from  glyocrio  acid  by  the  action  of  hy- 
driodiu  acid  : 


c,n,o 

ItAcUc  ncia 

+ 

2III 

=» 

C,lf,0, 

+ 

H,0 

+ 

I.- 

Olycerio  neU 

4111 

— 

C,H,(), 

+ 

211^ 

+ 

21. 

7.  Togptb«T  with  dcvcrnl  otiior  prodnct*,  in  the  fi^rroontation  of  g-Iyft-rin, 
and  likewiae  uf  bugar,  by  tho  aoliou  of  putrid  chetwu  lu  pruKuuctt  of  <ial- 
cium  carboDAto. 

Hrnpionic  aoul  Is  naaally  prt^ared  by  the  leoond  of  the  abnre-mrntinnod 
processes.  Kthyl  cyanidii  is  addi*d  by  drops  to  ft  moderatfly fitrong  noliitiou 
of  p«>taflb  hfatinl  in  a  tubul.-itod  rt'lnrl,  lb»*  duttillato  beiug  rt'iM'ia«<l)y 
p«mred  bock  ««  long  aa  it  fiuiellH  o(  othyl  oyuitidc.  Thn  rcMidu*^  in  the  ri*- 
tort,  consisting  of  ptitaflHium  propionaitt,  is  thtMi  eraporatud  down  to  dry- 
ne»i,  and  diHtiU(*d  with  ttyrupy  phoHphoric  n'.'id. 

Propionic  arid  is  a  colorU*!*:*  lii|iil<l,  hnvirig  n  npecifio  grarlty  of  0.992  at 
ISO  c.  (i;4.4^  v.).  and  boiling  al  Hco  C.  (::b4^  K.)-  U  la  solublu  In  wator, 
and  when  ihu  water  is  quite  Maturated  with  it,  tho  exooaa  of  acid  floats  on 
thi>  surfacti  in  the  form  of  an  oil. 

TIio  prnpiunati"4  aw  eolublo  in  wat«r.  Tho  barium  rait,  (CjH[iO,)Ba-|-  11,0, 
cry8tallizt*8  in  rhombic  prisnut,  and  yields  prripionu  by  dry  dialillation. 
The  silver  tail,  C^ll^Oj^g,  urystaUiaea  in  slt^ndi'r  noudUv. 

S^Btihifiom-firmlurfn. — Thfl  replacement  of  one  hydrogen-atom  in  propionic 
acid  by  a  haloiil  elciiicnt,  X,  yielda  two  series  of  aubatltution-productfl 
dhtUuguiahud  as  •  and  A ;  vu. : 


CH,P-CHX— CO,H 


cn,x— TH,— co,n 

A. 


Chloroprapionic  acidt,  C,H,CIO,.— Tbe  e-acid  is  formed  by  deoom* 

posing  laetyl  chloride  with  water : 

CH,— CHCl— COjCl  +  H,0  B  HCl  +  CH,— CHCl— CO,H. 

It  Is  a  thick  liquid  of  spociAe  gravity  1.28,  and  boiling  at  186^  C.  (3(IG.80 
F,)'  When  heated  with  moist  ailvur  oxtdu,  it  is  convortLHl  into  a-lactlo 
acid.  CM3 — (IHrll — ('<),ll.  Iln  ethvlic  ether.  ohtaini;d  by  heating  laetyl 
chloride  with  alcohol,  boils  at,1440'c.  (291,^0  V.). 

The  tf-acid  ii*  produood  by  the  at^tion  of  ohlorine-wat«r  on  S-itNlopropionto 
acid,  and  by  addition  of  hydrogen  chloride  to  acrylic  acid,  Cill/),: 

CH^CH— CO,U     +     CIH     «     CH.n— CHi— CO^. 

It  18  crystalline,  and  melu  at  40.fi^  C.  (104.90  p.).  Ita  cthyUo  ether  boils 
at  About  ISaoc.  (311'^  F.). 

liromopropionir  arirtt,  CjIl^BrO,. — Tho  a-acid  ia  obtained  by  the 
action  of  bromine  on  propionic  acid,  and  by  heating  «]actio  acid  (ordinary 
lactic  acid)  with  hydmhrnmio  acid,  is  a  liquid  which  snlidilU-s  at  — 17^  C. 
(1.40  F.),  and  ItoiU  at  202°  C.  (395. (iO  p.).  Its  elhylic  ether  araelU  like 
camphor,  and  ImiU  at  19(P  C.  (3740  F.).  AU^dioIiu  ammunia  oonverts  it 
into  a-amidopropionic  acid  or  alanine,  Csn^(MI,)M,  (xeo  Amidkb).  The 
l^aoid,  formi^  by  the  action  of  bromino-water  on  fi-iodoproplonlo  acid,  and 
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by  addition  of  hvdrobromio  Aoid  to  aorylio  atiid,  is  ciystalliue,  and 

nKii.aot;.  (14:2.70  K.). 

m-Iodoprofjinnic  acidf  CiITjIOj,  is  a  thick  of  1, obtained  by  the 

of  pbrM]ihuruH  io<li«li*  011  a-luvlio  uoid. 

Tbo  fl-AL'id  is  iiblAint^d  by  tb*^  Aidiuii  of  ]ih()A[>hi>ruii  i<Mlidf*  and   u 
quantity  of  water  on  ^lyctiriu  aWd  : 

CH,OII.Cn()II.CO,U  4-  3HI  =x  CII,1.CU,.C0,H  +  2U,0  4-   I,; 

niso  by  nddiliun  uf  bydriodic  arid  to  acrylic  acid.     It  crystalliips  in  Ui 
cnlorloas  Hix-aidiHl  plattut,  having  a  iieoiiliur  imIof,  atul   molting  at    S20 
(179.iJCt  K.)  ;  tfmiXy  soluble  in  hot  water.     By  heatinif  witli  atroug  hy. 
odio  aoid,  it  is  n^jucfd  to  propionio  acid. 

The  di-enb»titulion  products  of  propionic  acid  admit  of  three  modific 
tiona,  vii. : 


CHj— CXf-CO,H 


CH,X— OITX— CO,H 

6. 


The  firftt  two  modiOoatioiu 
known. 


of  the  oliloriuo  and 


CHX,— CU,— COjII 

bromine  derivatives 


m'Dibromopropinnic  acuf,  CIlj — f'Br^— COjH,  nbtain«l  by  dirvet  broniii 
tlon  of  propionic  or  «-bromopropii(nii!  acid,  meits  at  «lo  C.  (141. HO  F.),  al 
boils  at  22(»o  (\  (4280  v.).     Its  ethylic  other  Iwils  nt  lOfO  C.  (374°  F.). 

8-f)ihrumoftrofiioriic  uriii^  CHjHr— 4."ll Hr— CO,!!,  oltlaint-d  by  nxidatinn 
dibnniiopropyl  aU'nhol,  CjlljBr.O  (foriiH**!  by  addition  nf  bromino  to  ullj 
ftlcoliol),  ainl  by  addition  of  nr,  to  arrylie  ai'id,  C'H,     C'lf— CO,ll,  fn« 
erviitnU  *>ii»ily  Holiible  in  water,  melting  at  US*^  C.  (141)^  F.),  docotn] 
by  dialillutiou.     The  elhyiic  ether  boila  at  212©  C.  (413.6'-'  K.). 

m^Pkhhro/,roj>ioHir  acitl,  CH, — CCI, — COJI.  The  .'Ihylic  i-ther  of  thl 
arid  is  rornifil  by  the  nation  of  nIin»)iol  im  tlir  rbloridc,  <'Il3 — Ct* — C()0 
prtHliiciHl  liy  l\w  autioit  o(  pliosphnrLiti  pciiCatliUiridu  uu  pyrnracennc  ac 
(.;i|^.— ('(V_4'<>I)II.  It  in  not>lorb->4  li<iuiil.  1in%-in^n  pb-iitiaDt  (oloruf  appKi 
a  HpiH'iHo  Kravily  of  l.24It3  at  t>o,  and  boilini:  nt  1G('0  ('.  (32t^^  F.).  Ilt-ati 
witb  water  to  \'ti*^  C.  ('M^S^  F.),  it  is  ivnivcrti'd  into  pyroracvmic  acid. 

0  I}t\JtIuri/jiro/n'niuc  aritl,  L'II,t'l — CUCl — CUjII.ifl  fomurd  by  the  action  o^ 
watttr  on  the  chloride  oblaiuod  by  heaUug  gtyuuriu  acid  with  phosphort 
piintaohlorido. 

Butyric  aoid,  C^,0,  =  C,II,.CO,n."-Of  this  acid  there  are  li 

modiliiiatiou!},  vix. : 


NormnI  butyric. 


cn(cii,), 
rooH 

ItfobutyrlQ. 


I 


Normal  Bntyrlo  acid,  also  called  Fermmtntion  fiutyrir,  Propi^- 
and  J:U/if/!-ttrrtic  acid^  occiirH,  either  free  or  mmbiued  with  basoa,  in  U 
rindi  and  a  few  other  plants,  in  ocrtnin  Iwutlw*.  in  fl»»*jh-jnice,  in  hnmi 
persplrfttiun,  and  in  various  kinds  of  deooniposint;  vegetftble  and  anii 
nialtiT.     As  a  glyceri'li',  it  oeeurs  id  irari<»u8  AiiiniJil  and  regulable  Cat 
t^peoially  in  the  butl<r  of  oows'  and  poata'  milk  ;  as  a  hcxyl  ether  in 
oil  of  Ufraclnim  ij'ujnntvnjti^  and  .%»  an  'x-tyl  ether  in  oil  of  punin^'|>  </b 
fiiiea  MfiVu).     It  lA  fornit^l  by  tin'  oxidation  of  nonunl  butyl  nicobul ; 
Out  action  of  najteent  hydroj:en  on  orotoniu  aeid,  f'll, — CII_('H — fO,U 
by  beating  normal  propyl  eyanitle  (UutyraiiitrilJ  witli  alkalies  or  aiiid 
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hy  thtf  A43lion  of  andinm  And  ethyl  iodide  on  othyl  ac(»tat«  (p.  687) ;  And 

hy  the  foruKMitation  uf  su^ar  in  wutAct  with  putrid  chifK*?. 

Ttiis  laat  rfViction  tilfonls  tht^  nicjeit  convenient  mcthiMi  of  prf|inring  the 
■rid.  Tho  rcriurnlntiiiu  tjiken  (diu'e,  lictwerur,  only  in  ni'Ulral  litiulds,  TO 
that  it  i»  nuoiwiiary  to  odd  chalk,  la  ordvr  to  neiitrjilixit  the  avui  an  faat  as 
it  Is  formed.  The  8U>;nr  is  llrvt  convfrUMl  into  Inclio  and  afurwards  into 
batyric  acid.  Tht>  fultuwiiit;  pn>purtiouii  givv  a  gutMl  rti»uU  :  ti  puundt*  of 
eanu-flUKnr  and  lialf  an  uunct*  of  tartaric  acid  artt  diiMolvtxl  in  2(1  |Hmnds 
of  Imiling  water,  ami  thtf  solution  is  li*ft  for  spiuo  tiiue  tu  allow  lht«  canu- 
■ugnr  to  pojts  into  grupe-sugar.  Tu  tUiii  Hulutiuji  aUmt  4  ouuctrs  of  decayed 
eliecHi!  diffUHiMl  in  H  jxiunda  of  ftour  Hkiiu-iuilk.  togL'iher  with  3  pouudH  of 
ohalk.  are  adde<t,  and  the  whole  is  kvpt  for  souie  weeks  at  a  teniperatiirti 
of  3lfJ-35'^  V.  (]!*6Ck-i''»0  K.).  The  mixture  in  frequently  atirriHi,  and  gene- 
rally solid  ifle«  in  tenor  twelve  days  to  a  thick  uoas  uf  calcium  lactate. 
Thbi,  however,  soon  diaappears,  tJie  uiixture  beiiiiuing  liquid,  and  thulao- 
tale  Iteing  converted  into  Uulyrate,  with  Ktiuultaneoua  evulutioii  of  carbon 
dioxide  and  hydrogen  : — 

2C,IV),    =    C.HA    +     2C0,    4-     2H,. 

Whon  ft^rmontntion  la  oompleted,  a  Rnluttun  of  8  poiindfl  of  cryRtnllixMl 
•o^litttii  r.irlKMinte  Ih  nddiil,  and  the  tllti'rtfil  Ii4|(iid,  ufter  concent  rut  ion,  iii 
decomposed  by  sulphunu  acid.  Uutyrio  acid  IhetL  separates  as  au  oily 
layer,  whioh  is  dried  over  calcium  chloride  and  reetit)e«l. 

Botyric  acid  ia  a  viitcid  liquid  having  a  rancid  odor,  Holidifving  at  — 12^ 
C.  (10.4P  F.),  and  boiling  at  U:¥>  T.  (325.4^  F.)-  ^pecinc  gravity  U.K.'iS 
at  140  0,  (57.'20  V.).  It  disnolvea  easily  in  water  and  in  alcohol,  and  sepa- 
rates from  tltu  aqueoud  mdiition  on  a<Iditi<>n  of  salts. 

The  metallic  butyrates  are,  for  the  jwrni  part,  soluble  in  water  and  crys- 
tallixable.  The  rttltrium  mii,  (<*,lt,0,)f'a  -f-  II,(>,  forms  shining  laniinw, 
and  is  mort  toinhU  in  otiff  fhn»  in  hot  mtier.  Tho  niirrr  nalt^  ^'i^'j^'i-Ag.  crys- 
tnlUztiS  iu  shining  lamina},  bolublu  iu  4i>U  parts  of  water  at  14^  C.  (57.*^ 

?.). 

Ethift  BmtffTtiU.  CJT,Oj.r,Hj,  is  a  liquid  having  a  pleasant  (roity  odor, 
and  boiling  at  11U-'  C.  (^ti.2*^  V,). 

The  bntyrates  unite  with  acetates,  forming  double  salts,  which  roact 
like  salts  of  hu  ty  race  t  iu  acid,  ('411^0,. C^H^O,,  iwinierii  with  prop). 
onio  aoid.  Thi»  auid.  ohtaiui^l  In  the  free  Btnte  by  tho  fcrmentAlioii  of 
calcium  tartrate,  dilferti  from  propionic  acid  in  being  resolved  by  distiUa- 
tlou  into  butyric  and  acetio  acids. 

A  mnmM'hInrnhutyrir  nritl,  C4H,C10„  crystalliaing  in  slf*ndor  needles  and 
tnelling  lit  ItiK:'  i.\  (2!0O  F.),  is  formed  by  the  action  of  chlorine  on  butyric 
aii'l  ii*  jip-senee  of  iodine. 

Out  of  Ave  jMjsaible  mtninfirnmfJ>fttyric  acidty  two,  vix., 

Cli,— cri],_CIIBr— CO,H  CHg— C'llBr— CTIj— CO,n 

•»  «, 

are  formed  by  the  addition  of  IIBr  to  rrotonfc  acid,  The  action  of  bromine 
on  butyrir  acid  yuhU  chielty  (he  ■-aciti,  the  ethvlio  ether  of  which  IkiiIs 
at  170^17;?^  C.  (3:it«:i-;Ul.(iO  p.).  The  two  acids  ore  converted  liy  boil- 
ing with  potash-solution  or  moist  silrcr  oxide  Into  the  corresponding  oxy- 

,         butyric   acids,  fV'-^^a- 

^K      A  MtowJiutffrh-  nrui,  (_\Ujir,Oj.  nielifngat  4riCL4gOC.  Cn3C^n8.40p,), 

^^Ut  formed  by  further  bruminaliun  of  butyric  atjld. 
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iBobntyrio  Aold.  H('(*^^'H,), — (^^O^H,  abocallt^l  Isopropyl -formic  liiid 

mrth^i-iittUt    tuul,  iMViira  in  thu  froe  staU*  lu  St.  John'ft  br<Wl,  l)i<*   fruit 

Vtraiunia  aiiU/wi,  Ain\  iLfl  &n  (X't,vlii'  ethrr  in  imrsni^poil.     It  ifl  prtMliicrs] 

oxidation  of  imoliulv)  nlailml,  liv  lliu  nulioti  of  alkxlicv  or  aci'lK  on  yj^oudi 

propyl  r^nnjili* ;  and  lijr  tho  action  of  Bodium  and  nu*thvl  iodide  on  utii 

This  ot-jft  in  vi<ry  much  Uk(>  normal  butyric  acid,  but  hdB  a.  less  disa 
nblo  wlor,  and   is  not  misriMc  with  walor.     It  bos  r  BjU'L-ifit  >;Tiiritv 
0.9(10  at  Ou,  and  Iwils  at  IM^^  C.  (:i<>9/JO  K.)-     lt«  caHmm  salt,  (L^Il 
-4*  fiUjO,  cr^8talUlt*»   in   nionnolinic    prisms,  macJi  mnre  toiutle  iii  A< 
than  in  c(dd,     Tlit*  silver  salt  disjsolves  in  110  |mrt3  of  wator  At  IG'^C 
F.)-     TUti  ff/Ay/fV  rther,  (\lI.O,.C,jU^,  baji  «  Mpvcifie  gravity  of  0.6693  at 
and  boils  ot  1U10  C.  {tMP  V.). 

iSrotHinjfjyUifric  avid,  (Cli,),(.'Br.CO,n,  funned  by  heatlnjf  isobutvrio  aci 
with  l)r.imini-tol4i<J<'.(2MOF.),  ft.rtnscrystalu mrllin-;.tt  450 C.  (il30K. 
and  ia  ]>»nlv  d<HVj?np«scd  by  lioiling.  lu  ctbvUc  rtlior  hna  a  fii^cil 
gravity  of  1.3:^a  at  IfO.  and  Ixtila  at  1580^159-  c'  <3l*J.40-:*lH.:.'0  F.j.  B' 
heating  with  moist  silver  oxide  or  baryta-water,  tbla  acid  i4  cunvertvd  in 
the  oorrtnpouding  oxy  iaobutyrio  acid. 

Pentoio  or  Valerlo    Acids,  CsH^O,  a  CfiH,0(OH),  —  Th( 

acidb  admit  uf  four  uttilauiftric  uiiMiillualious,  namely  : — 

cn,cH,cu,cn,      cii,cn(CH,>,      cn(CH,)cc,Hj)      c(cn,). 


:'00H 

Projjyl  aeelle. 


COOH 
Idopropyl  aectio. 


COOH 
UethyUthyl  aeetio. 


I 


•oon 

Trlmerhfl 
aoeiio. 


I 


The  first  and  aeuond  are  obtained  by  oxidation  of  normal  pentylio  and 
isopontyliu  or  aniylic  alcohol  (p.  083)  rospectivi?ly  ;  tho  third  is  not  known; 
the  fourth  \a  produced  from  turliary  butylio  alcohol  or  triuiiithyU;arbinol. 

Propyl-acetlc  or  Normal  Valeric  Acid,  r;jI,,C(X>H,  is  anoily  liqnid, 
BmtdliKt;  liko  butyric  acid,  haviug  a  sp.  gr.  uf  0.0577  at  0^,  asd  buiiiug  at 
1850  C.  (305O  ¥.). 

Isopentolc,  Is opropyl- acetic  or  laovaleric  Add  (ordinary  Talf^rio 
acid),  ixcurs  m  v.il.rian  root,  in  anji;Hli»;i  moi.  in  the  iK-rrifs  ul  tin*  ginddnr 
Tiv^vl  (  VdiurmtM  Oftulus),  nnil  probaiily  in  ninny  (»th<*r  plants.  It  is  pri>- 
dnocd  by  tho  oxidutiuu  of  ordinary  amyl  aU>ohol,  uithiT  by  alnorption  of 
atmospheric  oxygen  under  ihe  influeuew  of  platinum  black,  or  by  lr«at- 
Tiieul  with  Aqueous  chromic  acid,  or  by  heating  it  with  a  mixture  of  cAustio 
potash  and  quiok-Iime.  the  reaction,  in  this  loat  cosv,  being  attended  witll 
evolution  of  hydrogen: 

CjHhO    +     KOI!     =    Cs!I,0,K    +     2U,. 

The  potassiom  salt,  distilled  vith  snlphnrio  acid,  yields  the  acid. 

Th((  most  odvantapfouB  mn^le  of  prpparing  isovaleric  acid,  is  to  oxidia 
amyl  alcohol  with  a  mixture  of  aulphurii:  acid  and  potassium  dirhromat«aj 
4  parts  of  the  dichrnmat<!  in  powder,  6  partii  of  oil  of  vitriol,  and  8  parts 
of  water  are  mixed  in  a  capacious  retort,  and  1  part  of  amyl  alcohol  ia 
addwi  by  small  portions,  with  stmng  agilation,  the  retort  being  plunged 
into  cold  water  to  moderate  the  violenco  of  the  reaction.  When  the  chungoi 
appears  complete,  the  deep-grevn  liquid  is  distilled  nearly  to  drynesH,  tin 
product  mixed  with  excess  of  cansliti  i>ota<ih,  and  the  aqueous  Bolulit 
separated  mi^chanically  from  a  ptingnnt.  colnrletts,  nily  liquid  which  Roal 
upon  it.  ronsi-sting  of  amyl  valerate.    The  alkaline  solution  is  then  ev 
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mtml  to  a  nmall  hnlk.  and  fl(>mrnpoeiMt  by  dilute  siilplKirir  arid  in  pxcmw. 
Tlii*  grt^atiT  part  of  tti**  vultric  uciil  then  8<*i>aratt*H  a»  an  oily  li«initl  liftlitiT 
than  walt-r  :  ihis  i»  :i  hvilratt-  cnnsistin^  of  i'jll,,,*  'j.lIjO.  Whm  dihiilUil 
alone,  it  un<lt'rgiK-tt  dt'coniixwition  :  water,  witli  a  lilili*  *>(  lUv  acid,  Br«t 
appvan,  and  vvuntuan.v  th«t  puru  acid,  C|II,^>,,  in  the  fnriu  or  a  llun, 
nmliilv,  QolurteaiH  uil,  having  tlio  peniifitcut  and  i;bara<^t«rii»tio  odor  of  vale- 
rian rout.  It  lia«  a  uharp  and  ai'id  la»te,  rt^d^ntt  liluiuit  strongly ,  hh-nvhca 
the  tonguo,  and  bants  whtrn  inflaine«l  with  a  hrtght,  y^i  ttniok/  light. 
Isovali'rio  acid  has  a  density  of  t'.WT  at  0^,  and  boils  at  1760  C.  (M~o  K.), 
Plactyl  iu  LMjulact  with  water,  it  absorbs  a  certain  cjuanlity,  and  in  itsvU  to 
a  i-i'Ttuin  rxti*nt  iliiwolviMl. 

It^iivaKTio  ru'id  is  aolivu  or  joactivo  to  polari£u<l  liglit*  accnrdinglr  as  it 
halt  UM*n  pri'pnriil  frnui  acttvu  or  inactive  auiyl  ak'«>h<d.  1'hat  which  has 
tHHin  projmr*>d  from  the  active  alcohol  prodaeea  a  right-hand«d  rotation  ot 
43^  in  a  tul>e  50  ccntiiuvtn.**  lung.  TLv  diiffreuce  Uawt-en  thfst*  two  acids, 
like  that  of  tht*  alcohols  from  wlitcli  they  are  derived^  is  probably  due  to 
dilTcrencif  rtitlior  nf  luolocular  than  of  atomic  arrangcm<7nt  (p.  4fU). 

Thv  invtAlliu  i&oval«?rate»  are  greasy  to  the  touch,  and  uiuvtly  LTYstallizp 
with  difficulty.  Small  fragmeutaof  thfui  thrown  on  wnter,  rotation  tho 
Hurfacti  aa  ihoy  diasulve.  Tho  barium  W/  ('  '4H,0j),Ba+  H^J  uttnally  crystal- 
lia«a  in  tliin  lauiinjc,  soluble  iu  two  |uirt!f  of  vuUl,  and  iu  a  tinialler  quautily 
of  warm  water.  Tho  linc  imU  (<~'iH/>,)^n  rortus  shining  scali^.  Thu 
•i/rrrxf^r  C'gll,(>,Ag  forma  scalea  soluble  in  &40  psrls  of  water  at  2(>0  C. 
(ti80  F.).  A  solution  of  potaaaium  valt>ratc,  subjiTted  to  electrolysis, 
yields  dihutyl,  C\n,„  (p.  687). 

Hthtjl  istn-tilnratf,  CjIljOj.f'jilg,  is  ohtaint»d  by  passing  by drorbloric  add  gaa 
into  an  alcoholic  solution  of  valeric  acid.  Amiuuuia  converts  it  into  valc- 
lamide,  (.'^II^ONII,.  It  is  decnmix'Seii  by  siMliuui  in  the  Miuie  nmnui-r  as 
ethyl  acetate  (p.  <>B7),  yielding  Bodium  ethylate  and  the  sodium  salt  uf  on 
acid,  Cijlla^O, ; 

4Na     +     3(0,114X411,0,)     s=s     aCjHiONa     +     C,.H^O,Na . 

CnixinovALERic  Arms. — TricMmiitovaUne  acid,  CjH,Cl,,0„  obtained  by  tho 
prolonged  action  i>f  chlorine  un  isovaleric  acid  iu  the  dark,  aided  towunis 
the  end  of  Ihe  prmeris  by  a  gentle  heat,  is  an  oily  lifjuid,  becoming  very 
visuid  at  IS-^  C\  ((t4.40  K.).  iwrfectly  mobile  at  :i(fO , ;,  (hiP  K.).  In  con- 
tact with  water  it  fnrnu*  n  xvry  viscid  hydrate,  which  sink*,  to  the  bnltttui. 
It  disaolreH  iu  aqueuua  alkalies,  aud  in  precipitated  by  acids  iu  itct  original 
slate. 

Tfitrathltirisfwaleric  arid,  0,11,01^0,,  is  the  uUimnte  product  of  the  action 
of  chlorine  on  tho  preceiling  compound,  aideft  by  cxjxiHUre  to  the  stin.  It 
is  a  seiui-tluid,  c^dorless  oil,  de«titute  of  (Mlur,  of  ijowcrfuliy  pungent  tastu^ 
nnd  heavier  than  water.  It  can  neither  U^  solidified  by  t-old,  nor  distilled 
without  decomposition,  Iu  cxiiitaut  with  water,  U  forms  a  hydrate  conlain- 
ing  Cjll,Ci,0j.ll,O,  which  is  slightly  sulublo  iu  water,  ua^ily  soluble  iu 
ulcuhot  aud  tilUer. 


* 
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Neopentolo  or  Trimethyl-aoeHc  Acid.  (rn:,)3C.C00II.  is  obtained 
from  Icrtinry  butyl  irxJlde,  (*'ili)j,('I,  by  converting  this  ether  into  I  ho 
cyanide,  and  distilling  the  latter  with  potash  ;  also  by  oxidation  of  pina- 
colin,  ni, — CO — ('(ClI,),.,  It  is  H  laminar  ervslnlline  itinss,  melting  at 
340-350  C.  (lJ3.20-!t.V^  K.),  and  lM>iIing  at  U\\0  C-  (321. PO  F.)-  J»  muicIU 
like  acetic  acid,  and  disHolvea  in  40  pnrla  of  water  at  20O  C.  (tj^*°  F-)* 

The  htriunt  tn/t,  (r,||,0,),IIa  +  ^M/),  and  tho  atlcium  mlt,  <06H,0,),Ca 
-\-  4HjO,  crystnllize  in  neitlles  or  prisms. 

Tho  «7rcr  a«//,  ^jlIt^jAg,  is  obtained  by  precipitation  in  glittering  8i>an. 
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gli«.    Tlu-  Hitt/lir  tth>r,  f\U,<V*^'|lUi  '»"  *  •peciflo  grnyity  of  0.8772  al  <0, 


I 
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H«zolo  or  Caprolo  acids,  rVI„0,3BC^H„.CO,H. — Thpn*  w« 
el}:lit  p4M>Jbl*<  furuifl  oi  tlH-»tf  AoiiU,  auftliigoua  to  Ute  eight  peiiljrl  aJo(A<^, 
And  livo  of  them  urit  kuuvru,  vii. : 

1.  Normal  Caproio  »r  Pnntyl-foTmio  aold,  CH,(CII,)..C02n.- 
aoiil  in  form*.''!  ;i_viiila'tit.-ullv  by  hi-ating  nnriiiul  pfiitvl  cyaiiii|*»,  <,'H^(i'H;)| 
('N,  with  strong  jKaashRnlutiun.  It  is  nlso  iiriHluced,  lo^i'lh«T  with  utht 
floiiU  iif  the  fattv  HLrifM,  by  thi*  oxidatiuii  of  ulbuiuiiious  nuhetuiictss,  m 
vf  fKtty  lu-idd  uf  higher  utoiuio  weight.  ltODC'iiri«  m  the  IVee  ctAtv  in 
Bpirntioii.  a»  an  t>ciylic  t-lhiT,  ^-jHi/'j-CgH,,,  in  the  rolaiilu  nit  of  w 
jmrDnop  (p.  591),  as  a  glycirridi*  in  the  buttrr  of  cuwii'  tuilk,  m\\\  at>uiK 
anlly  In  i>KMiA-nut  uil.  From  thiH  oil  it  may  \\r  [iri'|>iir>-*d  by  Haj>«>iiifvin| 
with  atron^  tuxlii-lyu,  aiid  diMtillin^  the  wiaji  with  dilutt-  sulphuric  Acii 
Th(<  distillatt^  CHtntxins  cAprniu  uud  caprylic  aciiU,  Aud,  wht'ii  nt*utralut 
with  bnryta  and  eviii>uratiHl,  yUddn  cryBtalti  of  bflriuui  4riipryl»tL>,  nud  ati 
wardtf  vorutxHv  crystaU  of  the  caproattf,  whiuh,  whuu  deounipuMKl  by  «i 
phurir  add,  yiehlti  caproic  noid. 

Nuriual  caproic  acid  ia  a  clear  inobjle  oil,  havinn;  a  soniHwliat  audoril 
and  pungHnt  mh»r.  a  »p.»cilic  gravity  rtf  (.).l)4.'>  at  \f^,  O.HiC.  nt  Jt'J^  C.  (210.: 
F.),  and  b<)ilinK  at  2050  c.  {\K)\<J  K.).     Thu  Ijarium  aait.  (CtH.,Oj),BA4^ 
311,0,  diHHolv*^  in  tI-7  parts  of  watiT  at   ^i^  <_'.  (73.4^  V.).      j'ho  ethy^t 
Hher,  (VHii-O/'illj.  h;i.H  u  fruity  Hm.dl,  and  U»ils  at  1«70  C.  (332.0^;  F.;. 

2.  iBocaprolo  or  laopentyl-formio  acid,  CH(CH^,.CH,.CH,.CO,lI. 
prepar«.Nl  from  iMupcntyl  (iLUiyl)  eyanidv,  hn»  ufl)KH'>iflc  gravity  of  O.iKfl  at  (O, 
and  boila  at  lti:)0.-jiHpo  C.  (3K0.^y>-<il)2O  F.)<  Us  odor  reaviubh^  that  of 
the  normal  aoid,  but  is  stronger  and  lunrc  diaagn^oable.  The  cn/ri'um  talt, 
(C,H,,0,),Ca-4-3H,0,  dissolvea  in  9  parta  of  wat.'r  at  IHO  C.  ((J4.40  F.). 
'J'hi«  r/Ay/ir  etMrr,  C,Hj,0,.C,II(,  has  a  8peci0o  gravity  of  0.bb7  at  i*^^  and 
boiU  at  li;0.4'-  C.  (320.7O  K.). 

r*ii 

3.  MethyliBopropyl-acetic  add.  cHfCH  )  >^*^^*^^*^*  propuwd 
from  tUo  i<itiidt*  of  in»--thyl-i«oppopyl  uurbiuDl  (ainyleuo  hydrate,  p.  580), 
through  the  nunlium  of  tho  cyanid«>,  i«  an  oil  having  a  fruity  smtdt.  Itji 
valciuui  salt  vry;tttt)lizoa  in  auahM,  uiid  U  more  soluble  in  cold  ihau  in  hot 
water. 

4.  Diethyl  aceUo  aold,  [J»U''>CH.CO,H,  proparod  by  the  action  of 

sodium  and  i^thyl  irrfido  on  m.'thyl  aoetaie  (p.  ti86),  is  an  oil  sparingly 
soluble  in  water.  Its  sUver  tatt,  C<llnO,Ag,  cryslalUzM  in  shining  needlisA. 
Tht»  ethylic  eiArr,  C,H„0,.C3llj,  IwiU  at  ISIO  C.  (303.8O  F.). 

Dimethyl-ethyl  acetic  acid,  [.^j^^^' |  C.CO,H,  fonncrf   fW»m  tertiary 

butyl  i.xlid.!,  (ril.,)j((jl!^)ri.  thr.iu)iii  the  mudliim  of  the  cyanid**.  fs  a 
liquid  which  MU  at  1S70  C.  (SC^.GO  F.),  amiI  -*<.lidili.'s  in  thn  crvstiiUinM 
form  at  14©  C.  (57.2-'  F.)*  it»  ^'n««  «»if,  (C4HnOj),Ba-f  6H,0,'  cryslal- 
lizca  in  largo  liunino). 

Beptolo  aclda.  r,H„Oa  =  r,n„.rO.H.  Of  thn  17  possible  molli- 
fications of  thitio  auids,  one  only  is  accurately  known,  vi«. : 

Normal  Ilf.ptoic  or  (Knnnfhtflic  nriti,  rHa(CIl,)6.r(\H.  which  is 
formt-Ml  by  the  action  of  IfoilinK  potash  on  normal  hexy]  o>'aiilde.  rH,(CH,),, 
C^,  by  the  oxidatitm  of  norntal  heptyl  olootiol,  and  htimafnanthot  or  h**p. 


PBLABGOMO    ACID. 


TOT 


toio  ald9li,rd«,  C|H,/),  <p.  672),  bj  oxir]&tion  id  the  air,  or  with  nitrio 

ncid.  or  witli  ohrumio  ftchi :  also  by  oxtdnlinii  of  onfltor-oil  with  nitric SL-iit. 

(KiiAiiUiylie  actd  iK  a  trAii»])Arniit  cnlurlf^s  oil,  linving  an  uuj»U-ii0»fit 
nlnr  like  tliat  uf  ctxlliah.  It  tmiU  at  TZV^  ('.  (43:t.40  Kj.  It  is  intinhible 
In  water,  but  soluble*  in  nb'tihol  anil  ether.  Wbtrn  hcalcl  with  baryta,  It 
givt>s  off  hvxane,  ('gH,,,  thf  bnrjrta  abstracting  carbon  dioxide :  CjH|,0,=s 
COj4**'fll|f  '^^*^  [tuUiasiuui-dalt  Mubji'^ted  toelectroly^iKyifbU  dili  e  x/l, 
C„Maj.  Tbft  aileitim  unit,  (f;jH,,*\)j.ra4- H,0,  crvritaUizus  in  flattened 
neodlee.  Holiil.le  in  llKi  pj4rt»t  of  wutr-rat  b^<'.  (4«.4«^  F.).  The  rth^lic  ether, 
C,Hi,0,.C.^H,..  hft«  a  Iruit^*  <vlor,  a  aiMHiiflu  gravity  of  U.»73  at  lll^  C.  (i;0.fcO 
y.).  »"'»  '•"''«  «»  1'*'^'  ^-'  (37".40  F.). 

Another  hoptoic  add  haa  b*<rn  obtained  bjr  the  action  of  amyl  iodidu  ou 
ethyllc  sodaocttit4>,  CH^Na.C'OiCjHi. 

Caprylio  Acid,  f\H,gO,=3r,H„.rO,H,  orrorBas  aglycrridt?  in  tho 
butter  ni  cows*  milk  and  in  coixm-nut  oil ;  it  m  also  found  In  several  kinds 
of  fuat*l-oil,  partly  frc«.  partly  oa  an  tathylic  or  amylic  ethur.  Jl  m  Ixjctt 
pr(*|MirMl  by  jtuitoni[i<'ati(»n  of  ooooa-nat  oil ;  tia  bHritim-siilt,  btMng  wry 
sparin^rly  Boluble.  is  onsily  separated  from  the  barium-^nlt  of  capn>ic  acid 
furuic^d  lit  lli't  Haiut*  time. 

i'aprrlic  auid  has  a  faint  but  tinplt^asant  odor,  rapecially  when  warmed. 

It  si.firlifli^  at  VJP  0.  (53.flO  y,)^  oitdu  at  15©  (.'.  (M»o  p.),  and  boiU  at 
23«P-2:tHO  c.  (46ti.HO-HW>.40  F.).  When  Iwiled  with  nitric  acid,  U  is  con- 
vorttfd  into  nitrocaprylic  acid,  C,nj4(NOj)0,. 

Primary  orty I  (ib-ohol,  ("iHijO,  obtnin«*d  from  Hcraclcum  oil  (p.  591), 
jivlds  by  oxidation  with  chromio  acid  an  acid,  V^U^^Of,  Bolidifying  at  lUOC. 
(53.00  K.),  melting  at  lU'-t?^  C.  (tlO.sO-U'J.OO  y.),  boiling  at  ir:HO-23ttO  C. 
(45:i.2O-4(;0.4O  K.),  aiitt  doubtless  identical  with  the  e^prylie  juui  of  natu- 
ral fata  :  but  the  primary  octyl  nleubol  uUtaine<l  from  tlie  octane  of  Amo* 
rican  petroleum  yields  by  oxxlnlion  an  a>:id  isomerif  with  the  above,  lu- 
asmnch  as  when  floating  on  water  it  remains  liquid  at  t>^. 

As  the  primary  octyl  ulwhol  of  Hcraclcuiu  oil  in  an  iso-aloohol  (p.  591), 
it  follows  lliat  the  caprylie  ncid  formed  from  it  by  oxidation,  and  there- 
fore also  that  obtained  from  natural  fata,  must  \w  an  iao-acid,  viz.,  Uo- 

heptyl-formic   arid,  {[^iJ^^CIl— (CH,)j— t'O,!!. 

Pelargonio  or  Nonylic  Acid.  <"»n,^0,  =  f „n,..n\!f,  was 
flrst  obtaintMl  from  the  leavwi  of  tlie  geranium  ilMarfjonium  rosrimi),  in 
whicli  it  exists  ready  funned,  it  may  Ih<  procured  in  large  (pianlily  by 
the  action  of  nitrin  acid  upon  the  essential  oil  of  rue  (which  contains 
nonyl-methyl  ketone,  C,H,,.CO.rH,)  ;  nlso,  together  with  several  other 
acids  of  the  fatty  neries^  by  the  action  of  tiotling  nilric  acid  on  oleic  acid. 
It  ia  also  formed  synthetically  by  thr  action  of  boiling  alrobolic  potash  on 
primary  octyl  oyanifle,  r„n,-.rN,  pr<*pari'<l  from  the  iK'tyl  alcohol  of  Hrra- 
cleum  oil.  It  is  a  liqnifl  having  a  )«li^ditlv  unpteA>4aiit  mlor,  Kolldifving 
at  120-12.50  C.  (53.tr'-34.BO  F.).  and  boiling  at  253  -JMO  C.  (4J37.4C^ 
489.2^  F.). 

Eik^l  /^Jarffoaate,  r,n„0,,C,nj,  may  hs  easily  prodnowl  by  rli«(tr>lvlng  the 
acid  in  elrong  alcohol,  and  passing  a  current  of  bydrooblorie  neld  tbrongh 
the  s'dution.  It  is  a  liquid  nf  speeifle  gravity  0.802.  ami  Willing  at  2500  C. 
(482P  P.).     It  has  a  powerful  and  most  intoxicating  vinous  mlor. 

The  aruma  possesse*!  by  certain  wines  appears  to  !«  duw  to  tho  prosvnoa 
of  the  ether  of  pelargonic  arid,  wbirb.  in  this  cnHe,  \tt  prolmbly  generated 
during  fermentatinn.  When  Huch  wim-s,  or  the  reaidneM  of  their  fermnnta- 
tlon,  are  dlstilbil  on  the  large  genie,  an  oily  liquid  pruiaefl  over  towards 
the  close  of  the  operation,  which  consists,  in  a  great  measure,  of  the  crude 
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ftliiT  :  il  mk^  1m^  puriHiHi  l>r  AgilAlum  wifh  noltition  of  pkotassiuni  carTna^ 
»U',  frtHMt  tmm  waUT  by  «  f.«w  fr.ijL'iu>fin«*  of  CAlriuiii  cliluriiiu.  Mni 

■chbul  oa  ixiutatttie  riW,  and  the  at--iit  u  <r«uiAM<c  ucir/. 
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Rntto 'ir  Caprlo  Acid,  r,,1l3,0,. — Tliiii  aoirl  trxisU  *«  a  ^lymifto 
In  oriliuju'^  butlrr  iui>i  iii  ox^'ji-iiut  f>il ;  it  ocruK  also  in  fievcral  kitul«<tf 
fufiflHiil,  aiiil  19  fitfiiuit   hv  the  oxiilAtton  uf  niric  acid  auti  of  oil  of  ri 
It  nia^  1^  <)htAtn*Nl  pun*  and  in  ttileraltlf  quanlitr  from  the  liquid  wUi* 
rnmaiiu  iu  tin*  distillation  of  tli«  Tuiwl-oil  of  the  &>c(>ich  ditttiUi-rirfl  (p,  fit 
artiT  th<r  am.vl  ah-tdml  Iuim  iitH-n  difttitlnl  ott  at  13'20  C.  (-Jii^.tjO  F.)*     TUi 
ruaiduM  coiiaista  cliii'dy  of  auiyt  rutaie^  ^*ioll„0,.(yi||,  and  wlu'ii  di»iiil 
with  iH»lrt5h  pivfs  off  auivl  alc'hot  and  lHnv<*»  [Hitaxninm  rntate,  fmui  whi* 
th(*  nitio  aoid  in.iv  W  nhiAin***!  br  )1).«tillatioii  with  sulphuric  arid. 

Uulic  acid  U  a  eolurlea^  crystuUiue  body,  hafing  a  alight  odor  of  tl 
gitAt,  U*i-oming  8trr<nger  whon  the  acid  la  wamiod.     It  ujvlls  at  27— 3(P  i^ 
(Slt.tU^OO  K.J,  boiU  at  itl^^^TlK'C.  (514.4-5ll?o  F.).  is  v«t>-  soluble  in  roU 
alcohol  and  elhiT,  insulublti  La  cold  water,  »lightly  solublu  iu  boiling  waicfg 
and  dissolvvj}  without  alteration  in  strong  nitric  acid. 

The  lui-'tallic  rutatt*^  ore  uitistly  sparingly  soltibk'  iu  water.     TTio  barioi 
baU,  C^'Mll|»*^j)2^^i>*^l"^r'^^*'^f>'0iu  Holutiouin  Uiilingwatt^r  in  ne«dli<^hatN'<l' 
or  largt'  prisiuuklic  crvbtald  wkloh  Uoat  on  the  water  if  not  tiioistMned. 

Laarlc  Acid,  Cuil^O,,  oocum  at  a  glyoride  (Inuroatearin)  in  th« 
fat  of  the  hay-trt^t'  {Laurit  utMUit),  and  in  the  solid  fat  and  rolatilM  oil  of 
pichurim  bt^aius  {Falxr  McMuriin  »*fo/'.).     It  is  prepared  by  HRponifyin^  lli 
fata  witli  caui^tic  alkuli,  and  docomj>u»ing  the  reaatttng  soap  with   tartar 
or  hydrochloric  acid.     It  likewise  oucurs,  together  with  other  fatty  acid 
or  their  ^tyc*'ridcH,  in  cocoa-nut  oil  and  the  uiIh  ur  fat£  of  »evt*ritl  nth 
pl.intA,  ftUo  in  BpiTmatvli ;  and  ia  dcparated  fnmi  the  mixtur.  - 
acids  resulting  from  the  ^apiiuificution  of  thfse  sutuitaiiccs  by  a  • '  I 

pro<'<*s!i  of  fractioiml  precipiiutiou  with  barium  and  magneaiuiu  ;=....^,  tnUi 
the  dftaiU  of  which  we  L-Aunot  enter.* 

Laurie  acid  l8  insoluble  in  water,  bat  dlssolree  easily  in  alcohol  a 
vtber.  and  rryatallixett  from  alcohol  in  white,  oilicy  needles,  which  in«4t 
about  4:^  i\  (I0!».4O  F.). 

The  lauratea  of  the  alkali-metnU  and  of  barium  are  soluble  in  wat**r 
the    other    salts    are    iniM>Iuble    or   sparingly  soluble.     The    caicttntt    aalt^ 
(y\Ma^i)f^t  >s  rt«.solvfd  by  diMtillatlon  into  calcium  carbonate  and  Uuro- 
fltoaroue : 

(C„n„0,),Ca    ==     CO,Ca     +     C„H^O. 


I 


Myrlstlo  Add.  C„n„0„  ocvur*  aa  a  Rlyeeride  m  nutmeg-bnt 

and  (Itnba  fat ;  aUo.  tiigether  with  Uuric  acid,  in  Dika  bread,  the  fruit 
Mapjifern  oobo»en$U.  an  African  tree  ;  and,  together  with  other  fatty  acn 
in  oo^a-nnt  oil  and  gpennnoeU.  U  may  be  produce.!  from  crude  cth 
(cdvl  alcohol)  br  heating  with  a  mixture  of  polafih  and  lime,  its  fornmU 
Immhr  doubilefis  dne  to  the  presence  of  methal  orroyruUo  alcohol,  X^tOat^, 
in  thu  crrde  ethal  (p.  594)  : 

Lanrio  acid  in  likewise  prodnced  by  n  Fimllar  pmr<*9  from  crude  ethsd, 
doubllflss  beoanse  thai  nuUtaiiee  also  cmtains  b.lhal  or  launc  aloolwl, 
C  H  O 
"puTe  myristic  arid  is  mmt  eauily  obtained  by  aaponiflealion  of  Otoba 

•  See  Waktt's  Dlclloaary  of  OhemUlryt  v«L  UL  in  *?*• 


io^B 


TAtUITia   ACID,  709 

(from  J/yrtWifvi  Otnha),  It  fumu  white,  »hlnin^  cr^HtalMne  liimhm,  melt- 
ih;*  al  53. 80  L*.  (12r>.>sO  F.).  It  ia  quilt*  liiKulubtu  iii  WAti*r  aii<i  iu  i^tluir, 
but  ilirt:4«>lv«t>  t'aHily  [n  Lot  alcohol,  aiitl  i!r»tulli£i-A  thort^from  ou  i:aM>liu^. 

The  niyriBUit«i4uf  lUa  alkali -mrtaln,  CjiH^jO^K,  vtc,  arv  im>IiiIiW>  in  watur, 
and  nut  <li*(iiiup«r^i-(l  ||ii'r«<l*v'  (lik«>  Itii*  nlcaratt^H).  Tho  otlti*r  injrrinialtn 
aro  iuaolubk*  or  Bp:irin);ly  BolutiU>,  aud  are  obtained  hy  pr«.vi|iitati(m. 

MyriMiii  <<\lli)('-'uHrtO,);,,  tbu  gl>*-'vriJ*,'  of  myriHtio  acid,  uubtaintMi  by 
preH-iiri;^  uiiluii*gH  Iwlw^MUi  hot  |iliit«.ti,  ■•xbutiMling  thu  mulM  fnt  thim  ol»- 
Ininoil  with  spiriUi  of  wine,  anil  iTvittatlixiitg  \\\**  undittttolvufl  portion  from 
boiling  tsther.     It  itf  a  crystal  Itue  lat  having  a  silky  lu»trc. 

Pal  ml  tin  Aold,  C„IIj/\,  occurs  as  a  glyc(«rid(}  (tripnlmitln)  in 
mnny  natural  fati»,  ultni  an^uviutcd  with  stviirin.  rnhu-oil,  tlK<  product*  of 
ElniM  ffHiammMiM,  t.'lttOfS*]  tallnw,  tbi<  prodihTti  of  thu  talUtw-tritr  (^Siiliiutfia 
9<ffii/rra),  aiid  Jai»an  wax-,  from  JiJiu*  •urctvUmm^  ronsttilM  mainly  of  tripul- 
mitin.  I'aliuitic  acid  ii«  oanily  prepared  by  ^nponifyiu^  palm-<iil  with 
caiulic  potash,  diwompoaing  ilit^  aoap  with  sulphuric  at-id,  and  crvalAllizing 
th(;  ii"pnraU.*<l  fatty  auid  »i*vi^t.i1  lin)<ii  fn»ui  hut  aluohol  till  it  uxliiliila  a 
constant  nii'ltin:;-|K>int.  Chin4*rti*  tallow  may  Ih*  f>aiKinirh-tl  with  ati'«)lHilJc 
pota>.^h.  and  Japan  wax  by  fuaion  with  twlid  potaaaiuiu  iiydratc,  aud  the 
sojtp  lruatt<d  iu  a  similar  manner. 

Palmitic  avid  exiMtd  also  an  uvtyl  palmitatc  (octin),  CkH^.Ci^H^Oi,  in 
Kp<M-mao4!ti,  aud  vu*  myricyl  palmilntr  (nicliBtiin),  C'»U«,.C,ftl„i>,,  in  lw««'- 
wiix.  It  U  proiliiri'd,  to];«<thor  with  ac«tic  acid,  uy  melting  oleic  acid, 
C^II^O,,  wiili  putaijuiaui  hydrate : 

*--,.H«0,     +     2K0U     =     C„!l„0,K    +     C.II.O^K     +     U,. 

Palmitic  act<t  ia  a  colorh*ss,  solid  body,  vithoat  taste  or  smell,  lighter 
than  water.  It  is  insoiitblv  in  watvr,  but  dissolves  abundantly  in  Uiilin|c 
alcobnl  or  ntht^r.  Tlo'  t«oliitloi)<i  are  arid,  and  wUen  iMinctiitratod,  mdidiTy 
ill  a  mass  on  cooling.  When  diluU*  tUey  yield  the  acid  in  tufln  of  tjleiidvr 
net'dbnt.  It  melu  at  <V2P  C.  (143.fP  V.),  and  wdidilitn*  on  cucdini;  in  a  mass 
of  ^billing  nacruuud  laminae.  When  heated  in  a  diah  it  Uiiln  aud  tivajK>- 
rat(.*3  without  retfiduo,  and  may  bo  distilled  alwoHt  witlioul  diange.  Wlieu 
gently  bealeil  in  the  air,  it  \a  but  slightly  altrrod,  but  nl  hij;her  toni]H*ra- 
turcii  iitaked  llm,  and  burns  with  a  bright  smoky  Itume  liko  other  rals. 
It  is  ftllaeke'l  by  chlorino  ot  UHK^,  giving  off  hydnK-hlorlo  acid,  aud  forming 
oily  subtititulion-produuts.  Heated  with  alooliulM,  it  forma  vumfiound 
ethers. 

I'nlntitio  aci<l  foruu  normal  or  neiilral  salts,  baring  the  composition 
M(',,U3,0,  for  uuivabml,  and  M"(f',,ll„0,),  for  bivalent  nK*tals,  and  with 
tho  aUali-niPtalK  also,  acid  salts  analogous  to  thu  acid  Ac«lAtf«.  The  nor- 
Utal  palmitntes  of  (M)tA.<4»iium  aud  solinm  are  soluble  in  water  and  alcohol ; 
tlie  rest  art*  tnsolubbj,  aud  ari^  obtained  by  prei^ipitating  a  mctallio  salt 
with  an  nh'4ilioIic  solotion  of  sodium  or  putnstfiuin  jmlmitate. 

/Cthiff  /HilmOitr,  *  Vl.',.'.'nils|0,.  obtaiue<l  by  passing  hydrm-blorhi  «<ud  gas 
Into  a  saturatetl  aUMibnlic  solution  of  palmitic  aoid,  crystallizes  li.  prisma, 
and  melu  at  '24^  C.  (75.^  F.). 

Glyceryl   Palmltatea   or  Palmitins. — There  are  three  of  these 

ethers — viz.,    .\/tt»f>jMtlmitin,    <*,!!,  I. \    ii  'n  » '''W"''''"'.  C,Hji  /A    ,,    .^  ,   , 
•     ...     r.  t»  ,"   .1   y^  I  *  is"»i"a  1 1^  i(i'iii»',;j 

and    tnpaimthn,  "jl'ivC  i,H||Oj)j.     Tbe    llrst    and    secnnd    are  obtatntMl   by 

I  heating  palmitic  acid  with  gIye«Tin  in  seale>i  tnl>es  ;  the  third  by  heating 
B  mixture  of  1  part  or  innnnpaluiltin  and  10  parts  of  palmitic  acid  t«2r*(P 
p.  (48*20  K.)  for  twenly-.-lffht  bourn.  They  are  all  crystalline  fats.  Tri- 
^almitin  thus  obtaluctl  melts  at  4t>0  C.  ClU.i»0  K).  Natural  palmitln, 
r  m 
^  — * ^^-^ 
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Ined  from  p&lm-oil  ftnrl  other  fAlii,  ha.«t  th#*  oomposltion  of  IripaJmii 
itoxbiUtA  throo  isijinLTic  (or  rAtlior  nllotropic)  modi£catioiii«  ( I tke  Uh 
of  Ale^rin)  im-Uinj;  respcctivi'ly  at  4ti'^  C.  (lJ4.fi'^  F.).  6U70  C.  (1-13.] 
F.).  ftQ«l  t;2.8-->  C.  (1450  F.;:  Oxa  fl»l  appuara  to  be  i^enluial  with 
^cial  tripalmitiu. 

Palm-uil  cornea  chiefly  from  the  eoftst  of  Afrioi.  It  faaa,  when  bwh,j 
dt't'p  orange-reti  tint  anil  a  very  a^frwublc  odor:  the  LHiIoriiig  omtlt 
nntiirv  of  which  is  unknonn— is  vA&il/  rl*>Mtroj^od  by  t^x^Mwun^  to  Ii|;l 
t'Speoially  at  a  high  t^'nipiTaturo,  and  alno  by  oxidizing  agpiiLa.  Th 
lut'lls  at  'J7^  C.  (bU.(JO  K.>.  By  oautiuiis  prwsure  it  luay  bo  fioparatcd  iai 
lliiid  olfin  and  aotid  pnhnitin,  whirh,  whi-n  purifii><l  liy  crytstalUzaitc 
ffrom  hoi  rthcr,  ia  jHTft.'otly  white.  By  keeping,  pahn-oU  seems  to  sntfitf  1 
change  similar  to  tUat  produced  by  saponification  :  in  this  state  it  is  fuu] 
to  contain  trao^s  of  glyui-rin  and  a  considerable  quantity  of  olvici  aci 
togothur  with  pahuitio  acid.  Tho  oil  tjocomea  hardur  and  raucid,  and 
melting  point  is  raised  at  the  same  tiuic. 

MarBftrlo   Acid,  C|,H,^0,. — This  name  was  formerly  applied  to 
acid,  inttrrnii'diatf!  lintwi^en  Htearlo  and  palmitic  acids,  supposed  to  be  pi 
ducod,  togetlior  with  otbvra,  by  the  saponiAcflliou  of  natural  Tats  ;  but  it 
now  rostriutcd,  for  ri-asons  to  bo  presently  mentioned,  to  an  acid  prrpari 
by  adclinito  reaction — viz.,  by  the  action  uf  boilinf;  alcoholic  potash 
cetyl  cynniiie : — 


k 
^ 


Cj,n„cN    +    Kon    4-    h,o 


jsn. 


pr< 


The  ftolld  potassium  salt  thus  obtained  Is  dooomposed  by  boilio^  dilute 

hydrochloric  ucid,  and  ihu  bcparatfd  luargario  mid  'i»  purified  by  prvci 
tatitig  its  ainnionia4:al  Hnlution  with  barium  chloride,  decomposing  llit> 
cipitatc  with  hydri/chloric  acid  and  ether,  separating  the  ethereal  solui 
by  menns  of  a  pipette  ;  and  distilling  olf  the  ethiT.      It  forms  wbitc  crj 
taU,  melting  at  U'J.U^  V.  (139. t;^'  F.).  and  is  intermediate  in  all  ItH  propi 
lies  belwt^ea  palmitic  and  stearic  acids. 

The  fto-oalKnl  margnrio  acid,  obtained  by  the  Bsponifictation  of  natui 
fats,  and  regarded  by  Chevreul*  and  many  other  chemists,  as  a  distini 
acid  having  the  coiuixisiliou  C'|,II^(>^,  ban  In'en  tdiown  t>y  Ueiutzt  Lu  Ih* 
mixture,  ri;»iolvabln  into  stearic  acid  and  other  fatty  acids  of  lower  melti 
jMiint,  chiefly  palmitic  acid.  Such  mixtures  of  solid  fatty  acids,  or  of  tl 
corresponding  glyceridcs,  cannot  b*j  eompluteiy  resolved  into  their  oonsi 
tueul  fats  by  crystallization  from  alcohol,  ether,  or  other  solvents,  whit 
was  the  methwl  of  separation  resorted  to  in  the  earlier  investigatioi 
The  only  effectual  method  of  separation  is  to  subject  the  alcoholic  solul 
of  the  acids  to  a  series  of  fractional  precipitations  with  acetate  of  It 
barium,  or  magnesium,  the  slearule  then  separating  out  first. 

Btearlo  Acid,  C^HjgO,,  was  discovered  by  Chevrenl  as  a  constiti 
ent  of  the  more  solid  fats  of  tlie  animal  kingdom.     It  is  mor-t  abundai 
in  these,  c3p«M;ially  in  Iwef-  and  mutton-siiet  ;    hut  exists  hUo,  together  w 
pAlmitio,  myristie  acid,  etc.,  in  the  softer  fats,  such  as  the  butter  of  oo^ 
milk,  human  fat,  that  of  tlie  guoau,  of  ser|>ents,  of  cnntharidea,  and 
aiHirmaceti.     It  occurs  also  in   vegetable  fats,  esjH-ciiilly  thns*^  of 
beaiu,  of  the  berries  of  Coccuiwi  indicns,  and  in  shea-butter,  obtained  fr 
the  nuts  of  Dassin  Ihrlii,  a  tree  growing  in  West  i^frica.     In  all  llirse 
it  occurs   as   a  glyceride,  but  in  that  of  cooculus  grains  also  in  the  fr 
state. 

•  Reek^rrhet  tur  Ut  corp%  grns  d^origine  antmoie.    P"^«i  'W*. 

t  >or  rttiiH^nvea  o  Uelalt^v  iu«muira,  «<-t- UutfllB's  HaodbiMk,  rnl.  xr.  p. 
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Steario  acid  Ib  pro  pa  rt'd  from  boof  or  mntton-duet,  or  b»»it*r^  from 
traoao-fat,  by  saponifying  tho  fat  witli  »mln-lyc,  httnting  tlir  iMmp-paiito 
with  wattT  anri  dilutt>  Hiilphurio  aoiil,  removing  \\\e>  si'pnratitl  fntty  nciils 
after  cLMiling,  irAt^ltiiiK  thvm  with  wattT,  and  then  diHMulving  tlieiu  in  as 
ftnuill  a  quantity  as  (>o»sthlo  of  hut  alcohol.  On  L'ooHng,  thu  gpi'ater  part 
of  the  iiolid  noid  Hi-pttruteti  nut*  while  the  oleic  acid  rum&luH  in  Bolutlon, 
and  may  hv  si-parated  by  subjecting  tliu  ina.*tH,  after  draininti,  to  strt^nK 
prtf^fturo,  redittAolvJM}^  tlie  reitidiin  in  a  Mnall  quantity  of  Alix>hol,  leitring 
it  tu  i^eparate  hy  ctKtlinf^,  and  again  pretising  the  solid  niaits.  Kroiu  thu 
uixlure  of  solid  futty  ucidH  thufi  ubtaiued,  the  stearic  acid  may  l>e  sepa- 
rated in  a  oumparutively  puru  tttate,  by  repeated  crystallization  from  con- 
■idurabk*  quantities  of  alcohol,  only  th«  portion  whii.'h  firKt  xeparaliii  being 
each  lima  collected.  But  toobtain  puro  stearic  acid,  it  is  iH-ttfr  tr>  diu* 
Botve  the  impure  stenrio  acid  (4  part«),  nteltinf;  at  6<>^  C.  (\4iJP  F.)*  ^u 
auch  a  qunnlity  of  hot  alix^hol  that  nothing  will  separate*  out  on  cooling, 
evi'u  to  iK>,  and  mix  the  hut  liquid  with  a  iHiilin^,'  aleoholiu  Holutimi  of 
rongneHium  acvtate  (1  part).  Tin*  iu»k'>H>«inui-i<;ilt  which  iti'imrates  on 
cooling  is  prcffftiHi  and  boiled  for  ^onit-  time  with  a  large  qunnlity  of  diluto 
hydroehlunc  acid,  and  the  utttarie  acid  then-hy  KepurattHl  is  rep«-fttedly 
cryt^tidltKiMl  from  alcohol,  till  it  luelts  conalaiitly  at  GU^  to  1*i^  C.  (L&U.20 
to  158.tiO  K.). 

ijtearic  acid  is  nUo  easily  prepared  from  the  fat  of  oooculua-bcrriey,  which 
oonHJHts  mainly  of  Ktrarin,  by  saponifying  it  with  potash,  etc.  Awarding 
to  Huff  and  Oudemanuflf  the  beat  material  for  the  pn-paration  of  Htearie 
acid  is  shea-butter,  wlueh  contains  about  30  per  cent,  oleic  acid,  and 
70  per  cent.  Hteario,  but  no  other  solid  fatty  aeid. 

On  thti  largo  scale,  impure  stearic  ueid  is  prepared  for  the  mannfActaro 
of  stearin-candles,  by  saponifying  kouil*  of  tlie  harder  fats,  generally  with 
lime.  Tho  reaulting  limt.>-KOAp,  dramipot^iNl  by  sulphuric  acid,  yields  a 
mixture  of  fntty  acitls,  which  are  pn^sinl,  flrsl  in  the  cold,  and  afterwards 
at  a  higher  temperature,  in  order  to  separate  tlie  oleic  acid  from  the  U^s 
fimibb)  pulniilio  and  stearic  acida.  Another  metliod,  applied  chiefly  to 
palm-oil,  coiuii.its  in  deoompofllng  the  fat  with  super-heated  bteam,  as  de- 
scribt><l  under  Ultcbriit  (p.  (]10).  A  third  nietho«l  consists  in  treating  the 
fat  with  sulphuric  acid,  and  distilling  the  prttduct. 

I'ure  stearic  acid  crystallizes  from  alcohol  in  nacruoua  laminje  or  ne<^!es ; 
it  is  tastehwi  and  inodorous,  and  ha^  a  distinct  acid  reaction.  At  low 
temperatures  it  is  heavier  than  water,  having  a  specific  gravity  of  1.01  at 
OO;  but  between  n<^  and  KO  C.  (48.aO-.'iOO  F.)  its  speclllc  gravity  is  the 
same  as  that  of  water.  It  inelts  at  U9Ci-«fl.2C'  C.  (lf)ti.2Q-15G.li^  F.)  to  a 
wlorloHs  Dil,  which  on  cofiling  Bolidifl(>B  to  a  white,  fine,  scaly,  erystalliiie 
mails,  lamino-crystallineon  the  fra^nured  surface.  When  heated,  it  diHtila, 
for  the  moat  part,  without  alteration.  Chlnrint  converts  it  into  chloro- 
Htearic  acid,  Cmll^ClOj.  Heateil  with  hmminf  and  water  in  a  seah-d  tuite, 
it  is  converted  into  bromostearic  acid,  C,gH,aBrO„  aud  dibroiuostcario  acid, 
Ci^H^BrjO,. 

Stearatefl. — Stearic  acid  dissnlves  in  a  cold  nqiieotiB  solation  of  alka- 
line carbonate,  probably  from  formation  of  acid  carbonate,  and  doo«  not 
expol  the  carbonic  acid  and  form  a  mono-acid  sail,  till  hentetl  lo  about 
UKP.  On  the  other  hand,  the  •ttcaratefi  are  decoraposnl  l»y  mogt  other 
aei:U,  the  separated  stearic  acid  rising  to  the  surface  an  an  oil  when  the 
liquid  is  warm.  The  stearale;*  have  the  consistence  of  hard  soaps  and 
plaalera,  and  are  muntly  insttlnltle  in  water.  The  nonial  jHitassium-sait, 
CinUjaOjK,  separates  on  cooling  from  a  solution  of  1  part  stearic  acid  and  1 
part  potassium  hydrate  in  lU  parts  of  water,  in  white  opaque  griinulee. 
The  a^id  $alt,  C ,,1*1^0, K.C'i.Hj^O,  is  oblaiuwl  by  dwwmpoaing  the  normal 
salt  with  1000  parts  or  more  of  water,  and  separates  in  silvery  scales  from 
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»  Mtliig  ftlooboL     Aomof  mdlitim  arartUtt,  C.«HuO,Na.  b  r^ 
?  th«   pousfli urn  salt,  but  harder.     Th«  n^^fW  «fi/f,  Ci^H^M^Xi 
•if  hv  UtKtmiiHmiiig  tb«  DomulMilt  with  Zl'LKt  parts  or  luun 
.[•xM  rrtiui  llix  ht*L  »(>ltitiuU  in  OftcnniUfl   lauiin:?.      The  steal! 
in  tit)  .iiiil  lu'uvy  uivtaU  «r«  iosulublu  iu  \rau-r. 


sjipoail 


pa  oM....^.  • ;  uiixturi'S  tif  lliu  6<*iiam  or  potawium  tukltd  nf 

Lie.  uU<io,  ami  utli*'r  fiUl.v  ur  uily  aciils,  aiul  are  yruduutfd  by  sapoai 

talUiw,  nlivr^  oil,  ami  otht<r  (nts  with  osustio  aikali«t».     Tb**  auda 

tr»  oatltiU    hard   eompa  :    they  si'iiorate  from  th<*  aJkalLnu  liquor; 

•UditUtii  nf  titiuiuoii  unit,  ill  harii,  uia-luuuB  naaioea,  which  tirv  the  w>ii)4 

ktiioii  usu  ;  Ihlti  iikmIk  of  8t*|inruti<iii  is  csHmI  Multiug  out.     Thi*  piit-)uti< 

un  thu  otlu>r  hnnd,  cniinot  Ih*  lliua  Hfparatwi  ;  for,  ou  adding  «ait  m 

IV  •ointion,  thay  are  <lft-t)iti|K>?ir(i  and  coiivortixl  into  »o«ia-fitiapij«  ;    bul 

ar«  t>blaine>i  in  a  Botui-Hulid  stMle  by  ttva(H)raiut^  the  liulutiuu.     Tb4 

kMncU,  callud  auft   auaps,    always  oontam  a  uuiuidernbic*  cxt 

li.  and  aro  lued  fur  oleaiuiug  and  soouriiig  wbea  a  powerful  dot 

rr^iuired. 

Btitario    ptbfirii    are   fnrnK«d   by  halting  stearic  acid   with  alcoholsj 

wuualoiulo  or  polyatomii;.     Kthifi  steumtCf  t',H^.C„i,H^C>p  is  UMjat  vasily  ob< 

luitfd  by  pa-S-Hiug  liydrijclilorJc  acid  i;wi  iutu  au  aluuhulic  wjlutiitu  of  dtL*arid 

>id.     It  ri*HtMiihl»H  whitM  wiix,  is  ir)oil<»rou9  and  laalelusfi,  lueltii  ut  Mf^  ('. 

K.).  »"*l  cannot  be  dislillt'd  without  dw«)mpoHilian.     It  ia  ruodily  d«- 

tpu»ed  by  boiling  with  caustic  alkulics.     Thrry  are  thrt^   glyceryl 

arates    or  stt^arina,    analogous  iu  compiMitiua  to  the  paii 


rMrta. 


liuiUm 

ario  acid  anl  glycerin  to  tlOlfO  in  a  srahvl  tnh(«  lor  3t{  hoars,  forms  ^erf 
white  noedloi^,  melting  at  iJl'^C.  (1-11.8^  F.).  and  golidifylDg  again  al 

T,  (M(PF.).— AWrti/i/i.r.lIj  {  ,  ,   ir  n  \    ,  obtained  by  heating  mono- 

sN*rln  with  3  parts  of  sb'ario  and  to  2tI0O  for  threfl  honrK.  forms  whitA 
kl.nvitiipit'  lauiinie.  molts  ut  S»0  c.  (13ii.4-' K.).  ft>»d  tudidttitv  at  f»50  C., 
Iltl-^  K.). — Triatt'/triH,  C3\lj^{C^^H.y^O^).^  is  prwparyd  by  buttling  rnunoHlearla 
iih  15  U>  20  tiui'tj  its  weight  of  Htoario  acid  to  271^  C.  (51t^^  F.)  for  thre« 
In  a  sealeil  t(ib<^ ;  aluo  from  rarlotu  solid  natural  tats  by  solution  in 
thttr,  and  rcpiMt^d  orystallizatiou  from  Ihu  hot  solutinn.  It  crystalliKefl 
maMi«  of  whitfl  pt'M'ly  laminie  or  noedk'S,  inodorous,  inatvlrsa,  noiitral^ 
Itid  v»lalili«in>;  without  dciioinsMksitioa  undHr  rrtluL'i-d  prt-ssuru.  Both  natn> 
auit  artitloial  tristi'ariu  cxhibil  throo  isomcrio  or  allntr'*pic modifications. 
•In  Kitparat'Hl  frntn  olhi^r  m.dts  at  G*l.70  C.  (157.5'3  ¥.);  but  if  heBt«Hl 
<%70  C.  (Iii4.b'0  F.)  or  hlghor  and  th«»n  oooloil,  It  do«9  not  snliriifv  till 
M  to  51.7^  0.  (rr>^  F.).  It  Ihon  molls  at  520  C.  (laS.tP  K.),  and  if 
d  a  f*'W  dt'^rtiti-4  highor,  poMsi^s  into  a  third  modiQoatiou,  which  dom 
tdl  luoU  b.d..rf  04.2^  C.  (147.40  F.). 

Araohtdio   Acid,  <'3all,«0„  is  a  fatty  acid  obtainMl  by  saponlflca- 

lioii  tif  nil  nf  t'ltrth-iitit  (.Ihp-Am  AyyKi^m}.  It  urystallizMs  in  very  small, 
■hiuitttt  rtcab'S,  ludts  at  1^^  C.  (IGT^J  F.),  and  snli'lillts  ai;oin  al  73.50  C. 
(1U4.JO  F.)  to  a  ra<liat*.Hl  uryatnlluu'  mas*.-*.  It  is  Imu  slightly  auhiblo  in 
(-■iild  tUi^diol  of  ordinary  strength,  but  diBHoWos  easily  in  boiling  ab«olul«^ 
aloolKd  and  in  othtT. 

Tho  «^7lw^-*l/^  C^H^O^Ag,  is  a  whito  pri!cipilftl4»,  which  st^paratrt  f^om 
biMling  altiohol  in  slightly  luslrou^f   prisms,  nut  altvrod   by  fXp<»suro  tn 


itght-      Ethvi  anirhiihtt,   C^II, 


IS  a  cry:it»lliiie  iiiash,   inciting  al 


.W  C.  (l:it».r»<-'  F.)'      Bortht'ltil  has  obtained   thrp«  'jl^tyrtfi  itntfh'utaf^  or 
i«j.  analogous  tu  tho  atuarini^,  by  huating  thu  ai'id  with  glyo«ii-i 


ACRTLtC    ACIDS. 


713 


Bente  or  Beb«nlo  Add.  l-jflluO^  U  ubuinedf  togoihtr  with 
otlier  acuU,  hy  HU|>uuiiirjtttuu  ul  oil  uf  Unt,  thu  uil  exprosbtil  Iruin  tlitf 
fruils  uf  Monuffn  Aux  iirkm,  tt  is  a  wliid*  cir^vitlAlline  («1,  mi'lUng  at  7l|0 
C.  (l(ib.8^  F.;,  and  soliairymg  at  70^  L'.  (Ijtjo  K.;. 

Cttrotlo  Aoidi  ^V'^m'V  '^  ^''^  i«seuti»l  coDHtituunt  of  rrriM,  the 
pnrlidii  of  tM-t':i  -wax  which  b(  BolubU*  iu  boiling  alcithol.  It  id  prepartid 
\>y  \ivM'\n^  ilie  wax  fiuvt-riil  tiiuv&  in  8Uuo<!h»iuii  with  boiling  altvhul,  till 
Ihf  tlt'pTOit  which  furiiuf  on  (XK>liug  luclUi  al  7i»^  or  ~i'£^\l.  (iDb- — ll>l.«-'F.)i 
an<i  may  U;  further  purided  by  prt^L'ipiluting  it  from  the  U>IUn^  alcohotiu 
KutuUuii  with  leiid  ucftato,  decuuiposiu^  lliu  precipitate.*  with  ttlrung  aL^elie 
aci<i,  anil  cry»tiLll)zing  tht;  ^fparuLisl  oviil  fruiu  bulling  ahtihul.  Li.-ruliu 
auid  Ik  ako  pruducod  by  the  dry  disiillation  uf  Chinetiti  wax,  whiuh  cunsidta 
of  ccryt  c^'rotato,  C^U^O^.C^ll^,  or  by  melting  that  Mubstauce  ^vith  pot* 
aah,  and  deuom^Nwing  the  resulimg  ]H>taiisium-Halt  with  an  ot-id  (p.  594). 

Pure  oerotic  acid  crystAlliztiH  in  ttmall  grains,  uelting  at  7HO  C.  (172.40 
F.),  and  iLutilling  without  altvraUon.  Chlorine  ounv«^rt8  it  into  chloroo«!> 
rotic  acid,  Cr,ll„l-'1„0,,  u  think  tranuparent  gum  of  a  palM  yellow  ixtlor. 

Cfri/l ceroialf,  or  Vhinfte  icajc,  '\B  produced  on  ctirtaln  trees  in  China  by 
ilw  piiuctur*?  of  a  spii-iett  of  coccua.  It  is  crystnlline,  of  a  dazzling  whilir- 
nesiij  tike  8|x>rt])ao>:ti,  mtdlx  at  H2P  C,  (17U.tiC  K.>  ;  diaaolvefl  in  ah-ohol ; 
yitdds  mirotiu  acid  and  corylent*.  C^fll^,  by  dry  diKtillatJon.  It  is  Uitud  iu 
China  for  making  candk'H. 

MeliBBio  Acid.  Cg,H«oOp  the  hlgh«6t  known  member  of  the  fatty 
flijrit\t,  iA  ubtuMifd  by  huating  myrieyl  alonhnl  (p.  5\tf>)  with  potaiih-llme: 


4-     KOU     » 


,0,K     +     211, 


It  bears  considerable  reaemlilance  to  ct^rotic  acid,  but  mtdls  at  a  higher 
temperature,  viz.,  at  880  or  8i)0  C.  (ia0.4a-ii»,i.:JD  p.).  The  uivertaU, 
CjpU^O^g,  bi  a  white  precipiiaUi. 


Mooatomic  Acldt,  r„n.,„_,Oj. — Aoryllo  Series. 

This  aeries  coinpri.HfS  three  isomeric  groui>s  of  ucidd,  which  may  be  rep- 
resented by  thi)  following  general  formula),  in  which  n  and  p  denote  any 
whole  numbers  from  U  upwards  :* 


•  The  mof>t  t-rnenil  formuli 
stnleU  are  Itie  following ^— 

(»,  a) 


by  which  the  structure  of  these  acids  e<iB  be  repre- 


iu 

II 

CH 


':{o-pH-i 


I!h 

LXLII 


(3,  .1) 


The  first  of  Ihete  formiilOB  Is  rcdiieihle  to  n„+jH,^+,0,  or  Ou-|-.H,(uJ  iljOu,  and 
the  second  and  tliirU  to  C,-KHsf,,+iO,  or  C„+-ll,(„+j)— .iX  both  of  whlrh  nre 
tncluiled  under  theicnepal  TormuU  of  the  wrlr*  C„,H^^— jOj.  In  nit  the  known 
noids  of  the  flrnt  irroup,  ho\r<>rcr,  rxoc|>r  |)M-h4pH  Kntrelic  iicld,  the  vnluc  of  p  ■•  0, 
and  in  th(!  oiilv  kmtvvn  ncid  of  The  upcoml  (rrou(i,  viz.,  lnocrotonlc?  iield,  p  —  1,  no 
th\\  inr  thpie  kiiowo  a«ldtf  the  two  rurmulie  nrc  reiliiftptl  to  the  slmplpr  forinn  given 
the  trxt. 

IIO» 


7U 


xuxArgmc  Aoioa,  c,ii^  ^ 


f)'  •»: 


O.) 

II 

CH 

■U  of  the  fir»< 


(3.) 


r«ir-H 


Tbc  Icouwii  adds  of  Uu>  grvup  arc 


~sll«d  norniAl  aerylic  iieiili 
tabltf  and  animal  orguiiitius,  otlit^n 
'•^*»vm.     Moat  of  tkom   are  oiJy  liqt 


Acrylic  acid 

Cnjiuuit:  acid        ■ 

An^elio  acid 

Pjrrvt0«bio  acid 
f  Damalario  acid 
r  Pamolic  acid 

Moriijgic  acid  ) 


C,  H,0,    rhjretoleic  acid  ) 
C,  »<  tl,    Hvpo^wic  acid     J 


Cimicia  acid 


C,  II,  U,  Uaidiu  acid 

C,Hio'^,  Oleic  acid      ) 

Ofliit^it  Htaidic  acid  J 

C^ll^U,  Dof^llc  acid 

li  ■»  t  Krucic  acid  / 


C„H„0, 


Of  the  aeidi  of  Use  second  group  onlr  cue  is  al  prvsent  knoim,  vi 
i»ocrutonio  acid,  e\II^O,^CH,-CH*— Cll^— CO.U  [ii=I  J. 

The  aorvlio  acida  of  Ifac  third  grvup  ar^  formed  by  a  general  synthetic 
procvat,  rix.,  by  abslraction  of  tbe  eluuieiiU  of  water  frvm  c«Ttaiu  at 
vthen  or  alc«iholic  acids,  having  the  oompoeilion  of  ox&liu  acid.  C,ll,(i|, 
whicli  1  atom  of  oxygen  ia  rvplacod  by  2  atoms  of  a  nionatoiuic  alcol 


HO— C=0 

HO— 0=0 
OxaJlo  add. 


no_c-cH, 
I 

HO— (.-=0 

DisifrhoKMlt 
acid. 


no-M.'— CH, 

HO— C*rf) 
Elhonetli- 
o  a  Alio  add. 


HO— ( 


CTijCn, 


— cn,CH, 


HC— C«0 
I>lclhoaaUa 

KClO. 


Now,  when  the  ethyUc  ethfra  of  these  acids  are  treated  with  phoaphoi 
oxide  or  phfMphonui  trichloride,  thoy  give  np  a  moltfulu  of  water  (llj<l 
at  the  expense  of  one  of  the  moleotilra  of  hydroxyl  (OH)  and  of  au  an 
of  hydrogen  abMlracteil  from  one  of  lh*i  ninnad  alcohol-riidicU>fl,  which 
thert«hy  oonrerteil  into  a  drad  radicle  (nn  itlefinc)  capablt^  of  SAturatii 
thw  nnit  of  equivalence  of  the  oarhon-atom  st't  free  by  alutractiim  of 
hydroxyl.     The    proiluct  is  the    ulhylic   ether  of  an    acrylic   acid  of 
third  group  ;  thu.-^ :— 


c„. 

no— t^— TH, 


£thylloi]itD«th- 

oxalate. 


-         H,0 


CH. 

H,C,0— CrO 

Sthylte-melhyl 
RcrflAte. 


The  ethylio  ether  thus  formed  is  oonvorted  into  methncrrlio  acid  by  bk] 
niflpati<i'n  wiOi  potash  in  the  uuual  way.  In  this  manner  the  followii 
acids  hare  been  obtaineil :— 


ACRYLIC    AC1D8. 
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MnthftcrjUo  »cid,    CH,~C^^jj  ,  {flomvrio  with  Crutnnio  acid. 
Mtithylcrotouio    acid,   C,U,"C<J.^JIj|| ,  itoroorio  with  Angelic  i€id« 
Rtbylcrotonio  acid,    C,H^C<^^y  *,  womtric  with  PynHvrebio  acM. 

Thnre  might,  of  course,  be  an  rlliacr>*l»«  a^*'**  ifioraeric  with  motliylcro- 
toiiio  nciti,  and  n  propyl-at-rrlic  acid  i»uim'ric  with  etliyKirtttuiiio  acid,  hut 
thi*Ai*  liitTH  nut  Vft  lH>fii  ohLAinei). 

TliL*  indivlilual  ncidji  of  thy  iUrtv  gronps  differ  frnm  one  annthcr  aocord- 
iii^  to  tlm  vttiui*tt  nf  n  and  />,  nn<l  tlioAH  wliirli  LimtAin  tlu-  radicli?  '  a'^  ^'^d 
it»  liighiT  bumolugu«-M,  art<  liUBcuptililu  of  furthur  uiudiUcatioiiM  uvc-urdinf; 
to  thu  uLruclurH  of  thv^Q  radicii4. 

Tb*»aci(i«  of  kII  tliruu  sorieH,  wi-i'n  fnac>d  with  potaah,  are  reaolrcd,  with 
evolution  of  hydrogen,  into  two  acids  of  the  fatty  aories  : — 


AoKcnc.                                 Proploale, 

rjro,  4-   H, 

Aoetlo. 

Olek                                      Falmitle. 

Acctio. 

genaraUy : 

c.ii,.  ,f>,  4.   2n,o   -   c,_pn,(^)o. 

+     C.H^O,    + 

ThBmannnr  in  which  this  splitting  up  of  the  molocnlotaktrs  plflt^'ditTrrs, 
howtiTer,  a<TU«nlin^  to  ihu  group  towhicli  tliu  acid  twiougs.  In  lliu  deonni- 
position  of  an  acrylic  acid  of  the  first  grmip,  one  of  the  products  is  alwaya 
acc'tio  acid  ;  iu  the  sc(x>nd,  ouo  of  tho  products  la  alwaya  pru))ionio  acid  ; 
while  in  tlin  third,  tho  two  products  may  b«  any  members  of  the  fatty 
series  of  aci<ls. 

The  flnnl  rivult  of  tho  action  above  tuenlinue<l  is,  in  fact,  to  add  2  atoms 
of  hydrogen  and  2  atums  of  oxygen  to  the  moh-oulw  t^nH^^jO,.  Now,  if 
in  an   acid  of  the   first  group,    represented   by  the   furmul&, 

(^.Hfo+i— <^^1~<^H— CO,H,  ws  suppose  U^  to  be  added  to  the  right  of  the 

dittted  line,  wo  jfot  Cll, — ('0,11.  which  Is  tho  formula  of  acptle  amd,  while 
th(^  addition  of  O,  tn  the  left  nf  the  duth'd  lino  ;;iv't-8  (^'Bllxn-fi — ^0,11,  whioh 
is  also  the  formula  of  a  fatty  acid.     Similarly  the  addition  of  U,  on  the 

right  of  thu  formula  of  the  second  group,  C^i^^  •'  CH— CH,— CO,H,  gives 

CII^— Cn, — CO,H,  which  is  the  fnrmnia  of  propionic  acid,  while  the  addi- 
tion of  0,  on  the  left  gives  CnHm*^!*  which  represcnta  another  fatty  acid. 

The  acrylio  aoida  are  alsi>  eonvertcil  into  fatty  addtt  by  the  action  of 
nasoent  hydrogen,  e.i/.,  crotoaio  acid,  C^II^O,,  into  butyric  acid,  CiU^O,. 

Aoryllo  Aold,  C^n^O,  «.  CH,~cn— COJI  [n  —  Oin  formula  1]. 
— This  auiil  in  tbf^  lowijst  piwsibU'  memlier  of  the  serii*8,  and  does  ntit  admit 
of  iaomerio  modifl(mti<»na.  It  (s  prfnluc'd — (1)  By  i.xidiiinB  its  nldi-hydn 
(ftorob'in),  CjH,n,  with  moist  silver  oxide;  (2)  Krcrtn  m  or  «  iod(tpropinnio 
acid,  CHj.CHI.COjU,  or  rH,T.rH,.CO,H,  by  heating  alone,  or  with  alco- 
holic potash,  whereby  HI  is  alwtractt'd  :  (3)  By  thn  ai'lion  of  nasoent 
hydrogen  (rinc  and  solpburio  acid)  on  J?-dibroraopropionic  acid  : — 

CU^r— CUBr— COjH     +     H,     =     21IBr     -|-     Cn^JCH— TO,!!. 

ylie  ax^id   is  a  colorless  liquid,  having  a  pungent,  slightly  aromaUo 


tie 


MOIVATOMie  AOIVS, 


And  ivIMkU  lA  Kit  propofftioM  viU 

P.),     KMoant  ^dnm  «aar«rto  it 

mill  ti  iiilnn.  frnnhiig#4lNT— fnifiwiii 
1(1  fi>rru  ttu)  #4o1iillt«Uaa  gtraJBaa  «tf 

Til"  mi-1alMr  ft»Tv!fitrt.  fxr^iitg 

/// 
#-•11  •< 


«vlalJt  la 


■  rtio   ftcUl    hy  tU« 


V  *"*• 


prepvad  froM  tW  ««lijf fa 
motakae  «»A  •«lpli.ane  4 


if 


Hilling  «l  lO'Z''  C.  (21&.(P  P.). 
Hiiltl  wltli  liAtytA-wat4<r,  rr\  •^lendcriieedl^  wMA  aa|t  ■ttiS&C. 

(Ult^K.).— //r.*Wirry/i'r  ,i.:.,      ,;.,..JV      Of  tJ>b  »cid  Ifcwr  «f»  tWl»  1 

ttirtum-  mill  4-iJlhniniM|tropkinioad«J.    Thv  former  mdti  Kt  790 C.  (li 
Aiiil  HiillMR  wUU  liydrutiruuiiu  acid,  reproducing  «-diirogmpimiiuafa 

Orotonlo  Aold»»  CVI«0,HC,H«--CO,H.r— Ofj 

lJir>>H  iii'xiilh  ittloiiH,  vjji.  : 


UMffvmrv 


0)  BoUdCrotonlcAoId.rifj—rn—rn—rOjn.— This  acid  iafanmd 
«^.  liy  uKiiluili.nof  iiM  All.*liy.li.,  CH,— CHzrCH— COH  (p.  «73);  ^  Br 
ll»i  <U^  (lUlilUlloii  iif  J-oxvlMjtyrio  iu:id,  C»^:U<OH)— CH; — O^.n  (ab-, 
nlrniitli'li  tirmilt)  i  y.  My  lhi>  at-tlon  of  aloohnlic  pnLaAh  on  s-hnMonkal^ 
K,.|,|,ni^— 4'M^'IIHr— 4'<t,H:  ».  From  nUyHoiiide  by  oodv.  ..'ihfl< 

iiVkuIiIk,  'iihI  (lUllllnlluii  uf  tlx*  latter  with  |*u(a»h.     Now  n!  hu 

ti        '   M   iiiiM  CM,     ril     t'11,1   ((I.  BDU),  Aiid  Iherefore  th«'  ,_. uil^hl 

I  In  Iwi  t'H^—f'll — *'M,rN,  ami!  thtt  acid  obtained  from  it,  CH,   _ 

,'M|,  wlili^li  I*  till*  Rtriiolnru  ijf  iM>crotouic  acid.     But  as  thv  aoid 

iili(rtlMi*i|  111  IliU  tiinitnitf  !■  identical  tn  lu  jiroifertiia  with  that  which  i« 
|iiinliii'inl  I7  IliM  llmt  lliriM*  rKAuticiiH.  it  must  bv  inferrwl  that,  idtLcr  in  ttie 
iimiivi'IiiImh  mF  iliM  iillyl  I<n||i|o  liitu  i-yanido,  or  of  thu  latter  into  ttui  acid, 
a  liNH«|t<utHlnh  of  Hinmn  Iihh  InkfU  plttcv  within  the  molt^'ule. 

ritillil    i>i-iilitiili'   mkIiI    rrvHlflltlsm    fii   nli'tulrr  wrxilly  iicthIIvs*  or  in  IttT]^ 

|tl <t lU  «l  I'Jf-n:.  (hlj.ito  K.),  \MiiU  at  1H20C.  (359.00  p.),  and  dis- 

0mU»ii  lit  111  pHrli  ttf  wntij'  nt  2"^.  i\Aii(>*-nt  hydrogen  conrerta  il  into 
Itminiit  hiilyil*!  ndd.  Il  uiiltcH  nflli  hydr(»gt*n  bitimide,  forming  monobro- 
MmiImHvHi*  Axld,  Hiiil  Willi  limiiiliiii  tn  fi>rm  dlbromobutTric  acid.  By  oxi- 
dtillMH  Hlih  tillili*  ni'lil,  It  In  nwiilvi'd  Into  arriic  and  oxalic  acids,  and  bj 
flulnH  Hhh  |HiUiilt,  liilri  I  WO  iiinUMMiliii  iif  urctio  acid : 


r   I  ' 


4-    :iiV) 


2(riI,C0,H)     +     II,. 


'*  '■''*(.  Ib  pm(luc(»d  by  tho  action  of  xinc  and 

iiiduili'  n<'id  ;   »l«n   by   thnl  of  phu«|)hfirus 

I       '  I;  cf  Wrttor,  iiti  «thylli)  flcrto-aw^lnif,  (OH, — 

tMM,||»;,  wbiMKiv  U  appttam  (o  hare  the  atruotnre  CHI — 

(1,11  I 


I  urci^'i,  «.  ai'ci.n  +  r.iM'i  4-  i»'i  + 


cH.ci>n  4    itoii  « 


ca 

n 

rn 

coci 


o4>n. 


ANOCLIC    ACID. 
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Tills  ari,!  aisaolv^  in  3.1  partJ!  of  water  at  l&O  C.  ((I«.'20  F.),  meUa  at 
M-  C.  (::iH.2^  F.),  «n'l  b(iil«  at  2n«a_aioo  C.  (4(>2.8C^U»^  V.).  Swliuin 
amalgam  cruivf^rtH  it  into  emioutu  acid. 

Tric/dorocTfUimic  Add,  C,H,ri,0,,  produord  by  oxidation  of  tho  oorre- 
ap«miliiig  al(U*h>'d«  with  cold  strong  nitric  avid,  mt'lUi  at  44^  C.  (111.2P'P.;- 

(2)  loBOOTOtonio  Acid.  Cn,=CH— CH^— ro,n  (rjeulhorV  qxtartentfUe 
atitf),  foriiiL'tl  trout  iti*  t'liluro-derivative  (in/Vu)  Uy  thi*  action  of  «t*4lium 
amalgam.  Is  a  ooD-solidifyiiig  liquid,  having  iv  siKujifiu  gravity  of  1.018  at 
U5P  <;.  (77^  F.).  and  U.iling  at  172^  C.  (WI.UO  F.)-  Wii*-'"  heated  in  a 
Bfiilrd  tube  to  nv^iaiio  c.  (33b'^-35tP  F.),  H  is  converted  into  solid  cro- 
Ufiiiu  acid.  Wbvn  lunud  with  |>olaAh,  it  is  rt«ulved,  not,  as  might  bo  ex- 
jK'cted,  into  propionic  and  formic  acids,  but,  iu  ortOHiHiueni^  of  the  trana- 
iurmatiou  i>y  huat  juiit  meutioueil,  into  two  moUKuli-ii  of  acetic  acid. 

CklorimxTtftnnic  ut:iU,  CH,^CC1— -CUa — CO,ll,  i»  produced,  together  with 
chloroerotnnic  acid,  by  the  luHion  of  pho!<ptiorns  penlauhloridt*  and  water 
on  ethylio  aoeto-.noetate.  It  foruifi  eiytitaU  titightiy  soluble  in  watrr.  sub- 
iiinea  at  ordluury  temperBturua,  mvltti  uL  SU..''^  C  (131K10  F.)i  ^^^  buila 
at  IHflOC.  (3830F.)- 

<3)  MethaoryUo  Acid,  Cn,— C<^;JJ>jj  [n  =  l,p=l  in  formula  3,  p. 

714],  in  ^►rmeil  by  llic  Action  of  phosphoric  oxide  or  pln«rtpli(iruB  trichlo- 
ride on  ethy  lie  fliui«*lhoxalalu  (p.  714),  and  by  that  of  phosphorus  trichlo- 
ridu  on  oxyisobutyriu  acids  : 

It  Is  ajiquid  which  docs  not  snlidity  at  O*^.  By  fiuion  vrtth  potash  it  is 
resolvwi  into  formic  and  propionic  acida. 

Five-oarbon  Aorylie  Acids,  C\n.O,»«CJI,.CO,n.— <.)f 
tbetio  ac'iditt  twu  ouly  aro  Ilduwu,  uaiiiuly,  augtiliu  aud  m«thyl-«rutouia 
acid. 


Angelic  Aoid  pxists  In  the  root  of  the  archangel  (AnyeOca  Atrhan- 
gelu-a),  lUtd  in  sunibul  or  moschus  root,  a  drug  im[K]rterl  from  Aftia  Minor, 
and  probably  nUo  belnni;ing  to  an  unil>e11ifiTfiU8  plant,  it  Is  obtalnod 
from  archnngi*!  riM>t,  by  U>illnt:  the  root  with  lime  and  wntiT,  and  distilling 
th*<  strnitK'il  ntui  einirentrr.tt-d  liqunl  with  dilute  snlphiiriu  arid.  It  in  aUo 
prtwtnctsl  by  healing  the  i-saential  nil  of  chamnmiltj.  which  wmaiHta  of  nn- 
gelio  aldehyde  together  with  a  hydr«vearbou,  with  iiotaasiam  hydroaide: 

AUrt.  together  with  oroo)ii>lin,  T>y  treating  p«?ueeilanin  or  imprratorin  (a 
ni'Utral  iml>fllAnr<<  imntained  in  tho  root  of  lmp*-ratoria  Ostruihium^  and  somo 
other  umlxdliferoua  planta)  with  alcoliolic  iK)ta5b  : 


Peucedauiii. 


KOH 


r.nA'o, 

PdlnsBliiCtt 
angeUte. 


OreoiflUn. 


Ang<'lio  add  cryntnlliaea  in  long  prisms   nnd  needles,  roelta  at  4r»0  C. 

(1130  F.).  boilfl  at  lIM)OC.  (3740  F.).  nnd  distil-*  wilbont  d.-<-omi>fwilion. 

It  has  an  aromatic  taste  and  odor,  dissolves  Bparlngly  In  cold,  abundantly 

in  hot  water,  alno  in  alooliot  and  ether. 

It  unites  with  brmnin^,  forming  a  diliromnraleric  aoid,  CjHgRr,0,.  which 
reconviTteil  by  sMJium-amalgam  into  angplic  aold.     It  Is  not  altere*!  by 
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noArctit  h.ri]mg««n,  bnt  wlii^n  henli^  with  onncontrAted  hj^tiriotHc  ariti  at 
littlo  phoflphoruB,  it  i«  convorUtl  into  normal  raloric  acid.      By  fusion 
poiri»h  it  in  rt*»o\vi*d  Into  acotic  oni'l  propionio  aciiin,  «  ntCM-lo  of  decomi 
tion  wincth  is  csmHititunt  wiih  either  of  the  twu  following  sLructural  k 
ul»  of  ilie  acid  : 


cji^— cn— CH— co,H»  or  cHj-cH^cn— cn,— CO.U.f 


Th< 


iloohot. 


10  nngolntoB  "f  thn  nlkali-mftals  nrc  solnWo  in  water  and  in  iioo 
rVt/riuffl  nnfjrlitte,  <*a(l"jH,*>,),  +  A(|.,  foniw  ahining,  vt^rj  soluble  Lun 
The  Imd-mU,  I'KCyi,**,),.  U  a  wiiilo  prt'cipilalu. 

P()t»i»iuiu  nn^'ulritu  irt-'ated  with  plK«phurua  oxychlorido  yivlda  an 
nxidu.  or  anhvdridn,  <(*^H,0),0,  which  la  a  Ti»dd  uncrystollisabte 
boiling  At  34tP  C.  (404O  F.)- 


Methyl  crotonlc  Add,  ^""1— CH=C<^"^[  ,  fonneil  bjr  the 

nf  phiMphornM  trichloridt*  on  clhylic  meth.Tl-««thyIoXftlftt<.'  (p.  71.S),  ia 
much  like  augolic  ooid.  but  mvMs  at  02°  0.  (HHJN>  !•*.}.  By  fusion 
potash  it  id  n*»olv'4xl  iiitu  ncolic  and  propionic  acid«. 

Identical  with  thia  ia  thn  Ho-call«d  tiglio  acid,  which  is  eontaiued  la 
a  glyooridti,  to;{utUer  with  thocie  of  butyrio,  valeric,  and  other  fiitty  acl 
in  the  oil  of  C*roton  TiijUtun* 


I 


9 

'a 
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is  formed  firomi 
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Blx-carboc  Aoids,  C,H,(,0»=K:jH,.(:0,H.— 1.  Pyroterebic  acid 

ia  formotl  by  dry  liintillation  of  ternlm*.  acid,  C^Hj^O,  (uim  of  the  produ 
of  the  action  of  nitric  add  on  ttirpcntino-oil).     It  is  nn  oily  liquid,  smel 
ing  likv  butyrio  acid,  having  a  »p«cifte  gravity  of  1.01,  and  boiling  at  2 
C.  (410<^  V,).     ^y  fusion  with  jwtash  it  id  resolved  into  acetic  and  iso 
tyrlc  acids. 

2.  Iljffirotorbie  acid  is  fonni'd  by  the  action  nf  sodium-amalgaro  on 
Borbic  acid.  0,11/),.  It  is  a  liquid  having  a  sudorEflti  odor,  a  specific  grav- 
ity of  O.ttCO  at  190  c.  («6.ao  F.),  and  boiling  at  2(»4.60  C.  (400.1O  K.>. 
I)y  fusion  with  potash  it  ih  r'«olvud  into  ac-utio  and  normal  butyric  acids. 
This  And  the  prticoding  acid  arc  therefore  represented  by  tho  fbUowi 
formula)  :— 

CHj— CHy— f^K,— Cllr-CU— 00^ 
Hyilroiorble. 

CU(CH,)  — CH— CH— CO,H 
Fyrot  treble. 

3.  Kth^l-croUnic  acid,  CH,— CH— C<{- JJ'^*^"v 

nthylic  elht-r  of  ditrthoxalio  acid   (p.  71')).  by  the  action  of  phofphc 
trichloridf),  or  by  h*'ating  with  hydrochloric  acid  to  KtOO-lftfO  c.  (2(il 
3020^  F.).     It  {Ty»t,illizi*«  in  Nhining  aquar**  pntima,  haa  an  aromatic  odi 
sublimes  evnu  at  ordinary  temprraturpH,  ami  mHt«  at  41. 50  (.'.  ( lOli.TO 
By  fusion  with  potiwh  it  ia  r«M>lvt»d  into  actMio  and  normal  bntyrio  ai<h 
Its  salts  dooompoae,  eren   during  the   evaporation  of  their  aqueous   10I1 

tiODS. 

Seven-    to    Fifteen-Carbon  Acids. — Pamnluric  acid, 
('^li^O,,  and  Daniol  ic  Jifid  ,  C„lI„Oj,  arc  volatile  acids,  aald  topxiat 
the  uritiL' of  00W8  and  horaea. — Moringic  acid,  C,  JI.j,0,,  ia  an  oily  aci 
obtained,  together  with  palmitic,  stearic,  and  benic  aci<ls,  by  the  aaponi 

•  n— 5,  p"-0.  In  fortnulK  1,  a  (p.  71.%  foofootvl, 
t  D'  X|  ]>~l,  in  llie  lame. 
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cation  of  oil  of  l»cn  (p.  713).<— ^Imloio  acid,  Ci^ll^pj,  U  a  yellow  ctys- 
t&llizablo  acid,  hat'in^  a  roiicid  odor,  extracted  hy  alooliol  and  ctlicr  from 
a  kiiid  of  bug  (iCJutfifugaMter  pHHctipennis), 

Bypogalo  Aold,  ^ifHigO.,  is  contained  aa  a  gljccrldc,  togctlior 
wUU  paliuiiiu  and  ariK'hin,  iu  oil  uf  ira^rth-uut  (Arachit  hypogtrn).  To 
olitAin  it,  the  uixturc  of  iaXly  acida  obtaiued  hy  Ba|)onifyiiig  the  oil  i« 
ditfSolvM  in  aluoliol  ;  the  palaiitic  and  arachidio  acifla  aru  prtv-ipitated  hy 
ammonia  and  magtifjsiuin  acetate  ;  the  filtrate  is  mixed  with  nmiuonla  and 
luad  acrtato  ;  the  (cad  precipltato  is  deootnpoud  hy  hydrocblorio  acid  ;  atid 
tb«  separated  liy|)ogieic  acid  is  dissolved  oat  hy  etber.  It  is  also  pro- 
duced by  oxidation  of  axinio  acid  (C,gllgO^,  an  arid  ohtainod  hy  Hapcmi- 
floation  of  Q^e  or  ozin,  a  fatty  sulwtauce  rontaiutxl  in  the  Mexican  i>lnnt 
Vocatg  Axin. — IIypN>gn;io  acid  orystallisoe  from  other  in  str'llate  groups  of 
needles,  mfUing  at  'A^  or  3QO  c.  (l^XlP-OOO  K.).  easily  soluble  in  alcohol 
and  other.  Ita  pottu*ium  and  godtum  •nlu  are  sdluble  iu  water ;  the  httrium 
tail  is  soluble  in  hot,  insoluldo  in  cold  water  ;  the  eoftper  and  «i7ivt  satt$ 
ar«  obtained  by  precipitation.  Tlie  cihlyic  fi/ier,  C|,H,,<_),.C,1I|,  ii  a  yuUow 
oil,  not  volatile  without  dt'comixwitiou. 

Nitrous  acid  convorls  hyjKiga^ic  acid  into  the  isonirric  or  allotropio  com- 
pound, Oaidic  auid,  rel.at*^!  to  it  in  the  same  umnner  as  olaidic  arid  to 
ol(>ic  acid.  It  forms  a  oolurless  crystalline  mass  which  inelts  at  StP  C. 
(UMI.40  F.). 

Physetoleio  aoidf  a  oryvtallinn  add  obtained  ttvm  apcnn-oiU  U 
iHoin>>ric,  if  not  irlontical,  with  hvpogBio  acid ;  it  melta  at  30O  (j.  (fifjQ  p.), 
and  aolidilicfl  at  ^ibO  C.  (82,40  ¥.). 

Oleic  Acid,  C'-.n^.O,. — Tliia  acid,  th(»  most  important  of  tlie  SPriea, 
is  ohtain<-d  by  Hn[K)uiticaliua  of  olcln,  iliu  fluid  coustituout  of  most  natural 
fats  and  lixfd  oils. 

To  obtain  pure  oleic  acid,  olivn  or  almond  oil  is  saponified  with  potnsh  ; 
the  soap  is  <lecompoRtKl  by  tortario  acid  ;  and  the  separated  fatly  n«-*id, 
after  U-ing  w.-ushetl,  ia  heated  for  some  hourti  in  the  water-bath,  with  half 
its  weight  of  Ica<i  iixidi-  previously  roductid  to  fine  powder.  The  mixture 
Is  tlien  well  shaken  up  with  about  twice  its  bulk  of  ether,  which  ditiHolvefl 
the  uleate  of  lea4l,  and  leav(<s  the  stearate  ;  the  liquid,  after  btanding  fnr 
sometime,  is  decantvd  and  mixeit  with  hydrmJiloric  aci<t  ;  thi'  nliMr  arid 
tiiereby  eliminated  diusolveji  in  the  ether  ;  and  the  ethereal  solution  which 
rist^ts  to  the  snrface  of  the  water  is  deoantod,  mixed  with  water,  and  frwed 
from  ether  by  distillation. 

Large  quuntiti<*8  of  crude  oleic  acirl  are  now  obtained  in  the  manufacture 
of  Btearine  canrllea,  hy  treating  with  dilute  sulphuric  arid  tlie  limr-soap 
n^uUing  from  the  action  of  Umc  upon  tallow.  The  fatty  acids  resulting 
fmm  the  i]ec«Mup>«>itinn  iini  washed  with  hot  water,  and  sotiiiifv  in  a  mass 
on  cooling;  ani!  tliis  mass,  wht?n  subjected  t«  pn*Hnrc,  yields  a  liquid  rich 
ill  I'h'ic  acid,  but  t*till  riMaining  a  considerable  quantity  of  t*tcarlc  acid. 
After  remaining  for  some  time  in  a  crthl  place,  it  deposits  a  quantity  of 
solid  matter,  and  the  liquid  dccantt*d  from  this  is  sent  into  the  market  as 
ofei'c  arid  or  red  oil.     It  may  b"  jturifi<'<l  by  thi*  pr<MN.'SM  just  describiHl. 

(Mi'ic  acid  crystallizes  from  aU^holic  solution  in  dojczHng  whiti-  nn-dles, 
melting  at  140  c.  (AT.^^'F.)  to  a  eolnrless  oil,  which  solidificH  at  4^0.  (3D.'^ 
F.)  toa  hart!,  white,  crystalline  nissfi,  expanding  o(insiderably  at  the  same 
lime.  Specific  gravity '=0.Hli8  at  l!l'~  C.  (\iii.-2P  ¥.).  The  acid  volatiliiW'S 
In  a  vacuum  witliuut  detromjiosilion.  It  is  tusteh'^'S  and  in<idon>us,  and  re- 
acla  neutral  when  unalteri'tl  (not  oxidized),  also  iu  aUx>h<ili(-  solution.  It 
ia  insoluble  in  water,  very  soluble  in  alcohol,  and  dissolves  in  all  proportions 
in  ether.     Cold  strong  sulphurio  acid  dissolves  it  without  deoom position. 
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tt  diMolvefi  s"»i>l  fi»l«.  8learic  acid,  palmitic  acW,  eU.    juid  U  dis»lT«l 
bile.  Wtlh  roiiuiUitm  of  »  wuip  »tui  tttroitg  aci*!  reiu'tlon 

Olfio  acid,  in  Um.»  n-'U'l  slat*-,  oxiilijus.  Imi  slowU-  iu'ihc  *ir-  but  «Imi 
moUwl.  il  rapi-Uy  ulw-rbs  ox.vkou,  ft,-.,„irii.^.   »  rnuvul  imk  juid  «nuU 
ft  (ItHUiloil  nciiil  reftcllou.     Us  <U'cimii>.i^itioti  by  fu»ioa  with  poUflh  luu 
ftlr.'ody  uwulioiKoL      (Vortnr  nwi  hrooiintf,  iu  preat-nc^  of  wau-r    coiivrt 
inUMlichk»ria.'ioftn.l.lil»r.mi.iiolc  acids.      Hn^niiuu.  tuldmi  bv  druM  to  fi 
oU'io  aoid,  fiirma  iriWomoU'ir  iKid,  ^'uH„Iir/>j,  "^  ***^»*  "" 

Strong  ni'irit  ucrW  iitUicks  olrk-  ucid  with  vial»^i)co,  giving  off  red  nil 
va|Htr;t,  Aiid    prfxiULiiic  volulilc  acidis   ut  lhe>   st?rie»    I'  ||     (»      rix 
j>n»ijiuiiiL\  bulvriu.  val.Tio,  vapruio,  tpnaiiihylic,  caprylif'*'|v!''         ' 
rutio  aoiibi ;  aUo  lUod  jwida  of  tht*  Bt-rU-a  t\II^— jO^.  vi«./».„  | 
iMltpii;,  lipic,  and  ozt'laio  acids,  tlio  nuiubHr   and   pruportion   ,■:     i 
duuts  varying  with  Ihy  duration  of  llm  action. 

Ai/roiM  uci*/  ftiDvurtu  oleic  (U^id  into  a  solid  isomerio  or  aJlotropIc 
Mtion,  callfMl  olaidic  acid.  ^ 

Olcaios.  —  The  funnula  of  Uio  nctitral  oleat«s  U  M'C  H  O 
M"((-"„IImO,),.  w:cording  to  tht*  nnantivnlenct'  of  ihv  im-lHl  ?*thSre 
HkcwiHi-  aciii  ol«-ntcs.  Tim  jmutrai  olculci*  of  thv  alknli-nn-mU  aru  w»!l 
iu  uattT,  and  not  bo  ctraipk-tily  pretipitattHl  {tutu  th^ir  M.In lions  l)V 
addition  of  anotlu'r  JwUiUw  salt,  aM  tbtf  st^'aralea  luid  pahultst.-i».  Tb« 
oU'Htca  are  li^iuid  and  iusolublo  iii  water.  The  oU<atitt  diesolre  in 
al»rt(ilut«  alothol  and  in  cIIkt,  a  prnpt-rly  hx  which  ilmy  may  be  di 
guiithwl  and  rtcp.iraltHl  from  tlio  stearfttL-s  and  palmitati-s. 

Oloiua. — (»k'io  add  forma  tliri'w  plywridca,  viz.,  moiioVin  ff% 
(OI!),(Ou,H,,(),);  aii.l-in  (f,IU(OU)(C„II,,0,)ii  a"d  triolriji  «' 
(C„H„0^)3,  which  aro  proihui'd  by  hi-atnig  oh-u- acid  and  glvn-rin  t..gr' 
lu  »t*ii\%Hi    tul*tw,  in  various    prnjtortioiia.     Tliu  Ur»t  two  sidiaify- at  al 

The  oU'in  of  animal  fiUs,  of  nlive  oil,  and  of  aevt-ral   otlier   oils,  , 
anitDal  and  vcKotahhs  whioli  do  not  dry  np  in  lh«  air  by  Hh>w  oxidali,_, 
but  aro  convcrtwl  into  riecid  maafiiti  liaving  a  ranoid  cnJor  and  a<^iil  rt-aeli^ 
(nnn-<lrying  oils),  appt'ors  to  be  idwitical  wiih  trioh-in,  but  thert'  is  gN«a4 
difficulty  in  nhtaininff  it  pure.     Olivo  oil,  cooled  to  40  C.  (3!»'-' F.)  oi^H 
Inw.T  tcnip»*raturr,d.'pa»it-*  a  large  quantity  of  solid  ftl,  consialing  itiuil^H 
at  palmitin  (ori^'inally  called  tnar^arin,  from  ita  i>carly  luptrr),  and  iB^ 
oil  filtrrril  therefrom  ctnixists  mainly  of  oluiu.     A  purer  olvin  is  obtained 
by  Ireatinp  olive  oil  with   a  cold  blrong  solution  of  cauBlic  a<xla,  whi< 
»apt»ni(iea  ihc  solid  fat«,  and  leaves  the  olein  unalttred.     Ulcin.  «ubjet!| 
to  dry  iliHtillation,  yields  gaseous  pnxlucta,  liquid  hydrocarbouu,  acrob 
and  8«bJo  acid. 

Apprmfir  tn  fUrk  Ar'ui. — Rom<»  non-drying  oiU  contain  the  g1yc*?ridM 
ftcidn  homologous  with  oU-ie  acitl  ;  stidi   is   the  ca***?,  an  already  olwervi 
with  croton  oil,  earth-nut  oil.  and  «perm  oil.     iKvpling  iraiiMul,  uhtaii 
ttMVa  thedoegUng  or  b(>tth*-no«ed  whnle  {fSnittna  rfwfraM),  yidds  du«glj 
aoid.  C„Ha,<>,.     CoUaoil,  obtained  from  the  awiils  of  certain  BiH^cifs  <_ 
BnuiKira,  i^pociatly  the  suuiiut-r  rajM?  or   L'^dEa,  timiuicu  camjK*tri$,  var. 
o/W/'iTM,  yields  hrasalo  acid,  CjjH^O, ;  and  tho  oil  "f  Mack  uumtard- 
ace<l  yieldn  a  sintilar  and  itroLably  identical  acid,  called  i»rucid  acid 

Prying  oiU,  auch   an  linHet^l,  p<ipi>y,  hemp,  an<l   nut  oIIm,  contain 
glycerides  of  linoleic  acid,  C'„l!jgOj.  which  may  be  prepareii  by  sap 
fying  liuit<-45d  oil  Hith    pol,&ah,  preeipitating  the   aqneouii   mdution   of 
resulting  potasvtum  s;ilt  with  cab-ium  eldoridc,  dissolving  out  the  c«loii 
linolcat*)  with  ether,  and  dc<H>nipoKing  it  with  hydrochloric  acid.     Linoh 
acid   is  a  yellowiuU  oU  of  upcoUlc  gravity  U.921,  uut  altered  bjr  nilr 
a£id. 
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Cutor  oil,  which  is  a  nonKlrying  oil,  oontftins  the  glyc4*ri<le  nf  r  i  cino* 
leio  acid,  ^.j^H^O^,  whiuh,  wh(*ii  separMud,  forms  a  colorh.'SH  nil,  solidi- 
fying AtO<^,  and  couvltumI  hy  aiUouji  aoid  into  a  solid  niudificatiun,  rtcln- 
eUSdic  aeid,  which  melu  at  600  C.  (122P  K.)-  ily  dry  diHtilUtion  U 
Is  reaolred  into  wuanthyliu  auid  ftnd  wnaiithol,  and  wlum  hnatud  with 
oxoeM  of  caustic  potash  or  soda,  it  yields  stfcondory  txiyl  aloohi'l,  lujjfthvr 
with  Mbic  acid  and  free  hydrogen  (p.  592>. 


Monatomlo  Aoida,  C,H,„^0,. — ^The  known  acids  of  this  seritis 
are: 


Tetrolic  acid,        t\  n^  O^ 
Sorbiu  acid,  C,  II,  O, 

Palmitolio  acid,  C,|H^Ug 


Stearolio  add,     €„!{,/:*, 
liehunolic  acid,  C^il^O,. 


They  are  formed  from  Iho  acids  of  the  preondiug  series  by  abstraction 
of  2  atuuis  of  hydrogen,  which  i»  clfiutt^'d  by  the  action  of  alciihuliu  |K>taiih 
on  the  uhlorint*  or  bromine  coinpoumlH  or  derivatives  of  tborto  acid.s  ;  e.y., 


Broaiocmtoiilo 
add. 

CJi.lirO,     + 
Bromide  of  crt>- 
tonic  aolil. 


KOII     =     KUr     -I-     11,0     -I-     Cjli.O, 

Tetrolio 
acta. 


2K0n     =     2KBr     -|-     211^     + 


CJ!,0, 

Trtruho 
acta. 


They  Dontain  4  atoms  of  hydrogen  Inns  than  tht)  corresponding  fatty 
acidti,  and  arn  therefore  unsaturated  ompimncbt  of  the  second  order, 
capable  of  uniting  with  2  or  with  4  atnmri  of  a  halogen-vleineut. 

Tetrolic  Aold,  C|HtO,,  produced  as  aboro   from  monoehlorocrotonio 

acid,  crysta11ii(f8  in  dt>lirjti»^oent  rhombic  plates,  easily  soluble  in  alcohol 
and  ether.  It  melU  at  7(J.5tJ  C.  (ItJdJO  K.),  and  Ijoila  at  2HX3P  C. 
(307.4O  F.). 

Borbio  Aold,  C,H,0,,  occurs  in  the  unripe  b«rriea  of  the  mountain 
ash  {.SorftiM  aucuftarifi),  from  which  it  may  be  obtained  by  mixing  the  juica 
with  milk  of  lime  and  diHtllling.  It  then  passes  over  as  an  oily  liquid, 
which  solidifies  when  boiled  with  strung  hydrochloric  acid,  or  when  wurmiHl 
with  potash. 

Sorbic  add  orystallizt^f  in  long  npinlles,  melta  at  134.00  c.  (274.10  F.), 
deiHMUpiWHS  when  cliittilleil  alone,  but  in  easily  voJatilieod  with  vapor  of 
water.  It  is  nearly  lusoliilile  in  cold  water,  but  disHulves  with  moderate 
facility  in  hot  wat»*r  and  in  aktuhol.  IVtucrM  hytlrvgen  cuuverts  it  into 
liydrosorbio  acid,  0^1,^0,.  With  brouum  it  forms  th«  coinpcmnds 
CVH,Br,Oj  and  CgHgBr.O,,  melting  respectively  at  950  C.  (203°  F.)  and 
lB3^a  (a«I.40F.). 

The  metallic  s(krl)ates  are  cryBtaltiKnhlc.  The  amiiumiutH  salt  crystallises' 
in  long  needh^ ;  the  Utrium  tail,  (('jiI,(»j)jBa,  ami  the  caicitim  »ttit, 
(CjH^OjjjCa,  form  ailvftry  Bcale**.  The  Milvrr  Milt,  CflHiOjAg,  U  a  crystal- 
line precipitate.  The  ethgtic  eihrr,  C|H,0,.C,H3,  is  an  aromatic  liquid,  boil- 
ing at  19^.50  (■.  caH3.1l  F.>. 

PalmitoUc  Aold,  C,kH^O„  prepared  from  the  dibnmiidt)  of  hypogaiio 
acid,  or  of  it^  iHotucride,  gaidic  acid,  crystullisim  in  shining  neeflles  which 
m4iU  at  4JP  C.  C107.6->  F.).     It  uittU«  with  2  and  4  aUmui  of  bromine,  but 


^m^  not  a1 


not  altered  by  naatM^nt  hydrogen, 
til 
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Stearollo  Add,  prepared  in  like  manner  from  the  dihromlde  of 
orrtaiiiic  acid,  cryE^tnlHzeft  iu  long  prisms,  which  mt'Uat4H'  C*.  (118.4^ 
and  distil  ainuwt  without  deconiputittion.  It  is  iuBoluble  iuwatur,  liuidit 
solves  rendilv  in  .iK'ohol  und  tithi>r.  U  uiiiti^  with  2  and  4  ntums  of  frro- 
mhr,  hut  IB  not  allopnl  hy  nascnt  liydrogon.  By  carefully  regulated 
fuAion  with  ftoiu»h,  it  ib  resolved  iuto  acetic  aud  hypogvic  acidii ;  at  lii, 
ttiinperaturua  luyristio  acid  in  produced. 


fth|^ 


,0„  from  dibromide  of  emcio  or  brawic  sefd 

(p.  7iil),  formu  shining  noodles,  melting  at  75°  C.  (IttT^  ?.)• 

Thu  liuit  thre«  ac-idtt,  huated  with  fuming  nitric  acid,  are  cosverled  into 
uionobaaio  acids  of  the  furm  C^H^_^0^,  via. : — 


FalmUoxylic. 


StcAroxyllo. 


BeheDoxyllo. 

melting  at  67°  C.  (152.00  F.)t   8«°  C.  (186.80  F.),  90C  C.  (1940  F 
These  acids  crystallixe  in  fiUtiiiog  plates  or  eoales. 


CABtlUKKTO:<IC    ACtOS. 


These  acids  are  derived  from  ethyl  acetate  and  othi-r  oorapoaud  ethers 
of  the  fatty  HeriuD.  Wht»n  Hudiuiu  \a  heattnl  with  ^thyl  a4:i<tatv,  it  dis* 
solves,  with  littlo  or  no  evolution  of  hydrogen,  and  the  wholt-  suliditlus  on 
cooling  toa  crystalline  uiosfl  uf  sodium  ethylato  and  othylio  aoctoaodaoe- 
tate,  CfHyNaO,.     Thu  ruautiun  is  either 

2(C,HjO.OC,Hj)     -I-     2Na     =     C,n,NaO,     -f-     NaOC^Hj     +     H,  ^ 


or 


3(C,H,0.0C,nj)    +     4Na 


C.H^aO,     4-     3NaOC,Hj 


Tlie  quantity  of  hydrogen  evolved  in  this  reaction  varies  considerably 
actironling  to  the  temperature  and  pn^suru  under  which  it  takes  plaw,  and 
thu  proporLidiiH  of  th"  matHrials  iistHi ;  sometimes  no  gas  i.**  evolve-l^  show- 
ing that  the  reaction  takus  placet  according  to  the  second  equation,  and 
under  no  cireunistanccti  yet  observed  is  the  quantity  of  hydrogen  given 
off  Hxnctly  equivalent  to  the  Bodinm  diHsolvnd,  as  it  should  )m  if  thu  reac- 
tion to4ik  place  entirely  according  to  the  fir»l  equation.  It  is  most  prob- 
able, therefore,  th.it  the  two  reni^tioiis  generally  take  jilaoe  together. 

Kthylin    ar.etosod ace tate   (Wanklyn'H  MxitHm-lriacefifl)  cryKtatliseM 
in  shining  scales.     When  treated  with  acetic  acid,  it  is  oouverte<l  into  the 

compound  CeHjoOj,  or  CO<[]^jj»^^j_q^  p  ,  which 
*^'*Cch!— CO— OU 


is  the  etliylic  ether 
of  aceto-acetio  acid,  CQ^'^ii'  ^q  r.^,  ,  derived  from  acetic  add, 
CO^Ajj*  ,  by  substitution  of  acetyl,  CH,.CO,  for  one  of  the  hydrogen- 


atoms  in  the  methyl  group.     This  acid  is  not  known  in  the  free  state 
wliea  separated  from  its  ether  by  boiling  with  alkalies  or  acids,  it  ia 
solved    into    acetone    and    carbon    dioxide. 


C0<^"» 


H,— COOH 


CO(CH,),    +     CO, 


I 


The  ethylio  ether,  CgHjoO,  (also  called  ethyl-diaoetio  acid),  Is  a 
liquid  having  an  odor  of  gtrawberriwi,  a  si>eeilic  gravity  of  1.03,  and  boil- 
ing at  180.8C)  C.  (357.SO  p.).     By  the  action  of  sodium  or  of  sodium  ethyl- 


00 


Tlw  fttamimm   mlt   ia  obtftlnnl    tii   *  •tiiiiUr   i 

(Cy(/]^),BA^  ohUiiiMi   I17  <tiafti>lvlii|{   Dili  ftlliMi  > 

•omU*  In  vaUr.     From  iu  BoUitii>i)  lhi>  ri)rfi««i><Mt  dk^  ..rt)i> 

BMlalt  mAj  be  uhtoiuiHl  by  tloublt*  (liHNini^HmlllMH, 

by  tli«  &cti<m  uf  Moilitim  on  mWli^I   fi.«i-i..    .1..     i>    -   ..,i...i  ... ..( 

sinrlling  liqiiiil,  whirh  UiiU  at  17<'' '  (' 

of  1.037at  DOC.  (48.3:>K.).     It  liu  .. 

ingl/ in  wjtWr,  Trm,'!/ In  aIiniImiI  mnl  Mtln-r  ,   |iiiMi< 

with  ft'rrio  ohloriiln ;  U  riwulvnd  hy  Ix-tlldi/  Miti,  1 

alkaliiw,  into  aootono,  cnrUni  di*" 

(:^II,()j.\a,  crjiUlUjMi  In  «hlnli< 

id  obiAinvd  by  dlaiuilvfnK  tln^  hIIh  r    >>  *       hm  »■, 

tuixvd  with   ciiprio   acvtal'i    rUI'l-    IJ>  '    (<  ,lff''f/. 

green  crysUUt  aligbU/  jiolaU«  iu  wio^j. 


By  tri*«ljiig  tli«  lodiam  dtfUMtwm^  IImM«  *iwt>  iA4tii  f*^ft#fi  cMf  ilfV 
iodides  uf  aUvhoLradUjlfli,  A«iv  Mii^o  •#•  vUmt'  '  -'  IMM^WM^ 

of  the  origlnAJ  anupuaad  !■  rn|ili— 4  hf  mt  oUw'' 


BtbyUe 


+   CH,I  »  lUI  4-  ^> 


<fiiyt»«<#> 


In  thfsn  lut  otb«r«  sa  »Mmm  «f  I»f4n|^  mm  alftK  4»  14 
dium,  by  thi.*  tuAhn  of  noUlIk  •MllMii  w  ¥t  ^iMmm  »*4^/^i 
oompnunds  like 

these  again  the  sodium  may  b«  r^piMnmA  b/  ''-■'"f  ra^itrfULr   /.  I'if..      <^ 
exampit.% 

Etliylic  Muthylethyl-aoat^-AoaUlfl,  Cd" 


Jii^*^)rM 


Lastly,  thesA  mono-  and  di-sulMtlluUd 
aIooa,  or  bettor,  with  sodium  ftth*  '"  -      ' 
CgH^NjiOj,  are  rtwdv^wl  into  tjie 
merixation.yieldn  didiydracetioft'  '    .  '  ,'  , 
that  is  to  say,  ethnra  of  iho  higher  fatty 


'  tit  'W.> 


%•»$' 


*^'^<rH(CH,)— CO,C,Uj  »  CHU-CI^ 


£thylic  MctbylBceto  acetate, 

EthyHc  IHinPthyl- 
aceCO-BOutate. 


Of  PWtf*!*  "> 


^TKt^ 


DIATOMIC   AOIPS. 

This  reaction  explains  the  direct  production  of  the  ethers  of  the  higher 
fatty  acidft  by  the  simultanecma  aotion  of  aodium  and  aleoholic-radicles 
aoottc  elhor  (p.  68li). 

Tliesulxititutc'd  otIierj>  of  aoeto-aoctic  aiiid,  heated  with  acjueunR  alkali 
are  liecomiiontHl  iu  thu  saiue  manuer  as  ethylic  accto-aoetate  (p.  1'2^),  yiel 
lug  Tarioua  kutouL«  ;  c.  y.^ 


CO 


lUetta>l-Aeet 
-Oil, 


Diet)i>l-ncvioi 

The  following  table  oxhibiti)  thu  Ijuiling  points  and  Hp«M^flc  gravities 
llieflu  subalilut^I  acutacolic  utiiers,  and  ihvir  rtiavUous  wilh  ferric  uhloridfll 


^*^<CH(CU,)— CO,CH, 
^^<CH(C,Hj)— COjCH, 


BoillDf  Point. 


(    1770  C. 

(  (350.GO  F.) 
j      IKIK?  C. 
\   (3740  F.) 
«      18(PC. 
I  (3tJ«.83  F.) 
(      184GC. 
I  (383.33  F.) 
I      1950  c. 
I    (3830F.) 
I  aKU2120C. 
l(4H)-4130F.) 


Spec.  Orarlty. 


1.020  at  90  c. 
(.4S.20  y,) 

0.!>i>5  at  140  C. 
(57.20  F.) 


0.091  atl60C. 
(00.80  F.) 

0.083  at  ItJOC. 

(60,80  K.) 
0.074  al  0^  C. 


Isopropylated    nrntnrotio    othttrs    arc  obtained  by  treating  the 
autitacetiu  vtUerfl  with  uodium  and  looprupyl  iodido. 


Diatomiq  Acids. 


1 11  h  ■  at  A>^^B 


These  aoida  contain  two  hydroxyl  groiipw.  and  are  raonobaalc  or  bibaaie,' 
according  as  one  or  both  of  tliese  hydroxyla  belongs  to  a  carboayl  group, 
COOH ;  1. 1},^ 

CHjOH  COOH 


(•<K>H 
Qlycullln  ncM. 


COOH 

OxMlle  mUL 

a-lNule. 


J 


Somo  of  them  am  formed  by  oxidation  (exchange  of  H,  for  O),  from  dia- 
tomic alcohols   (glycols),  uoiitaining  the  same  numbfvr  of  onrlion-iitoiiiSa 
those  glycols  wliiuliCoutHin  tbi?  gruiipl'll^OH  twicw,  yiolding  in  tins  innnnt 
two  diatumic  ai^idfi,  one  mono-   and   thu  ulhcr  bibaaio,  while  those  whic 
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tafn  this  group  onljr  onoe,  yield  only  one  acid,  which  is  monobasic ; 

Ufi  ■.■^ 


CH. 


CHOH 

CH,0!I 

«-Propen«  glycol. 

CHjOH 


yields 


CH,OH 
^Prof>cne  glyooL 


yields 


rH,OH 
COOH 

£-LiAOUfl  Mid. 


CHOH 

COOH 
«-LMtle  Mid. 


and 


COOH 

COOH 
Ualonle  Mid* 


1.  voiroiiAaio  acids. 

CbH«bO„  or  CDH,,<]f.(^^|^  . 

7*hnfle  acids  ar« called  tactic  acids,  after  the  most  Important  member 
of  the  Burios,  aud  oxy-fatly  aolda,  because  they  may  be  derived 
from  the  acids  C^H^O,  by  aabstitutioa  of  OH  for  H  ;  thus  :— 

CHa.COH  CH,OH— CO.H 

Ac«tlc  Mid.  OxfAcetlo  nofd. 

They  contain  two  hydroxyl  groapa,  one  alcoholic  (conuot't«d  with  the 
radicle  C^H,^),  and  having  its  hydrogen  replooe&bln  bymonatomic  alcohol- 
radicles,  acid  radicles,  and  alkali-mHtals ;  tho  other,  basic  (connected 
with  CO),  and  having  its  hydrogen  replaceable  by  metals  in  genf*ral  Ui 
form  salts.  Kach  nf  them  can,  therefom,  fonn  thrt^  ethers,  containing 
monatoiaic  alcohol-ratlictps,  but  only  one  seriBS  of  metallic  salta,  except 
witli  the  alkali-uititals,  with  each  of  wliich  thoy  can  form  two  salts.  Of 
the  etlRTB,  onn  is  acid  and  the  otiier  two  are  neutral ;  thus  from  gtyooUie 
a«id,  CUjOH.C(X)U,  are  formed  :— 


CH3OCH, 

COOH 

Methyl-BlycotUo 

aald. 


CHjOH 

roocH, 

MoDompthylls 

glycollate. 


CH^CH, 

COOCH, 

Dlmothjrlte 
glyeoUate. 


The  known  members  of  th«  serina  are  the  following : — 
Carbonic  add  .         •         , 


OlyooUio  or  Oxyaoetio  sold 
Laotle  or  Oxypropionic  add 


Oxybutyritf  acid 

Oxyralerio  acid 

Oxycaproic  acid 
id  others  containing  7,  9, 


CIIA 
C,H,0, 
C,H,0, 
C^H,©, 
C|H«0, 


and  12  atoms  of  carbon. 

«1» 


co<2« 

^"i<vC0,H 
C|U4<CcO,H 


PrATOMIC    AND    MOXABXSIC    ACIVS. 


All  ik«w  Mida  of  tlw  Mri«  vhMi  mbUis 
bnn  ^nlt  erf  Uomcrto  nodUkttliaaft.    Of 
itrnaliiM  to  tb«  prlnMyor  ■■uwIm 
te»4ciib,  ■ooording  to  ilw  itractsn  oT  tW 
tiMML.    OOutn  »n  ■nahywM  bi  rtrttere  to  the  latiMy 
torsMd  flnicn  ouOie  add  or  hs  Mhen  hf  ft  mcm  cf 

Thtf/  vc  All  imawdilii,  u  ftlfwdj  ofaMrT«d,accpC  cavtoBie  weii,  whkh 

»ib  MlMMk,  lu  two  h/dfosyt  groofB  Mag  taMlftri/  wlrtaa  to  thm  gr^p 
Co.     ThU  OiiM  wUI  btf  eoiwidttnd  1^  ItadL 
Tlir   tvtfimti  »im1  i«o4ae(>c  oddb  are  iormed  ti^  the  Mknrii^f  fonenl 

1,  By  HUnr  uKhlitllnti  of  thn  gljcob  la  eoataet  aith  pUtiaam  Uack,  ar 
If^  Uu*  Miiiuii  nf  iltluUi  iiUric  ftciU  ;  r.5.. 


A'f'roitflnn  tflxoot. 
•-Proppnvgljrool. 


H/) 


H/3 


A^^MttoatM. 


2.  By  thn  iKilinii  4)f  luoini  nilvpr  oxide  nti  the  wttonodilocinatad  or 
bruuiinaUHl  d(*rivtttivcH  uf  tint  fatty  noida  <p.  689);  c.^** 

-I-     Agim     s     AkCI     -h     CH,OR— OOlH 
OlTMkUia  acid. 


CUlurMotla  Mid. 


3.   Pffim  tho  ptyreillln  (ihlorhydrinji  (p.  599),  by  oonrertinij:  IhMn  ioto 
vy^nidva  hy  ilv  nrtiun  of  jMaitBlutD  cyanide,  and  boiling  the  rasail' 
lea  with  alkalliM  or  aolda  : 


+     CN4    —     KCl 


4.     2H/)    «     NH| 


Oyanhydrtn. 
A-Iuotto  Mid. 


Ohlorbydrin. 

Cynnhydiin. 

i.  Ry  brAtine  nn  aW«-bvdi>  nr  a  kntono  with  hydrocyanic  and  h/dro- 
<4ltM^k'«cH,  whiTt^by  a  cynnhydrin  i»  produced,  and  treatiog  this  com- 
^ufcud  with  artiU  or  alkalU^s  ut  abore  : 

CH,-CHO    +     CNH     =    CH,-Cn<2N 

tAlilehjrde. 
r«._rH<;^J}     +     2H,0    =     NU,    +     <^Ur-<-H<^x"H 
«.IjMtlC  Mid. 


V  *fe»  w'toa  of  nUroui  add  on  the  amidated  dfriTalives  of  the  fatty: 


H,0 


'Ww  «w4«»9  l»M»*  wafc  ara  r«pr«t«ited  by  the  general  formul* ; 
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Thoy  are  obtained  in  the  form  nf  vthtm  bj  tbe  nction  of  tbe  lino-oomponnd 
of  an  alcohol •rotlit'lc,  (^'«il^-|-|,  on  a  neutral  etht-r  of  uxalio  acid  containing 
a  radicle  of  tlu*  Haiuv  svriL'a,  aucb  au  dit;lUyliu  ox:ilatu  The  reacliuu  con- 
■ifiU  in  tbe  replac4fiu«iit  of  an  hU*ui  of  oxygvn  iu  tbe  uxaliu  ether  hj  two 
equivalfntH  of  alruihol-radi<  to,  and  tbe  fiiiuultaneoutt  rrplacvmcnt  of  an 
equivalfnt  of  otbj'l,  methyl,  do.,  in  the  oxaiiL'  etbKr  by  an  equivalent*  of 
sine,  whereby  an  elber  uf  zinu-iliethoxaUe  acid,  etc.,  is  pruttuceti,  which 
by  oertAin  obTious  troub forma ttouu  may  Ije  cuuTertud  into  the  ruquired 
aoid ;  tbua : 


0=:C— OCH, 

I  -f     2Zn'G,H, 

0~C— <  K  :IJ, 
Dlmeihyllo 
oxalate. 


(C,Hj),C— OZn' 

ore— OCH, 
Methyl  iloeo- 
<tl«tboxalate. 


+     HOH 


Zn'OCII,     + 


Zn'OH     4- 


(C,H»),C-OZn' 

MelhvDc 
ilnco-tlletfiuxnlate. 

0~  f— OCH| 

Melbyllc 
dlolhoxalate. 


The  methylic  dietlioxalati*  in  eofllly  decomposed  by  baryta.- water,  yielding 
methyl  aldditil  and  barium  diuthuxalal*} ; 


CO. 


+     Ba'OH     >x     (CU,)OH     + 


(C,II»),C-OH 
CO.BA' 


and  this  Bait  dooomposed  by  aulphurlc  acid  yields  diethoxalio  acid, 
p'jj'^C^^.  .  ij  ,  iuomrriu  with  leuuic  acid. 

In  tbe  Rnit  stage  of  the  prooeu,  it  it  found  better  to  use  a  mixture  of 
ethyl  itxlide  with  metallie  zine.  which  produce*)  zluc  ethide,  instead  of  the 
latter  utmijHuind  previously  prepurwl.  The  other  tertiary  lactic  acJda  are 
prepared  lu  a  siuiilor  manner. 

Retictinnt. — 1.  All  the  adds  of  the  serim,  C^H^Oj,  aro  reduced  by  hydri- 
odic  acid  to  the  ourre«ponding  monatomio  ocidi,  CgHi^O,,  «.  g.^  iaotic  to  pro> 
pioniu  odd : 


C,n,0,    4-    2UI 


H,o  +   I,  +   c,n,o,. 


By  the  ftrtion  of  jthoitjthorus  ftr.nfncMnride^  both  their  hydroxy!  gronpa  ar« 
repla*****!  l>y  chlorine  ;  tliUM  jiflyooUio  acid  yields  glywillyl  ehlnride,  or  chlor- 
acetyl  chloride,  CHjCl.CO.Cl : 

m 


Oi]-calNa  Mid. 


2PC1. 


2P0C1,    +     2HC1     +     CH,<[!!j 


lyl 
orlde. 


Olycullyl 
ehl. 


The  chlorine  In  tbe  group  COCl  of  the  reffultin^  obloridw  in  eoHily  attacked 
by  wal«r  and  nlcohols,  forming  iw.lds  or  Hhers  ;  ch!f>ra*'etyl  chloride,  for 
exanipU',  yirlding  ehloraoi'tic  acid,  CHjn.CO.OH,  or  it»  ethera. 

2.  The  I'thcrs  of  the  tertiary  lartic  artdji.  when  treated  witli  ITlj  or 
P,Oj,  ore  oonverted  (by  abstraction  of  H,0)  into  other*  of  the  acrylic  stories 

■  To  flftn)ill(f  tbe  equatloni,  the  r^ipoieni  of  itoo  (Zn'»3S.6)  1»  uied  tnifead  of 
the  Atom  \66). 
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(p.  714),  e*jf.t  ethylio  dimethoxalate,  (CH|)^COU— CO|C,H^  into 
muthjrlooTjlate, 

3.  Tho  iftol&otio  iLcidft,  when  deprived  of  the  elemeDU  of  water  hy 
action  of  hoat  or  othtirwiso,  aro  converted  into  aiih,vdrideft,  which 
hti  of  tlin'O  kiuda.  U  thu  eleiiittnta  of  1  mul.  U,0,  are  r«iuoved  pi 
fmni  tmv  and  partly  fn>m  auothor  tnojecalf  of  thn  acid,  and  the  two 
(Itiiii  unites  I't*'  rcNult  in  an  niihvdridu  uf  thu  firat  order,  dilTt^riiig  in 
aUtutlon  and  prop«<rtiM:d  according  as  thti  two  hydrogen- atouia  are  tak< 
fK-mv  tilt'  oarU)x,vl-Krouptf,  or  from  lht<  alcoholic  hydntxrU  ;  in  the  foi 
ciM<»,  Ihi*  pr^vluct  19  an  acid  anhydride;  in  tht!  latter,  an  alooj 
«ab/4ridO|  or  anhydro-acid;  thna: 


on 


11  tv^*" 


—        H,0        = 


—        U,0         = 


QlycolUo  anhyilrido. 
H 


U 

DtgUoolLle  acid. 


|(,  VA  tha  other  hand,  one  molecale  of  water  l&  removed  from  on« 

s4    thu  aoid,  the  remainder  oouititat«a  an  anhydride  of   (i 
^9U4   order:  e.g.: 


CH,.OU 

CO.OII 
Ulycolilo  acid. 


^ 


aiycolUde. 

tlytOlUo    Acid.  C,H,0,«cn,<^^g.— This  acid  ia  pw)du< 

*  ,  .     '  rouotionit,  some  of  which  have  Ijeen  already  mentioned,  via. 

i-f  i;ly«>l  by  contact  with  platinum  blnck  or  by  treatuimt 
iM  triu  acid  ;  the  dtKHJUipo&ition  of  aiuidacetie  acid  (glyeotnnti), 

.  I .  the  action  of  water  or  alkalies  on  bromact<tic  and  chlm 

vt.  '      '  thtflr  iialtfl  (p.  690),  e.  ff.,  by  boiling  silver  bromacetate  wil 

"**  l\ll,nrAKO,    4-     H,0    =    AgBr    +     C,H,0,. 

U  ta  «Uki  ^^uluood  !  «.  By  the  action  of  alkalies  on  glyoxal  and  glyoxy- 


t,II.O, 


+ 


H,0 


Olyeollfo  acid. 


Jt',li,t>,     4-     H.0    =     (\H0.     +     C.H.O, 
%iticC.  ftcid.  noUl. 

A   *l\u.>i\ua  ttUh  iihoxal,  glyoxylic  acid,  and  other  prodncta,  bjthe  »0^ 
y  .  .^iH*ut  hydrogen  (evolved  by  lino  and  sulpharic 

4«lUi  U^«M4  VA^Uv  uc^4  . 


iw* 


m. 


H.O 
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niveoUit!  acid  diffen  eomewliat  in  its  propurtius,  acconling  to  thi*  tuau- 
i)f>r  iu  wbicli  it  ia  pritpamd,  Ixiing  Komotiuu*s  tiyrupv  &ud  uucrvHt&lliuiblc, 
flomotimes  sopnrating  from  ita  solution  in  other  in  largt*  regalnr  orjmtAlft. 
It  hfts  ft  Terr  stuir  tAJttn,  dinsolves  (.'attily  in  WAtvr,  al«x>liol,  and  c thi*r  ;  nttdta 
at  TSC*  or  7f>c>  C.  (I72.4O-174.20  K.):  begins  l«  boil  at  HHO;  decnnii)08«« 
wbeu  hualtni  tu  abovu  1&(I0  C.  (302^  F,).  All  thv  glyculUttm  arv  more  or 
losH  ftolublo  and  crvntallisablr. 

The  cnttium  «a//,' (C,H^(\),Ca+2Il;,0.  la  slightly  soluble  in  cold  waWr, 
and  crytitalliztfS  iu  uvodb%.  Thu  jnVrrr  mit,  ^^s^s^S^K't' ^^]'^  <■  ■'"<> 
Hpartngly  Holubln.  The  fthtfUr  rthrr^  CjHjO,.rjHj,  i«  a  liquid  uaviug a  8p»»- 
ciflo  gravity  of  1.03.  and  bo'iling  at  15(lO  C.  (3C»20F.). 

Acuianfi  Alcoholic  DfrlratiprA  nf  (H^aMic  /IciV/.^The  alcoholic  hydrogen 
of  glyoollic  acid  may  be  roplarud  t>itht*r  by  acid  or  by  alcoholic  radicTea. 
Tlie  iicid  derivatirtui  aru  formed :  «.  Uy  huatiug  glycolUu  acid  with  mon- 
alomiu  addii : 


CH,OU.COjH 

aijeollio  acid. 


C,H,O.OH     ^ 
Aoetto  «otd. 


11,0  +   cn.<[?f;j||' 


AoetofTlvoollle 
aoitl. 


P.  By  tliM  action  of  Ibu  alkali-aalta  of  monatomio  aoidj  on  monoohlor- 

Acotiu  aoid : 


cn,CT— co,n   +     c,n50.0K 


Kci    +   en 


GltlorMatlo 
a«ld. 


PolMilum 

tMBioata. 


Beazoglycultlo 
Add. 


The  aloobnlic  deriratires  aro  formed  by  the  action  of  aodium  alcohulatm 
on  obluraoutic  acid : 


CHjCl— CO^Na 
Cliloracct&te. 


+ 


CjHjONa     -c 

EtbyUto. 


NaCI    +    CH,<{J; 


CAh 


CO,Na 
EthylflyeolUte. 


MefhvUgttfrollic  and,  CH.OCH,.CO,H.  boila  at  1980  C.  (3K4.40  P.)  ;  etkifU 
ffl^fMiii  nrk,  CH,OCVl5.C0,II,  at  20GO  C.  (402.8^  K.).  Both  are  peroia. 
uent  in  thu  air,  and  ar«  not  decomposed  by  tioiling  with  alkalies. 

Auhtfiirifirn.  —  DiglycolUo     acid,    C^H^Oj  =  2CjU,0,—  H,0  s 
fir       COfMT 
Q*^...'     I  iH>H  ^  *'"'"^  called  Ihrumatie  (tcid. — ^This  at'id,    isomtTio   with 

malic  .leid,  nnd  rt'!atcd  to  glyonllio  acid  in  the  Kume  manner  as  diothimio 
ak'nbul  to  glyo'l,  is  pn^nw«i  by  the  dehydration  of  glyoollic  acid,  and  liy 
tia' nxiilntion  of  diutheiiic  or  triethenio  alcohol.  It  Is  also  formed  in  tlio 
preparation  uf  glye<»nic  acid  by  hunting  swlium  chloraiM-iate  with  cauatio 
stHla,  wliich  in  fact  is  the  prceaa  by  which  it  was  first  ubtainud  : 


r,n,cio,   + 

Ohlorftcetle 
ncid. 

c,H,no, 

Chforiioetla 
acid. 


2NaH0    =    NaCl    4-     H,0 


C,HNaO, 

Sodium. 
glycuUftte. 


NaCl 


H-     C,HaNar), 
Sodium  ffly- 
eollat«. 

+       C.H.O. 

DlKlVCOMlO 


Diglvcollie  acirl  orrstallizes  in  large  rhomhio  prisnut,  mplting  at  IftOO  c. 
(302O  k.),  and  distifling  with  slight  decomposition  at  25<»o  C,  (482^-  F  ); 
4)ti£ily  Bolablu  in  water  and  in  alcohol ;  not  decomposed  by  boiling  with 
Alknlii-s.  It  id  bibosic,  forming  with  univalent  metals,  ncid  snltn  contain* 
in;^  CjHjM'O^.  and  normal  salts,  C,H,M,Oj ;  with  bivalent  metals  it  forms 
ouly  normal  salts^  CJI,M"Oj.     The  caidm^  gait  is  very  soluble. 
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Ol/oolUo  Anhydride,  C,H,Oj  — 0<;J;Jj 


obt  Ained  by  ex* 


^ 


pcMing  the  «oid  for  a  few  day*  to  the  Tftpon  of  sulphuric  anhj-dridti.  ii 
Itutreleu  powder,  melting  at  12«^130O  C.  (262.4CU2()tiO  K.);  iiuoluUe 
aioohol,  ethfr,  aiid  oold  water;  boiliiig  water  reoonverta  it  Into  gijooU 
add  and  ilisaulred  it. 

CU, 
QlycolUde,  C,H,0,aBO<'    1      ,  ia  formed  by  buating  glyooUio 

to  ItCO  C.  (3<>20  K.>-     1'  i«  '^  white  amnrphous  [>Dwder,  melting  at  1 
C.  (356^  F.),  iiiaolutile  in  uuld  water,  reounvurted   ioto  glyoollic  a«id 
boiling   with    water.      UeattMi   witU    ammonia    it    yields    glycollaiiud«^ 
ClljOII— CONH,. 

Lactic  nr  Oxypropioalo  Aclda,  0,11,0,  «  C^U^^^^ 
— Of  thtiSti  acids  thero  are  two  iauuwric  modiUcaliuuB,  vix.  : — 


bf 


.OH 


CH, 

cuou 

C(X)H 

<-Laotio  or 

Ethldene-lsotie  add. 


CHjOU 

ro.oH 

fi  Laotlo  or 
Ethrne-lnotlc  acid. 


1.  BtMdeno-lactlc,  or  laolactlc  Aold.  nOUC<^,J]'jj .  ia  the  ordi- 
nary lactic  acid  pro<luctid  by  a  p4^culiar  fonntmtation  of  sugar  aiid  other 
carlKjIiydrates,  henoe  c&l\eA  Jermentation  lactic  ariJ.  It  i«  also  prodno«?d  by 
Iho  first,  soo'ind,  fourth,  and  fifth  of  tho  g.meral  reactions  alrraHir  m»n- 
tiohiMl  (p.  72(i),  vix.,  by  oxidation  of  a-propuno-glyool ;  by  the  arliim  of 
moiHt  silver  uxiilu  on  ■-clilitropropionio  acid  ;  by  tltA  action  of  liydrocyanial 
and  hydrot:hluric  acid  on  aliKOiyilk* ;  and  by  that  uf  nitroun  acid  on  «-auii- 
dupropioniu  at-'id  (ulaniuf);  and  lastly,  by  the  action  of  nauct^nt  hydrogeq^ 
on  pyruvic  auid  : — 

fFi.on 

COM 


CO,H 


H-    Hi 


Prtpnrtaitm  of  OrtHmtr^  ImHk  Aad  fty  Fermentntion. — Variona  Mnda 
sugar  and  dextrin,  wlien  Bubjoclfld  to  the  action  of  particular  fermonts, 
are  ixtuverttid  into  lactic  acid,  the  change  consisting  in  a  n^aolution  of  tha 
iDoliH!ul<>,  preceded  in  some  cases  by  the  assumption  of  the  ekments  of 
water :— 


I 


C.H„0, 

Oluooie. 


Milk  augftr. 


^  2r,H.o, 

Lficllc  ncid. 
Lac  lie  aeid. 


This  laotous  fermentation  requires  a  temperature  l>otwvi>n  20^  &nd  40O  0. 
(08O  and  U)4P  V.),  and  the  pre-sonce  of  wattir  and  txrtain  roruiciiti^—rii., 
albnmiuous  suhstancus  iu  a  peculiar  Btnto  of  dooompusitlon,  .such  as  easein, 
glutin,  or  animal  mcmbranea,  especially  the  coating  of  the  Ktouach  of  the 
calf  (rennet),  or  of  the  dog,  or  bladder.  According  to  PaRtfur  and  nthurs, 
tiiepeuds  upon  the  presence  of  a  peculiar  fungus,  l^HidlliuM  tftaucum  (p. 
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568).  The  following  U  a  good  inothod  for  preparing  th«  acid  in  connider- 
atilo  quantity  :  2  gallons  of  milk  are  mixed  with  ti  pounds  of  raw  Hugar, 
1'2  piiiU  of  water,  H  ounct«  of  putrid  L-h(Hf.ti,  and  4  |HPiind>i  of  chalk,  which 
should  be  mixed  up  to  a  cri<«nijrcuiisi8tfnoe  with  fiouie  of  the  liquid.  Thia 
iiiixtur<.'  its  expo8t*d  in  a  locaoly  oov«red  jar  to  a  teniporature  of  al>out  3<J^ 
C.  <H(i01''.),  with  ot-cuional  Rtirring.  The  use  of  thvrhnik  in  to  mmtrnlise 
thf  lactic  ucid,  whicli  would  olherwiHo  coagnlatti  the  t^tfciit,  render  it  iu- 
8<ilublt*,  and  therrhy  put  a  8t<;p  to  the  jjroct^M.  At  the  eud<if  two  or  thrve 
w«H}kii  It  will  h«  found  conTcrttni  into  a  atrnti-iwlid  maati  of  cnlcium  lactate, 
wliich  aia.v  bu  drained,  pruasud,  and  purifiMl  by  re-cryetaltization  fruuk 
wat«»r.  Tho  Uctjitc  may  bt-  decotnpOF(c«l  by  thu  necessary  quantity  of  purw 
oxalic  acid,  the  flltvrud  liquor  nvuiralizMl  with  xinc  carbooatu,  and,  afltr 
a  avcuud  filtration,  evaporatvd  until  the  xino-Halt  cry8talliz<»  out  ou  cool- 
ing. If,  In  the  llrat  part  of  th«  proi:<*«9,  the  solid  calcium  laHatc  be  not 
removed  at  th«  pro])er  time  from  the  fermenting  liquid,  it  will  gradually 
redidtfolve  and  diuappfar,  being  cvuvurtMl  into  soluble  butyrate  (p.  7t>3;. 
An  important  iijudificatiun  uf  this  proooaa  oonaiato  in  employing  oommereiiil 
ai]ic-wtute  instead  of  powdered  chalk,  which  yields  at  once  diffiuuUly 
aoiuble  xinc  lactate,  waflily  puriBed  by  r«>cryBlallization.  Tlie  sine  laetate 
may,  laatly,  bo  rediaaolved  in  water  and  duoompotifd  by  sulphuretted  hy- 
drogen, in  ordur  to  obtain  the  free  acid.  Together  with  the  lactic  acid  a 
certain  quantity  of  niannite  is  invariably  formed.  This  is  separated  by 
agitating  the  concentrated  aqueous  solution  with  etfacr,  in  which  the  lautie 
acid  alone  is  soluble. 

Lactic  acid  may  be  cxtract<^  from  a  great  rarietj  of  liquids  containing 
deocmiposing  organic  matter,  as  murrkrauij  a  preparation  of  white  cabbage, 
the  sour  liquor  nf  the  Htaxch -maker,  ete. 

Solution  nf  lactio  arid  may  l)e  concentrated  in  theTariuitn  of  the  air- 
pump,  over  a  surfaoo  of  oil  of  vitriol,  until  it  apfn-ara  as  a  ooIorleMf 
syrupy  liquid,  of  sp.  gr.  1.215.  It  has  an  intcnsi'ly  sour  taste  and  acid 
ri-actifin  :   it  is  hygroscopic,  and  very  t»{iUible  in  water,  alcohol,  and  ether. 

lly  prolonged  ovaporation  ovpr  sulphuric  acid  it  is  partly  resolved  into 
water  and  anhydride,  and  by  dixtilliition  it  Kplits  up  into  lactide,  Cj,U,Q,, 
aldehyde,  carUm  monoxide,  and  water. 

By  oxidation  with  chromic  acid  mixture  lactio  acid  yields  formic  and 
acetic  ocida.  BoiI»<d  with  dilute  nitric  ariti,  or  with  dioxide  of  lead  or 
barium,  it  is  f^nvrrted  into  oxalic  arid.  Distilled  with  dilute  aulphurie 
acid  and  dioxide  of  lead  or  manganese,  it  yields  a  la^^:c  quantity  of  alde- 
hyde, together  with  carbon  dioxide.  Uydriodic  acid,  or  a  mixture  <>f 
phosphorus  tctriodido  and  water,  riKiuccs  it  to  propionic  acid,  with  libera- 
tion of  iofline  : 

C.H,0,     4-     2HI     =     C.H.O,     -I-     H,0    -f     I,. 

By  heating  with  hydrobromlc  acid  it  is  converted  into  «-hromo- propionic 
acid : 

CH,— CH(OH)— CO^    4-     HBr     =     H,0     +    CH,r-CHBr— CO,H. 

Lactates. — ^The  best  defined  of  thci>e  salts  arc  represented  by  the 
formulie,  M'CaHjO,  and  M^'CCjIljO,),.  Barium  and  caleiura  al*Ki  form  acid 
lactates,  e.g.,  C&(i\H^i\)^.'ZC^\{JJ^.  The  lactates  are,  for  the  most  port, 
sparingly  soluble  in  cold  water,  an<l  efUnresc^i  rapidly  from  (heir  solutions: 
they  are  all  indolnlilo  in  elliiT.  Wlu^n  heali*d  with  pXi-*^m  uf  strong  sul- 
phuric acid,  they  give  off  a  large  quantity  of  pure  carbon  monoxide. 

.SWiMin/arta/e,  C3|H^03Na=CH3 — ^H-<[^,^  «  ,  obtained  by  neutralising 
the  acid  with  sotlium  carbonate,  is  an  amorphous  masA,  which,  when  heated 
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With  snntAllio  Bodlam  is  eonvert«d  Into  dlflodic  lactate,  CH,<^^^    ,  the 

■loohol  li>-<trng*>n  being  likewise  replaced  hy  sodjom. 

Cu/cituH  /(u-fti/e,  (C,TLO,),Ca+ 5H,0,  is  obtained  in  the  fermcnUtioii 
priHMwa  alMivtf  dworibedt  or  hy  boiliug  aqueous  lactic  aoid  with  calcium 
CKrU:)iiatt:.  It  diHtiolPfS  in  9.5  ports  of  «at«r  at  ordinary  tomperatun's.— 
ifmc  luctatt,  (C,Hj(>j);Kii  +  3H,0,  (fiv^**  off  its  water  quickly  at  10t»0,  dii- 
■dlvcit  in  ti  parts  of  iMiiling  wnUr,  in  6,8  pnrbt  of  oold  wal«T,  and  in  nearly 
5nsulul»lM  in  aUx)hot. — FrmmB  iartate  is  precipitated  in  small  yellowish, 
XicnlU'H  uii  mixing  aiiijiiouiiiui  laclatt*  with  ferrous  cbloride  or  stilphaU*.— ^ 
^'trriciactaU  is  a  browu  deliquusctoit  luaas. 

Lactic  Kthers. — Lactic  acid,  like  the  other  metubers  of  the  group, 
can  form  three  dllTen-nt  etiirra  oontnining  the  same  univalent  altxihol- 
fadiolc,  aiH.'uriting  as  ilie  alcoholic  or  the  basic  hydrogen -atom,  or  buth, 
are  replac«ni  ,  thus  : 


Ltsotlo  sold. 


coon 

Ethyl-Uotlo 

ACld. 


C,H,OH 

COOC.U. 

MonethyliQ 

UdUle. 


coor,H» 

Dlrthrllo  ljiotat«, 
or  cttiyllo  etbyl- 

UotAttt. 


Mmetk^ic  laHatf,  C^HfiO^.C^Hj,  ia  produced  hy  diatilllug  potassium  op 
sodium  latitats  with  polassium  elhylsulphat^?.  It  is  a  syrupy  liquid,  boil- 
ing at  170°  C.  (S48.8^  P.),     Potaaaiom  dissolves  in  it,  wilh  evolution  of 

hydrogen,  forming  ethylic  potasslulaotate,    |  .—Ethj^-iaetic 

acifl,  C,H,(OC,Hf,) rO,H,  is  obtflinwl   as  a  iwtassium  or  ealciuin  salt  by 

dinxiuiportiiijs  dif'thvlit  laotatt-  with  jxitash  or  milk  uf  lime.  When  si^i>a- 
ratcd  fmm  thenft  salts  by  Hulphnrir  nctd,  it  forma  a  viscid  liquid,  bi>iling 
with  partial  dt'*HitnjH»aitinn  ln'twwn  U'S^  and  IQVP.—Dieihyiic  httntrt 
(■jtlt(t>C,Hs> — ('0,(yi^,  if!  productMl  by  thi»  action  of  ethyl-iodide  on  ethyl 
polnssii.Uciate,  and  by  that  of  smlinm  elhylate  on  ethyl  chloropropionatti; 

c,ii.(:i_ror,n.   +    Knorji.   =    NaCi   +    c,h.(oc  h,)— co,c,Hj 

Ethyl  ohioropro-  SmUum  Dlethylle 


Iiloantc, 


ethylsTe. 


lactate. 


Mrtht,I.Uictic  add,  C,Hj(CH,)0,,  and  its  line  and  silver  aalta  have  also 
Leon  nUtnined. 

The  akidiolic  hydrogon  of  lactic  acid  may  ahjo  Iw  roplaoetl  by  jwid  radi- 
cles, forming  such  eomponnds  as  aeetolactic  acid,  C,U,<Q,(j*y*   , 

/^rftff  Vhl^fridti,  CjH^Ori,,  or  -Chlorojyropionyi  iVuridr,  C,H,C1— CC>C1,  is 
obtainwi,  togetliPT  wilh  jiliosphorus  oxvf  hloride,  by  gently  heating  a  mix-i 
ture  of  cAlcium  lactate  wilh  phfwpbonia  ptntrtchlorido.  It  is  a  colorlesa 
liquid,  boilin);  alwve  ItXtO,  and  dewjmposwl  by  waUT,  forming  hydrochlorio ; 
and  chloroi)roi>ioinc  atids.  With  alcohol  it  forma  ethylic  «H:hloropropl-j 
onate.     hy  heating  wilh  alkalies  It  is  oonverli'd  into  lactic  acid. 

Lactic  A»iiYimiOB».—l.  Dilactio  acid,  C,H„04«2CjIl,0,— H,0: 

O^  ,  formed  by  heating  lactic  acid  to  130O-200OC.(2«eQ- 

Sua"'  F.),  is  an  amorphous  niass,  very  bitter,  and  nearly  insoluble  in 
waU»r,  but  rucouverled  into  lactic  acid  by  prolonged  boiling  with  water. 
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3.  Laetid«,  C^H^O, ss UC— Cil,,  the  second  aDhjdridii  of  lacUo  acid, 

A 

0     CO 

to  obUined  hj  dutilUUon  of  lutio  or  diUelic  acid,  and  max  ^  obuined 
pure  bj  fvaporatiog  the  diBUIIat«,  washiug  the  rv«iiltM  nitb  ci>M  aUvhM, 
and  crystAlIixing  it  frmn  hot  ahxihul.  Lactld«>  tUiu  puritit**]  4:ry:itallui«t  in 
rbniubic  platoft  which  meU  al  1U7^  C.  {'Z2riX-^  F.)  ;  it  dibMilves  gradually 
in  watfir. 

Ihmltictic  or  Sarralartic  acul  la  a  modification  of  lactic  acid,  existing  iu 
the  animal  organism,  «epeciatl/  in  muscular  Htsah,  bvm  whitdi  it  may  In* 
extracted  by  void  water  or  dilute  MoohoL  It  is  most  easily  prepufMl  from 
Licbig'a  extractor  mt*at.  U  agnwa  in  all  \Xa  reactions  with  ffrnu'ntatlon 
lactic  acid,  ami  must  therefore  have  the  same  cht-mical  »tructuri* — that  is 
to  say,  it  mnst  be  an  etliidtme-lactio  aciil — but  it  differs  fmm  nMiuary 
lactic  acid  in  its  relation  to  {K>UrtZi^l  light,  iniumurli  as  it  turns  the  piano 
of  polarization  to  tbu  left,  wbereoii  onliuary  lactic  acid  is  optically  inactivu. 
Hi'nc«  it  is  infi-m*d  that  the  twu  mtxlifi cations,  though  chemically  idmiiral, 
d i ire r  from  one  another  in  physical  structure;  in  ntiier  wonts,  that  the 
ditren-nce  betw«*n  tbem  oonsisLsi,  not  in  the  arranp-nient  of  thr  atuma 
within  the  molecules,  but  iu  the  arrangement  or  motlUleaLion  of  the  inole- 
culcA  amongst  thfiiutelves.  Tburo  are  otlier  cas^-s  of  diff<L*r)'noe  In  ])bysical 
character  coiTxi^lin^  wttli  rhemioal  identity,  which  an*  attribtititl  tn  a 
similar  difference  of  physical  strncture,  as  in  the  sereral  uodtHcalionfl  of 
tiirf'miitine  nil. 

2$ome  of  the  paralactates  dilTur  from  the  ordinary  lactates  In  solubility 
and  other  oharaoters ;  thus  : 


I 


Calcium  Salto. 


Zitto  Salta. 


Laotate. 


(C^^i"i0.)»***+SH,O;  nod- 
ular groups  of  netHlbia, 
soluble  iu  9.5  partfi  of 
cold  water. 

(C,H»0,),Zn4-3H,0:  slen- 
der iieeiUes,  solubb*  in 
68  porta  of  cold  water. 


PsrnUetAlr, 


-f-in.O;  sijlublo  In 
1:!  parts  uf  uoM 
Wftler. 


-1-211,0:  thick  shin- 
ing prisiitft,  tioliibln 
in  17  purls  of  water 
at  150C,  (MtOF.). 


Paralactlo  add  hi^atM  to  I30O  C.  (2<J(P  F.)  J*eld» dilaotio  add.  convert- 
ible by  water  into  onlinary  lactic  acid, 

CU,— (>H 
2.  Bthene-laotio  or  Hydraorylic  Acid,     I  .—Tliis  neld  is 

produiwd  by  lie.iling  fl-iodopropinnie  acid  with  luuist  Bilver  oxide;  CIT  T — 
Cil,— C'O.H  4-  AgOH  =  Ag[  -h  CII,On— <:H^;'{),H.  U  iti  A  Ibi.'k,  1MI.T.VH. 
tallixftble  syrup,  wbicli.  wliyn  healed  alone  or  Iwlled  wltb  fiulphnrlo  a«id 
diluted  with  an  uquiil  weiglit  of  water,  is  oonvertod  by  dehydration  into 
acrylic  acid : 

CU,— OH  CH, 

I  —    11,0      ^       1 

CH,— CO,H  CU— (;o,n. 
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lyhcattnff  with  hydriodie  add,  It  la rvcoiiTert^d  into  A4ei{opropionio  Add; 
\%y  oxidatinn  witli  chromic  acid  mixture,  or  nithc  ai-id,  it  rifjils  oxftlic  arid 
t-ailHiii  lUoxidi'.     Whrii  hefttvd  with  stiver  oxide  it  Is  oi>ttr«rt«d  into 
^ourbftwlttxylic  add,  Cjll^rv 

Tlut  un-taUic  }iydrmtTr.vlat-s  trt'  crrstallizaW^.    Tlio  *x/i«ot  aoA;  C,Htf\Na, 

(ryiit»IIiit<ii  ill  flttt  priumfl,  which  mrlt  without  loss  of  weight  at  14:}Ol_i4>43 
C.  (:287.*itJ^2i»M.40  K.).  *i"t  give  off  wator  at  150O  C.  ('SOJP  K.).  leaving 
KMlium  nrrylah',  r,||,(),Nii.  The  ralrium  mtt  (CjHjOj)/*  +  2H,0,  tttna 
largi^  rhoiiibio  |>riiiinA,  which  pive  off  thoir  water  uf  crrAtalltZAtion  at 
Tin-  ilrhydratt'il  »nlt  unil«*s  without  altfrntion  at  \4f<^l4tiO  (*.  (; 
y.),  hut  111  unto  c.  (:174C'  K.)  it  pivts  olf  water,  and  in  (x>nv*Ti*r> 
)fcT/lat.T  («:,IIJ>j,Ctt-2n,(»=  (rj|,0,),ra.  The  xinc  m/t,  (r,U,Oj), 
4U,<>,  cryiital)i«»'K  from  n  moiifrately  strong solnt inn  in  largo sbtQiug pi 
•olablv  la  aa  «qual  wiilght  of  wat«r  at  l&o  C.  (590  F.>.« 

Oxybntyrlo  Aolda.  C,ngO,  =  C,II,<[J^^  jj. — Rre  of  these  acids 
arc  th<Hir<ilioaUy  powlhle,  and  four  arc  known. 

I.  m-Orybutyrir  acid,  CH^--Cn,—Cnon— 00,11,  i«  formed  bj  hwit- 
Ing  «-hniuiohutyrlo  ot^^id  with  moist  silvor  oxi<lo,  or  with  aqueoiu  potash. 
It  Is  rryRtalliito,  very  dcli'iui'scnnt,  and  mcltn  at  4'JCL-440  <•.  (lOII.-*Ci- 
111.2^  K.)-  It«  nftlt«  ftfft  crystal line»  the  zinc-salt,  (*'4W/-*j)»Zn,  fonuiiig 
whito  lamiuir,  fclighlly  soluble  in  cold  water. 

3.  ti-Oryhutyric  acid,  CH,— THOH— TH^— TOjR.  fa  prodno<id  by  loR- 
inK  ♦-hromobutyrio  acid  with  ailver  o^ido  ;  by  the  action  of  30*limn  amal- 
gam on  ethylio  auulo-acutato : 


00 


<II:, 


CO,.C,Ha 


H, 


cnoH<^}|» 


..co,c,n4 ' 


^  Uie  oildfttion  of  aUlol,  CIIjr-^nOH— Til,— CIIO  (p.  «75)  ;  and  appa. 
WMllj  alao  by  hoating  prop<*no-<:hlorhydnn.  CH|.CH(}1I.CII,ri.  witli  jhk 
iMirtVMi  41janidc,  wherv^liy  it  in  convtTtod  into  the  oorrt*M]>onding  eyauhy- 
<M^  aikd  aapouifying  Iho  latter  with  pDiaah.  Tho  frco  ooid  ia  an  uncr^ii- 
^rinaaM*  inrrup  -.  the  calcinin  salt.  (C4llTO,),0a,  crystainz<.4  with  diffloolty. 
TW*«M«il>laini*4l  from  proiK-nL'-t'hlnrhvdrin  is  ri*s<dvud  by  distillation  Into 
"  Mtid  muonio  acid,  CHa— Cl'l=CH— CO,II. 

%rt  Wuilpcnus  (Llcblff'H  Annot«ii,  elxT.  0),  Tiydrnrrrtlo  jtelt)  nrvparMl 

l«  «#!(]  U  not  itlculiCMl  wltholhCDC'liictlo  noid  prepareii  by  com- 

*  wHV  cftrbooyl  chloride  (jihoaffeDe).  and  decomposlog  tbo  multlnf 

.tlk«at«r: 


Clt, 

^y    +   cocu   - 


0U«C1 
OH,  COCI 


aH/>     —       SHCI      -I- 


rH,.OH 
CH,.COOH 


obtalnml  la  converted  by  oxldfition  with  cbromlo  ncid 

•rift.  CIH>I{— Cli,— CUOH,  ivherofif  hydrAcryllo  nriil. 

"Wirbjf  (nto  o«ftUo  ncltl  nnd  curbon  tlloKlde.     I\Iur«- 

%f\Jl  nrcerynXnllinv,  wherenn  those  of  cthcnr.Uctie 

■  1  fnr  Thp«e  diilcrfncpn.  WidliccDUB  nsiiffni  to  by- 

|C1|(— 4,?OII— CUOll,  ftad  corrpBiiondIng  iormul«  to 

*ffld.    Thesp  fnrtnulir,  however,  iire  tompwhat 

»lfi  tb*  irroup  rciCtH  (  morrnvrr.  tho  formAtlon  of 

th*"  ttinnnrr  ilrm-rllH-d  by  \Vl«li(^*nu«  dorti  not  b|»- 
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3.  y-Ol phutyric   aciii,    or  Sormal  0 x ybHtyric   nrirf,  CH,OH — 
CU^ — CHj — CO|U,  ia  prcpwod  from  saooinio  acid,  CUU — CH^ — CIV-CUO. 

4.  Oxtfisobutyrie  acid,  uV^COH — CO,H,  Ib  prodaoed  : 

•.  By  tlio  Action  of  hydrooyauio  and  hydrochloric  ftcida  on  aoetone ;  honou 
called  aootouic  acid: 


H|g>CO 


COH— CN 


+       2H,0 


HCN 


a*        NHg 


+       ^^COfl— COOH. 


fl.  Frtjin  nthyl  oxaUta  by  Iho  nctiou  of  methyl  iodido  and  line  (p.  714)  : 
h»rnc<i  call.-^l  d  imet  hy  lox  aU  e  acid.  y.  From  hromisolmt^vtic  mid, 
((.■n,),CBr — tHijII,  by  Utiliug  with  bopyla-watcr.  >.  By  oxidalion  of  iao- 
p4tiiti;nB  glyrul  (p.  C08). 

Oxviflobulvriu  acid  cryatalliMa  in  slender  priama,  Bolable  in  water  and  in 
plher'.  It  Bubliin.^  at  M»o  c.  (ISliO  K.).  u»«ll»  at  "t^  ^'  (174.20  K,),  and 
dialils  at  21'-*^  ('.  (413.tP  F.)»  Its  elhylio  ethor,  treatwl  with  phwipUorus 
tPlchlorido,  in  cuiiverted  into  ethylic  niethylaerylate : 


U,C 


y^^COH-CV\C,H, 


U,0      » 


By  oxidation  with  chromic  acid  mixturo,  oxylsohutyrlc  arid  fs  WBoIved 
into  carbfln  dioxidd  nnd  art'toiu'.  Its  tHtrium  unit,  ((',H,{>,),Ba,  furuis  shin- 
ing noedl(!»,  paaily  siiliiblu  in  water.  Tho  zinc  utU,  (<'»li7**i)*Zn  -(-  211^0, 
tirystallizoa  in  shining  six-sided  priauu  or  tables,  sparingly  Boluble  in  cold 
water. 

Ozyralerio  Add*,  CjH„0,a^rjH,<^^)  U  .—1.    «- Oa-ytioro/eric 

or    r»opropyl~kydroxalie  ajctd,  ^^CH— UC<^^  jj .— TliUaoid, 

pri?par*.*d  from  tho  corresponding  hromuvalprio  acid,  forms  lurjre  tabular 
crvMtalit,  HOMily  soluble  in  wator,  intuiting  at  8<>0  C.  (170^  V.).  and  volatil- 
izing at  about  lliOO.  Wht-n  oxidized  with  chrumio  acid  mixture,  it  yields 
var^mu  ilioxide  and  isubutyric  arid. 

TUh  .■thylio  ethor  of  tills  acid  is  formod,  loj;eth*ir  with  that  of  oxyiso- 
caprylio  acid  ((w/ru),  hy  the  action  of  isopropyl  iodido  and  sine  on  ethylio 
oxftlftto,  and  may  b«  obtained  by  wajiorjitin];  tlie  pf>tash-s4>lntion  ns«d  in 
the  preparation  of  oxyisfK-Aprylic  acid,  aridnlnting  with  «n1phuric  acid, 
agitating  with  ether  and  evaporating  tlie  fth*Ti>:il  sotution.  The  uxyiso- 
valeric  acid  then  rumaiiis  as  a  thick  liquid  which  aolidiflea  in  the  exsic- 
cator. 

2.  Mnthfjl^cthyUzalic  acid,  |}^[!  >  C  <[!(^  jj ,  obtained  by  the  ac- 
tion of  A  niixtnro  of  methylic  and  ethylio  I(vlide  ond  zinc  on  ethyl  oxalate, 
forms  whitMcrvBtals,  easily  solnblo  in  water,  and  melting  at  C30  C.  (JAhAO 
v.).  Its  ethy'lic  ether  is  aolnble  in  water,  hntU  at  KiftO  C.  (32»0  F.),  and 
is  converted  by  phosphorns  trichloride  into  the  ethylio  ether  of  methyl- 
erotonic   acid. 

OxyeapTolc  Adds,  C^H^Oj  =  CjH,(,<^^  jl . — 1.  Zsucicaciif,  pro- 
bably m-Orifcaproic  aeid,  f\n, — CUOTl — COjII,  is  produced  hy  the  action  of 
nitrons  acid  on  lenolnp  or  amidocaproic  acid  (see  Amidrb).    U  forma  nccdh 
or  mououUnic  prisms,  soluble  in  water,  aloohol,  and  ether,  melting  at  atwut 
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73°  C.  (163.40P.),  and  volatilizing  at  lOiTP.     When  heated  for  sduie  tii 
at  that  temperature,  it  gives  off  wati-r,  and  leaves  a  *yrupr  oxide  or 
hjrdrido.     It  forms  rTjrstallizaMo  BiklU  analogoua  to  thtt  lautat^B  ;  tUu  ai 
saJt  cryBtalttzoB  in  shluing  scales. 

2.  Diethyiaxalie  acid,  (C^t)tC<^^  ^ ,  Ibrmed  b^  the  action  of 

ethyl  iodide  and  linc  an  ethylio  oxalate*,  is  crystalline,  easily  soluhln 
watt'r  and  ethor,  nu^lt3  at  74..'JO  C.  (ItJO.lo  P.),  and  auMimcs  at  about  5tK>( 
(1220  K.).  Ita  mothylic  uth«r  bt>ils  at  16S0  C.  (32«»o  K.).  and  U  convert 
by  thti  action  of  plHwpIioruit  trichloride  into  nirthylit:  otliylcrol) 
natu  (p.  71S)>  Tho  frou  auid,  uxidizad  by  chromic  acid  mixture,  yieU 
diethyl -kotonu,  CO(C,Hj). 

OxylBoheptoio    or    Amylhydrozallc  Add,  C^Hj^O^ 
*^i*^^>C<^"jj  ,  and    Dlamyl-oxalio    Acid.  l„U„0,  s« 

P*||"'^C^^/v  ..,  aro  fomH-d  by  the  action  of  zino  and  isopentyl  iodide 

on  tjlhyliti  oxalat**.  Tho  formur  ia  a  thick  syrup :  its  ctbylic  uther  boila 
at  12030  C.  (397.40  p.).  Tho  latter  orystallixwi  iu  silky  ueedlea,  is  nearly 
insniubli*  in  water,  and  niAlta  at  12*J0  C.  (251. (P  F.).  IXA  ethylio  ethur 
boils  at  2t}20  C.  (5u3,(iC  K.). 


» 


Ozylaooapryllo  or  Dl-iaopropylozalio  Aold,- 

C,II,gOg  =:  (C5U,),C<^Q  ij ,  obtaiiit'd    by  Uie  autiou  of  hiopropyl  iodido 

and  line  nn  i-thvlio  oxalate,  fornix  slender  noodles,  sli};hlly  solubli*  in 
water,  melta  ul  1*100-1110  C.(230O_231.8O  p.),  and  f  nblimes  at  a  moderate 
heat. 


4 


CarboDio  Acid,  CIl^Ojs:  C0<^[{  .— This  acid   bulongs  to   th« 

liwtie  Heri»>3,  so  far  &a  ila  conHtitiition  is  txiucemed,  being  derlvM  from  th« 

uukuuwn  methene  glycol,  CIL,-*^.,. ,  hy  aubutitntion  of  0  for  H, ;  but  it 

differs  from  all  the  other  aouXr  of  the  seriM  in  being  bihaflic,  both  the  hy- 
droxyl  groups  contained  in  it  being  immediately  eonntMited  with  an  atom 
of  oxygr>n,  HO  that  either  of  th«  hydrogen -atoms  may  be  reganled  aa 
belongiug  to  the  group  CO,ll. 

Car>>unic  acid  itself,  or  hydrogen  carbonate,  ia  not  known,  inaamnoh  as 
when  a  metallii)  carbonate  is  deoompnt>t^  by  a  stronger  aold,  the  hytlri>g)'U 
carbuuatt;,  CHjO,,  always  HpliLt  up  into  water  and  carlton  dioxide,  whirh 
escapes  as  ga«.  The  correMponding  sulphur  compound,  Cll^,  is,  how- 
ever, obtained  as  an  oily  liquid  when  a  metallic  thio-carbonat«  Is  decom- 
potfeil  by  au  acid  (p.  2Ul). 

With  the  alkali-mntals  carlxmio  acid  fonna  acid  and  normal  or  neutral 
■altti,  according  an  one  or  l>oth  of  tho  hydrogen -atoms  are  replaeod  ;  e. ;/,, 

Acid  aoiiium  carlmnate,      CHNaO,,  or  C0<^5J 

Normal  aotlium  carbonate,  CNa,0|,  or  CO(ONa),. 

With  dyad -metal:!,  earlxinic  acid  forms  only  normal  snltii,  CM'^Og,  and 
baaic  ftaltn  ;  th>i  -to-iutlhil  ai-id  earU>riates  of  liarium,  ualcium,  ete.,  ar4» 
known  only  in  atdutii  n,  and  are,  in  fact,  merely  solutions  of  neutral  oafi 
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-^«8  in  nqneoufl  carbonic  acid,  whJch  give  off  oftrbon  dioxide  on  boil- 
Thti   bsui'u'.  <.'arbiinKte8  of  dyad  mi^taU  may  he  viitwod  aa  ooro|)ounda 
lal  c&rl)uDalv8  witU  lUtitallic  uxidcs  vr  Lydrat««  ;  fur  example,  ftl&kud 
pr(Mliic«Ml  by  exposing  quicklime  lo  mui:tt  air,  hud  the  compoailion  of 
«'%lcio  cai-)>onat«,  CaO.CaC'0,.Aq.  ;  and  native  gr*'OD  wippcr  uarlxiuato, 
■k^lachile,  conniiits  of  CuCCuCO,  ^-  U,0.     Tliesr  baaiu  carbonates  may, 
liver,  he  viuweU  in  anothur  way,  namely,  aa  derivtHl  from  a  totratomio 
tKjnic  acid,  or  or  thu-carbon  io   acid,  CH,C\,  or  C(OH),,  analogous 
Yiivthanir  and  rarlion  ti'trarhloride;  thiu,  diualcio  carbonate isCCa,0^-|- 
O  ;  malaohit*)  =■  tX'UjO^  4-  11,0  . 
'         NVith  metals  of  highur  alomiuity,  Darbouio  add  does  not  form  definite 

^^K  Cakbohic  Etusrh. — T1i<«  only  carbonic  ethers  known  are  those  in  which 
I^Kav  two  hydrngvii-atoiu-)  nf  oarlxtuio  acid  are  rt^placed  either  by  tvro  equi- 
J    ^^?\l»*utB  of  a  luonad  aU'<ihol-radiole,  or  by  one  uquivattiut  of  a  monad  alco- 

l«oI-radicte  and  onu  ct^uivalfnt  of  metal. 
,  Etityt  carbonate,  (C,1IJ|C0„  is  formed  by  the  action  of  ethyl  iodide  on 

ttilvtir  carU>uatu  :— 


Agjco,   4-    aCjHj 


2AgI    4-     (C,H5),C0,; 


^'Slao  by  the  action  of  potassium  or  sodium  on  t-thyl  oxalate,  (C,II^),C,0, ; 
tliis  rvactinn  is  not  quite  understood,  but  it  anmunls  to  thv  removal  of 
earbon  monoxide,  or  cart>onyl,  CO,  frum  the  oxalic  other.  Kragmeuts  of 
potassium  or  sodium  are  dropped  into  oxalic  othtur  as  long  as  gas  is  dis- 
engaged :  the  brown  pasty  pr«Kluul  is  then  mixed  with  water  and  distilled. 
The  uarljonic  ether  is  found  tlciating  upon  the  surface  of  the  water  of  the 
receiver  as  a  colorless,  limpid  liquid  of  aromatic  odor  and  burning  taste. 
It  boils  at  125^  C.  (257^  K.).  and  is  decompoHed  by  an  alcuholic  solution 
of  potash  into  potassium  carbonate  and  aletdioL  My  chlorine  in  diffused 
daylight  it  ia  uiinvertiHl  into  dichlorethyl  carbonate,  (C|HgCl,),CO|,  and  in 
eun»hiiie  into  pt'ut;ichlorethyl  u-arbouate,  (t-',C"Ij)|C'0,  . 

Eihifl-fMAwtutuH  carfumnte^  (t",H5)KCO„  is  produce<l  by  passing  carbonie 
acid  gas  into  a  uoolud  suluLiou  uf  potassium  hydroxide  in  absuluie  alcohol: 

C,n,0     +     KliO    4-     CO,    =     H,0    4-     (C,Hj)KCO,. 

It  is  a  white  nacreoufi  salt,  decomponed  by  water  into  potjuwinm  carbonate 
an<l  alf^iliol. 

Ethyl -mrthtfl  rarbonatef  (C3H^(CH,)C05,  U  obtaiiie*!  by  distilling  a  mix- 
ture of  ethyi-potaaftium  sulphate  and  mcthyl-potaaaium  carbonate  :— 


(C,n^K.80,     4-     (CH,)K.CO, 


KjSo,   4-    (c,n^)(cn,).co,. 


Meihyl-harium  carhoiuUe,  (CH,)xBa(CO,)^  Is  obtained  as  a  white  preeipl' 
tate  by  passing  carbonie  acid  gas  into  a  solution  of  baryta  tn  methyl 
aloohol. 

Carbonates  of  hiUt/l,  amyi,  and  aUifl,  analogons  in  composition  to  ethyl 
carlNtnate,  have  also  lieen  obtaini'd.  /'fipnyi-fii/rimf/fn  rarbontUf,  or  aciti 
fiiirntfi  carboRate,  (CjHj)IlCOj,  is  identical  with  salicylic  acid,  which  will  he 
described  further  on. 

Jitkifl  orthocarbonai«t  C(OC,H|)f,  is  produced  by  heating  a  mixture  of 
ehloropicrin  (trichloro-nitromethane)  with  absolute  aluohol  and  JtiMtium : 


t 


CCNO.)C],    4-     4NaOC,nj     =     3NaCl     4-     NaNO,     4- 
Ohloropiorla.  Sodium  SfKllum  Sodium 

etbyUto.  chloride.  ultrite. 


r(or,n). 

Ethvl  ortho- 
en  rno  11  Ate. 


U  a  oolorlesa  oil.  boiling  at  l&8CuiS90  c.  (316.40-31 8. 2P  P.). 
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TnrocjkSBO^ric  or  SrLmocARRONic  Etrkr«. — These  nrv  bodies  having 
conipoaflion  of  carbonic  I'tliora  in  which  tht?  oxrgen  ia  r<*plaot*il,  whollr  or 
{tartly,  by  aiilphur.     Tltir  foMowitig  tnbU'  I'xhibiU  thutr    uniiif^  and  firm- 
ulflB,  the  ethyl  and  etheut:  compounds  being  tokvu  oa  example*  : 

Bthyl-mnnothioearbonio  acid       .        .        »        .  (C,U^n.COJS, 

l)i<'tliylif  nwiiolhiotarljoniito        ....  (C,nn),.rO,S. 

Ktbyf-dithitM'Arlw.niv  or  Xnuthlo  ooid  .         .         -  (CjHJii.C'OS,. 

liicthylic  •litbiix'arUmnty     .  .  .  ,  ,  (C  H   .    i  • '"^  . 

Ktliyl-trithi*»carboni(:  neid   .....(«' 

Uielhyliu  trithuxjurbouate (<    i 

Etbi'Ue  dithiocarlxHiato         ,  .  ,  ,  ,  (V'^H\f'.CU^, 

Elhi'uo  irithiwarlwuAt*       .....  (C^H^Jcs,. 

The  tnetuUic  salts  of  thn  acid  tli  iocar  boit  ic  etliurs  are  produiN<d 
in  Ihti  oaiui;  uiaiiii>_'r  as  tbo^e  uf  the  eai'liuuie  ftht>rfl  :    thus  carbon  iliitxida, 
uiiitt's  with    piiiiwsiiim   sulpbt^tUylnlo  (ujfrcaptido),   to  form    }>o(n««iii 
ethyltu(>T)i>tbiocarlK)itato,  JiiHt  m  it  uiiitt-s  with   potassium  ethylate  to  for 
the  t-'thylcarbonatu  ;  and,  in  like  inoniKir,  carboii  biNulphideactA  ou  ptit 
aiuiu  etiiylatu  or  aleoliollc  potiutli,  so  as  to  fni-in  puUiMtaim  vtliyUlitbiuc 
bonal«  ;  and  un  potaattiuiii  uivrcaptido,  or  an  alcoholic  aolntion  of  the  si 
pbydrate,  so  a»  t«  fono  the  etbyltrithiocarbonato,  thus  : 


CO,  4- 

cs,  + 

cs.  + 


(f,n,)K{>  =.   C(Vl5)KC0,  Ktliylcnrlvnale. 

(C3llj)Kri  =  ((',II4>K(:<>,S  l-Ithvlmonothiocarhonat*. 

(C,llj)KO  =  (<  ,Hj>KCOS,  Etbylditbiocarlx.nale. 

(CjHjKS   =  (C,llj)KCS,  Klhyltrithiooarbonalo. 


The  ntMitral  thiocarbonic  ethore  (containing nionatoniic  aloohi 
radicles)   are  produt^fd   by  the  aclioii  of  tiit*  ehlnridcs,  bn>uiidt«,  etc.,  oa- 
aloohoUradiolua  an  the  metallic  solta  of  Uio  corrfji}>onding  acid  ethvrv ; 


«.« 


(r,ii,>Kr8,   +    c,n,ci   ==   Ka   +    (c,n,)/;s,. 


The  thiocorbonic  ethcru  of  diatomic  nlcohol-mdlcles  are  fonnM  by  II 
action  of  dialoakic  alcoholic  bromidea,  iodldeSi  etc.,  on  sodium  thiooarl 
ate  ;  «.^.  ; 

C,H.Br,    +     Na,CS,    =    2NaBr    +     <C,HJCS,. 

TTin   npntral  tliiocarbonio  others  am  oily  liquids;  bo  likevriso  are  th 
acid  I'thiTH.  Buch  nt  Uast  as  nro  known  in  ilio  free  state,  or  as  bydrogi 
salts  :   tltcir  nxdalHc  salts  are  mostly  crystaUiiiL*.    The  boRt  known  of  Uit'i 
riimihiiirids  are  the  e  t  by  1  -  d  ith  ioc  ar  bu  ii  ates  ur  xanthates. 

Ti>  pr.'pnre    xantbii'   acid,  alcohol  r.f  O.PtK)  «pciLfic  gravity  is  aatu 
rated  wliiUt  boiling,  with  potai^h,  and  into  thin  solution  <.4rban  bisulphid 
l.t  droppe<l  till  it  Cfoat^  to  bi>  dissolTed.  or  until   the  liquid  loses  iU)  alk 
liiiity.     Oil  oiwdiniJt  the  whid"  to  — 180  C  (0.40  F.),  the  potaaaium-sal 
Bi'j>arn!<»s  in  the  form  of  brilliant,  slendi'r,  colorless  prisms,  which  must 
be  quickly  pri'ssod  between  folds  of  bibulous  paper,  ami  dried  in  a  vacuum. 
It  in  freely  soluble  in  wnter   and   alcfdiol,  but   insolublo   in  ether,  and   is 
gradually  i|estri>yed    by  ex^HWUre  to  air,  by  oxidation  of  part  of  the  sul- 
phur.    Xanthic  ncid  may  Ite  prepartnl  by  decomixw*ing  this  salt  with  dilute 
sulphuric  <ir  hydnK?bloric  neid.     It  \-i  a  colorlejis,  oily  liquid,  heavier  than 
water,  of  |M)wt'rful  and  peculiar  odor,  and  very  iwimbustiblo  :    it  reddens 
litmus  paper,  and  ultimately  bleaches  it.     Exposed  to  gentle  heat  (about 
240),  it  is  decomptwed   into  alrobol    and   carlion   biaulphide.     Rxpos«d 
the  iiir,  or  kept  Ujueath  the  surface  of  water  open   t<»  the  air,  it  l>eoran 
wvurwl  with  a  wlutiah  crust,  and  is  gradually  dwtroyed.    The  xautUaiee 
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of  the  Alkali' metala  and  of  bariam  are  oolorl«68  and  orystallUable  ;  tUe 
calcium  Halt  drica  up  to  a  /cuiuiujr  nuifM  ;  Uu>  scanthates  nf  liuc,  lead,  and 
DMrcuo'  an)  wlutUf  and  but  slighlly  H<ituli|i> ;  thut  of  cuppor  is  a  flocuuleut, 
insolublu  aulmtnnuti,  uf  Inruiitiful  vrllnw  cnilfir, 

Etkiflir  ilUUiticnrUtnate  or  Xftntkic  rthrr,  (<.'j|llj),.<'08,,  olitaiu«d  \jy  the 
action  i>r  ethyl  ehloridi.''  ou  puiosKium  xanllial**,  in  a  palts-yidluw  uil,  lull- 
ing ul  24H)0  C  (3i*2^  K.),  iiisoluMt'  in  wati.T,  sulubli*  in  all  pruporliouu  of 
VU-uhoI  ur  ether.     Aiumuuiu-giut  pasH«d  luto  iti>  aloohulic  Kuluiion  toriuii 

mercaptan  and  a  rryatallUttf  aubfltatice,  CO^j...?   *, called  zaDthamidu: 

Amyl  dithiw;arbouatt;,  C()(SCgHt,),i  irvaWd  iu  Like  mauuur, /iclds  amjrl- 
xanthamide.  tO^"^]""  . 

Chlorooar  bonlo   Ethers,  C'0,CIR  or  CO<^^j  ,  [R  denotiug  a 

iQonatumtu  alcobul.radiole.  J — TlifAc  oamp»iiiidti,  dt-rivixl  froiu  uarlMinio 
ollnjrs,  Cf»(OH),,  by  Bul«litiainii  of  CI  for  on*'  of  tlio  groupB  OK,  are  formed 
by  tliu  autiuu  of  uarlwnyl  chloride  (phongt-ue)  on  the  aK-olioIa  ;  e.  g. : 

C0<^|    4-    UOCH,   =    Ha    4-    co<{i[^.„^. 


4 


Meth^i  chlororarfyonate,  CO.ClCCRs),  ifl  a  lolorlesa  mobile  oil,  heavier  and 
mure  volatilu  than  water,  navin^  a  pun>(«nt  odor,  and  burning  witli  a 
greoniHh  llniue.  Gaseouu  auiutunia  oonvertii  it  into  methyl  carbamate 
(arothauo): 

Hd     +     m<^\ 


™<^C1[. 


Etliyl  dilorocarbonato.  C0,Cl(OC,H.,),  is  also  a  oolorleaa,  very  mobila 
liquJ't,  the  vapor  of  which  in  very  irritating  to  tho  otm,  SpcciAu  gravity 
l.l;J9  at  1:J0  c.  (fl5,4o  Y\).  Boiling  i>oint,  i)40  C.  (2(11.20  F.)-  U  ii  very 
iullnniiuablu,  burui»  with  a  gruen  flauio,  Ih  decompoHtnl  by  hot  water,  and 
quickly  oonrerlod  by  ammonia  into  ethyl  carbamate. 


I 


DIATOmc  AMD  BIBAISIC  ACtDS. 

These  ai-i.J.-^  eontiiu  th«  group,  rO,H,  twire,  and  mnSt  thereforp  ponfain 
four  atoma  of  oxygnn.  They  may  all  be  indu.led  in  tbft  gen.-ral  foniitiia. 
R"(CO^H)j. — U  demtting  a  rtiatomir  hydrtuHrbon-radicle, — or  they  may 
Ikt  reganled  .-w  uomprmnda  of  oxvgenat<sl  rariiel.yi  with  two  rauivalenta  of 
hydroayl,  c.y.,  auccinic  acid  =  (C,H,0,)"(UI1),. 


1- — OxaUo  or  Sncninlc  Series, 

The  known  aoidd  of  thi.H  ncritii  are : 


Oialin  aoid 
Malonic  acid     . 
Succiuio  add    . 
Pyrotartaric  acid 
Adipio  aoid 


r,ii,(\ 


rjL 


A.orC„H,,<^^;^« 


Pimolio  arid 
Suborio  add 
Auchoic  acid 
Sehic  a«iil  , 
Howellic  add 


UQ 
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ThcjT  mrv   prodoced: — 1.    By  uxidalioo  of  th*?  corTv»{Kiadizi5  glr 
R'''(Cll)(>U)j,  thuchangeoonawtingin  tbo  subetilutioa  uf  O,  for  H^  (p. 
In  Uiu  nuuiuer  uxAttc  Jiciti,  C',H,(>^,  iit  fonued  from  etheue  alcohol,  C,] 
klid   luAlonic  »ri<l,  C,U,<>^,   from  it-properi*-  Alcohol,  L',H,Uj ;    bal 
known   gljcc^U  of  higher  onlcr  ttplit  up  u&tl<?r  tbe  inClueuce  of  oxidil 
B|p*ntri,  «nd  do  iiutyiuid  bihosic  acidfl  conuiiiing  th«  «uuo  nauibur  of  < 
bou-Atouis  as  theiiiai.*lvt«. 

2.  By  oxidntion  of  tlic  oxyfaUy  acids,  C.H,.0|,  in  which  Utc  h/djroxjrl- 
gruup  u  directly  attaoheil  to  the  group  CH,  ;  c.  y. : 

rH..oH  co.oa 


I  + 

co.ou 

Olf  eoJUc  RohL 


0. 


I 

CO.OH 
Oxalic  acid. 


H,0 


3.  By  boiling  the-  cyono-derivatlTcs  of  the  fatty  avidji  with  alkalh 
Aoida: 


CHjXN 

co,u 

Ojraaaectlo 
acid. 


tH,0 


Nit, 


HaIqoio 
asld. 


4.  By  boiling  th«  cyauidei  uf  diatomio  alcohol -radicles  with  all 
potash  ;  e.  if. : 


rro|>rn« 
cya&ldc. 


+    2K0U    -i-    211,0    =    2yH,    + 


rotaflflium 
pyrotartrat«. 


This  r{>>aotlon  is  analogona  to  that  by  which  the  fatty  acids  aro  fonoed 
from  th«  cynnid(«  of  the  luonatomie  aleoliol-rmtifit*:!,  C'nU;„-f i  (p.  0S6), 

(t.  Hy  thf  addition  of  hydn*),'<Ti  to  other  acids  MuilAiuing  a  smaller  pro- 
portion of  that  tdemout :  m  thiK  mAmier  saciiuic  add,  C\HfO^,  is  fori 
from  fumaric  arid,  C^lljO,. 

t>.  By  thtj  acUuu  of  heat  on  acids  of  more  complicated  structure ;  «, 


2C,H,0, 

=    3C0, 

-K 

2H,0 

+   t'^tt.o. 

Tan  aria 

Pyrotar- 

acid. 

taric  acid. 

k 


7.  Many  of  thcav  acids  are  proflnc«*d  by  the  artinn  of  poMerfiil  oxidi 
on  a  vari4?ty  of  organic  bodies  :  thos,  succinic,  adipir.  pimullc,  suberic,  and 
anclioio  acidft  art*  prodtioed  by  treating  various  fatty  and  rt^inons  Imdii^ 
with  nitriti  acid. 

The  urids  of  this  Bcries  are  solid,  urystallixahle.  non-volatile  bodice.  Coi 
the  most  part  eiwily  solnbh-  in  waltr,  and  hnv-ing  a  strong  arid  n'at-t 
Being  hibaaic,  tliey  form  acid  and  neutral  falls,  and  ooid  and  neutral  ethe 
thns 

::o.OH         p  „  ^o.oc.Hj         ^  „  ^x>.or,H, 

.OH  ^»"*\CO.OH  '"'"*'^-0.(X\Hj 

Siieolnle  Mctd.  Ethxl-iiicclnlo  Plcthj-llo 

add.  succtoate. 

In-likfl  nianm'r,  pach  arid  can  form  an  arid  amide  nr  ftmic  acid,  and  a 
ni'iitral  antulM  or  diaroide  by  snl>stitutii>n  of  amidojron.  Nil,,  for  one  or 
both  of  the  liydroxyl  groups,  also  a  neutral  iin  [  de  by  suljstitutinn  of 
biraicnt-radiole  imidogen,  NH,  for  Iwth  thesu  groups  tng«th^r  ;  thus: 

Siiorinn  nile  Suoeloamtde. 


^»^<*^o! 


1 


^t"4<vco.on 


Buc«ln«nilde. 
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til 


Tln-so  bibasio  adds,  wlitrn  hvat<Ml,  give  off  their  wai«'r,  and  yii-M  miliy- 
driiluA  which,  when  tioiled  with  w&Ut,  arc  ret-onvortcil  into  the  aclda  : 


c....<^C"" 


OH 


t^."*<i'^o 


H,0. 


Thv  anhjrdri(lt*fl  aro  alao  {irofluccd  b/  treating  tho  avida  with  pbimplio- 
rna  pentachluride: 

^t"4<<co.OH 


+    rci.  »   rci,o  +   2HCT   +   c,n,<[J^o, 


With  excMiaof  phMtphoruspentaohloride,  acid  chlorides  or  chlor 
anhydrides  aru  pruduotxl ;  thuu  : 


+     2PClj 


2FCl,0 


4-     2HCI    + 


ilo 


(C,0,)"(OH),.— Thia   important 


nK>H 
cld,C,Il,0,=  I 

COOll 

aci<l  exiKts  ready  furmed  in  uiaiiy  pUiiU  an  a  potassium  or  oalclnm  salt, 
and  id  j»rtKiuoed  by  thu  uxidatiun  uf  a  grt-at  variety  of  urgauic  uoxupouwla. 
In  souiL'  ca:ic8  the  rr^ivtion  oonsiata  in  a  dufiutlu  Hulwtitution  of  oxy>,vii  for 
hylruKfii ;  thus  oxalic  acid  is  fonued  fn»iM  uthone  alcuUulf  C,H,0,,  by  aub- 
Htitiitioii  uf  O,  for  11^,  an<l  fr</m  ethyl  alcohul,  C,HeO,  liy  the  name  sulwU- 
tatiiui  Olid  further  aildiliuu  fif  uut*  alum  of  oxygen.  But  iji  mfMit  on8<*s  tho 
roftctinn  ia  inort?  complex,  cuiiriiatilij;  iu  a  couijiU-tv  bn-akhig  U]j  of  the 
molw^uU'.  Ill  tliiti  ui.inntT  oxuliy  acid  ia  pruduord  in  great  abuiidAiice  from 
more  highly  cjirbouiic*!  organic  HiilistaiKes,  such  ns  »n^Ar,  tttarcb,  celln- 
ii«e,  etc.,  by  the  action  of  uitriu*  ucid,  or  by  fusion  with  cantttic  nlknlitT*. 

tJxnlic  acid  ia  alatr  pmduci^  :  «.  Aa  a  i>odium  or  potaaaium  sail  by  direct 
oombiualiou  uf  the  allcaU-uietjLl  with  carbon  dioxida: 


2CO,    4-     ^■l 


CO.Na, 


The  sfxliam  salt  ia  obtained  by  passing  carbon  dinxido  OTflr  a  heated  mix- 
ture Df  .todium  and  sand  ;  tbepotaaaium-aait  by  heating  potaaaium-amalgam 
iu  the  gas.* 

S,  As  an  ammonium  salt,  together  with  other  products,  in  the  decompo- 
sition of  cyanogen  by  wat«r  : 


C,N,   +    4n,o 


c,(Nnj,o.. 


>.  As  a  potaasituD  salt  by  heating  potaaainm  formate  with  excess  of 
I>iitaah  : 

r^f^wmtwn. — 1.  ny  lite  oxidation  of  sugar  with  nitrlo  acid  : 
C„H«0„    +    0„    =    Gr,II,0,    +     5U,0. 

Onp  part  of  sugar  is  pently  heat<»d  In  a  retort  with  8  parts  of  nltrin  acid 
of  *p.  gr.  1.42,  fHluli«<l  with  Iwic-  Its  weight  of  water;  oupious  ri-d  funiea 
are  then  ili^engaged.  and  th**  oxidaliim  of  th(>  sugar  prootiuda  with  rioleneo 
and  rapidity.  When  the  action  lilackena,  beat  may  bo  again  nppli>M  to 
the  vesBid,  and  l)i**  liquid  oonrenlraled  by  diatilling  off"  the  aniwrflunna 
nitrie  acid,  niilil  it  di'{M>!iita  crystals  on  oiwling.  Thesi'  are  drninH<|,  re<lis- 
soh'od  In  a  siaall  iiiiantity  of  huL  watt-r,  and  the  solution  is  »et  aaidu  to 
cool. 


*  Kalbo  ind  Drcchiel,  Chem.  Soe.  Jourofil  [3],  rl.  IZI. 
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3.  Ujrh«Btiilg  Mwdust  wlthcmustie  itlkuli.    Mtuiy  yesim  ago,  Gav 
obfterviM  thAt  wood  lUiil  HitvurKl  olher  organic  eulMtauot»  were  or>u 
jntn  nxaliti  Hcid  bj  fintiun  with  r-au«lic  puUuli.     C^wn   this  obs^rviiti 
Sltwant.  lb>brrtB,  t>alt*  6i  0.i,  Imvr*  found«>d  »  method  for  the  proparation 
oxalic  acid,  vhich  furiiUht'd  this  acid  at  a  much  chrAptT   rate  than  a 
uthi^r  pruci<-is.     A  uiixod  dulutiuiiof  the  h^vdrntfH  of  ituiliuiu  and  |x>ta»t»iQ 
in  the  prii|K>rtioii  of  two  iDolci'uluii  of  the  former  to  one  of  thf   Utter,  if 
evaporatiHl  to  a)H>ut  1.36  sp.  gr.,  and  then  mixed  with  sawdust,  so  a£  t'l 
form  a  thick   paste,  which    in  placed  in  thin  layers  on  iron  plate*.     Tbn 
mixtum  in  now  gradually  heated,  care  bt^ing  taken  to  keep  it  orinstan 
etirred.     Thu  action  of  heat  cxpehi  a  4uaulity  of  wMtt*r,  and  the  maas  i 
tumi^ceK  fttrongly,  with  disengagement  of  much  inllummuble  gaa,  ouiift 
ing  of  hydrogun  and  carburettiHl  hydrogen.     The  mixture  is  now  kepi  fi 
■010*1  hour*  at  a  tempt-raturo  of  '2i*4^  ('.  (41H^'  I*'.),  care   l>etti^    taken  tO 
aroid  charring,  which  wouhl  causu  a  Iosh  of  oxalic  ticid.     The   produ 
thus  ubtaine<l   iH   a  gray  powJer  ;   it   ix  now  treatinl  with  wator  at  aUiUf 
15.50  c.  (till-J  F.),  which   leaves  tho  sodium  oxalate    undii4.*ioive<l.     The 
supcraaUinl  liquid  is  drawn  off,  evaporated  to  dryntws,  and  ht'a1<Hl  in  fur- 
nacw   to   reoiver   the   alkaliuit,  which  are   caustineil   and    naod  fur  a  upw 
operation.     The  sodium  oxalat«  is  waabod  and  decomposed  by  boiling  with 
slakinl  lime,  and  the  resulting  oalvitim  oxalate  is  dccom(*osed  by  means 
sulpliurii'  acid.     The  liijiiid  dt:canted  fruin  the  calcium  sutpliato  is  evai 
rattfd  to  oryritalUzatiou  in  luadou  vessela,  and  thu  crystals  are  purified 
re-4!ry8tallization. 

Oxalic  acid  iwparatefl  from  a  hot  Stdulion  in  colorlesit,  tranftpnrent 
tals  derivtyl  from  an  oblique  rhombic  prism,  and  iwnsuiting  of  C,I1,0^.2H|0^ 
The  two  molecules   of  crystalUzation-water   may   \m  expelled   by  a  ve 
gentlu  heat,  the  crystalit  crumbling  down  to  asoft  white  powder,  oonaiJti 
of  Anhy<lrou8  oxalic  acid,  C^HgO^,  which  may  W  uublimiMl  in  great  meas 
without  decomposition.     The  crystallixf'd  acid,  on  the  iwmtrary,  is  deoom- 
pf»sed   by  a  high   tttinperaturo  into  formic  add,  carbon    monoxide,  and 
oarbou  dioxide,  without  luaviug  any  solid  residu«: 


atyi.o. 


CH,0,    +     CO    +     2C0,    +     H,0 


The  crystals  of  oxalio  acid  dissolve  in  8  parta  of  water  at  15. 50,  and  in 
thoir  own  weight,  or  U^ss,  of  hot  water  :  thvy  an*  also  auluble  in  Rpirit. 
The  aqueous  solution  has  an  inteiuiuly  sour  laaUi  and  mo«t  ^Miwerfnl  acid 
reaction,  and  is  highly  ixusunous.  The  profH?r  antidote  ta  chalk  or  majf- 
niflia.  Dxalic  acid  is  d>'iM>m]>rMcd  by  hot  oil  of  vitriol  into  n  mixture  of 
carbon  monoxide  and  carlwm  dioxide  :  it  is  slowly  ix>nverte<l  into  cartionio 
acid  by  nitric  acid,  whence  arises  a  considerable  l<»ss  in  the  process  t)f 
manufacture  from  sugar.  The  dioxideai  of  lead  and  manganese  effect  lh« 
same  uhaiige,  becoming  reduced  to  monoxides,  which  form  salts  with  thv 
uualturod  acid. 


Oxalates  .^^xalic  aoid,  like  other  bibasic  adds,  formi*  with  monatomlo 
metals,  neutral  or  normal  salts  wjntaining  t^(M,«\,  nod  arid  smalts.  t\HMO,. 
With  ixitasxiutn  and  Ammonium  it  likewise  forma  hyper-arid  s-ilts,  <•.  <?,, 
C,HKO^.(\H^O^,  or  C,H.,KO..  With  most  diatomic  metals  it  forms  only 
neutral  salt^j,  C,M"0,;  with  barium  and  strontium,  however,  it  forms  acid 
sails  anali>gous  to  the  hyper-acid  oxalates  of  tho  alkali-metaU.  It  also 
fitmis  numerous  well-orystullixcxl  double  salt^.  It  is  <me  of  the  strongtvt 
auids,  deoompooing  dry  srKlium  chloride  when  hcatetl,  with  evolution  of 
hy-lrnchlorio  acid,  an«l  converting  sodium  chloride  or  uitralo  in  aqueona 
solution  into  acid  oxalate. 


OXALATES, 
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The  oxalatea  of  the  alkRli-mntriN  ar(»  nolublr  in  walpr  ;  thp  rest  are,  for 
thi'  most  part,  InBolulile  i»  wattT,  but  soluhk*  in  dilute  acid«. 

All  oxalatvH  are  dt'couijioHt^l  \ty  livat.  The  uxalates  uf  Uie  alkali-iuwtalH 
ADd  Al.ao  (tf  tho  alkalinLf  earth  uititAla,  if  not  too  Htrongly  heatt->d,  give  nfT 
carbon  iiionoxidu  and  leavi*  carbonat(?a.  while  the  oxalate*  of  thoBo  iut*tnls 
wh<)«e  carlionatrh  aru  dL-compijAed  Ity  hvat  (zinc  and  magnvsiuni,  for  cx- 
amplt')i  £'v^*^  "^  carlMjn  moiioxide  and  carlton  dioxide,  and  leave  metallic 
uxidua.  The  oxalates  of  thu  uior*.*  easily  r'Nlnuible  metala  (•ilver  and 
ouppur,  etc.),  give  off  carbon  dioxide  and  leave  tho  metal :  the  load  ha  It 
leaves  suboxide  of  It^ail,  and  gives  off  3  voltuoes  of  oarbutt  dioxide  to  1 
voliuno  of  carbon  monoxide  :-- 

2c,pi)r),   =    phjO   H-    3C0,   +    CO. 

OxalnU'a  heateJ  with  jw/pAunc  «r«/ give  off  carbon  monoxide  and  diox- 
ide^ and    leave   a   re«idti<]  nf  Hiilph.ite.      In    this    cose,  as  well   a»    in    tho 
d«'ti(tmi>osUi«n  by  heat  alom\  no  »e]>aratit)n  of  carlton  takes  place,  and  con- 
ae4|uently  the  retddae  does  not  blat-keii  :   tliiii  character  distingui»hei)  thd. 
oxfllntca  from  the  Halt8  of  all  other  earbou  oeidti. 

OxftUo  add  and  the  soUiblo  oxnlaf^  give  with  cainnm  chhritfe  «  preclpi- 
tjite  uf  ualeiuni  oxalate,  JnHoluble  in  water  and  in  acetic  acid,  but  soluble 
in  hydro<-hloric  and  nitric  oi-id.  This  reaction  afTorda  a  very  didioate  test 
for  the  pn-Mpnce  of  (txatic  acid  :  the  iiwolubility  of  the  precipitated  oxalate 
in  acetic  acid  distinguiehea  it  at  onuc  from  the  phottphat**. 

PivTAWiPB  OxALATBH. — The  nmtml  mlt,  C,K,0^.2Aq.,  prepared  by  nen- 
tralizing  oxalic  acid  with  potoHHium  carWinab*,  cryHtallJEeit  in  transparent 
rhonibio  prlHms,  which  bct^nnc  opaque  and  anhydrous  by  heot,  and  dis- 
solve in  3  parU  of  water. — The  aciiJ  oxalate  or  bi»oxultite,  (',HK0,.2Ali., 
SduietimeH  calliHl  i^itt  of  Sorrely  tTftni  its  occurrence  in  tlint  plant,  is  found 
fit!^o  in  other  species  of  Rumex,  in  OxatU  arntosfJla,  an<I  in  garden  rhubarb, 
a88(>ciate<l  with  malic  acid.  It  is  ea-sily  prepared  by  dividing  a  tioluliDn  of 
oxalic  acid  in  hot  water  into  two  rt|nAl  portions,  neutralizing  one  with 
potassium  oarltonate,  and  adding  thu  uther :  tlie  salt  orystallixes,  on  cool- 
ing, in  colorbfHS  rhombic  prisma.  Tlie  ory»taU  have  a  sour  taste,  and 
require  4<»  parts  of  cold,  and  ti  of  boiling  water  for  solution.  A  solution 
of  this  salt  is  often  used  for  removing  ink  from  paper.  The  ftt/prr-orifl 
oxalatr  or  f/iim/roj-H/a/e,  C,KHOjA'jH,Oj.2Aq.,  is  prepared  by  sntnrntinj;  1 
jmrt  of  oxalic  acid  with  jKttaKHium  carlionate,  and  adding  3  ports  of  oxalic 
aoid.  The  crystals  are  triclinie,  and  dusolre  iu  20  parts  of  wat«r  at  20O 
('.  (d^w  K.)- 

SofliuHt  osnJatf,  r,Na,Oj,  is  slightly  soluble  and  difneiilt  to  cryatalUae. 
The  acid  sait^  CKUNaO^,  forms  crystals  which  redden  litmus. 

AMMOHim  Oxalates.— Tho  neutral  Malt,  0,(NH4)jOj  -+•  2Aq.,  is  prepared 
by  neutralizing  a  hot  solution  of  oxalic  acid  with  ammonium  carlmnate. 
It  cryHtaUizt*«  iu  long,  colorless,  rbnmbic  prisms,  wliich  ••fHorescv  in  dry 
air.  They  are  not  very  soluble  iu  oold  water,  but  dissolve  fr««ly  with  the 
aid  of  heat. 

The  dry  salt,  when  heated  in  a  retort,  gives  off  water,  and  yields  a  sub- 
limate of  oxaroide:* 


(r,n,)  (ON  H),        = 

AmmoDtucii  nxnUte. 


(CA)(NH,), 
Ox  amide. 


Wlien  distilled  with    phosphoric  oxide,  it  gives  up  four  molwnUeri 
*  S«c  the  Chnpter  on  AmtUes. 


A 
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wftliT,  &u<I  yioldif  M  con^iMfraMd  ijunnlity  of  oyttuog^-n,  C,(Nn^),0,« 
•til/f  —  'li'S.     Other  pruiiuctd  iiru,  howevur,  furiutMJI  al  tixt^  aame  time. 

Aeiil  titnmQnium  ojoUite  or  ftiwjttiate,  Vj\\('SH^)0^  +  Aq.,  is  s-lill  1( 
Kiiliililt?  tliAU  tlin  noutral  i^alt.  \Vhi*n  tuatt^  in  an  uil-listh  tu  23lOi 
(:i31).(P  F.),  it  liwfs  ouv:  luuluuulf  of  water,  atul  .ricMs  oxuxaic  Aciij 
t:,H,NCV  or  (C,O,)(01i)<NII,),  and  other  producU* 

CALCirH  OscAtAxa,  C,CaO(  -f  -lAq. — Thia  salt  occurs  in  the  Jnic«  of  i 
)ilanta,  and  (t<<|uirates  ntit  tuwarda  tiu«  uud  of  tht*  growing  seaxtin  in  xnic 
btxipie  oi-iolkodral    crvslAls ;    fl  la  also  a  frequent  eonHtitu»>nt  nf  urini 
dt'iHi!tit.tf  and  cnlouli.     It  is  formed  whenever  oxnliv  at*id  or  an  oxalate 
added  to  a  «cp|ut>le  calduui  Halt ;  it  fatia  a3  a  nliite  powder,  which  ac^ui 
dt>n»ilv  by  l)oiUng>  and    is    but   little   soluhte  in  dilute  hydrtK.lilnnc, 
quite  insoluble  In  iK^etiu  acid.     Nitrie  uuld  diKt»olr(>9  it  easily.    When  dt 
at    ImiO,  it  retains  a  molecule  of  water,  wliieh    may  1h*  drjren  off   by^ 
rather  higher  temiH-ralure,     Kxpfwed  to  a  red  heat  in  a  cUwe  vessel,  it] 
converleii  into  cnlciiuii  ir.'u-Uniate,  with  eHcaptt  of  cnrljon  nxmoxide. 

The  oxalates  <>f  borium,  nwc,  mumjaneAf^  co/ifttir,  nivMrJ,   fofntit^  and  /> 
oxri/d/f,  are   nearly    iu8ulubte    in    water:    muijtttsitim   oxalutr    is    sparini 
Bolublo  :  /errieoiatate  is  freely  aoluhle. — fhf 1 1 wo-chr ami coja fate,  KjC>(('j<>- 
4-  3Aq.,  prepared  by  dinsnlving  in   liul  wnter  1  part  of  pota*.sium  biih 
taatt^j  2  partit  of  jMitiasiuin    himoxalate,  and  2  parts  of  crystallized  oxi 
a<.nd,  in  one  of  the  most  beautiful  salts  known.     The  crystals  appear  bUclT 
by  reflected    light,  from   the   iiUeiisity  of  their  wilnr,  which  is  pure   deep 
blue:  they  are  very  soluble.     A  wjrrejtpondin^  jHttmuio-fr.rnc  oxtUaU  has 
K'tjn  formed  :  it  <;rystAHiiGe&  fret:ly,  and  has  a  fine  grenu  color. 

Btrtl  Oxalates. — The   urutml  njiilatt,  or   Oralir  tthtr^  ^i^^iC^i^^), 
CjO/OCjIIs),,  is  most  easily  obtftined  by  distilling  together  4  parts  of  i^pt 
slum  binoxalate,  5  parts  of  oil  of  vilriol,  and  4  parts  nf  strong  alctdio 
The  tlistillatiitn  may  he   pusln-d    nearly  to  dryness,  and  the  reeeiver  kepi 
warm,  to  dissipate  any  ethyl  oxide  that  may  be  formed.     Tlie  prwluct 
mixed  with  water,  by  which  the  oxalic  ether  is  separatwl  from  the  nn 
tHinipnsed  spirit:  it  iw    repeatecily  waMuHl   to  remove  adhering  acid, 
rtMli^tillud  in  a  small   retort,  the   first  portion   being  collected  apart  and 
rejeelrtl.     Another  very  simple  process  consists  in  digesting  eqnal   parts 
of  alcohol  nnd  d<>hydrntiHl  oxalic   acid    in  a  flaak  furnished  with  a  long 
glarts   lube  in  which  the  volatiliKiiwI   spirit  may  comlense.     After  six  or 
eight  hours'  dij;p«tion,  the  mixture  generally  contains  only  trac«a  of  ul 
etherifti'il  oxiilir  acid. 

Pure  oxali''  ether  Is  a  colorless,  oilv  liquiil,  of  pleasant  amrnatic  od 
and  1.09  siwcinc  gravity.     It  Uiils   at'  183.8^  C.  (3(J-2.8-  V.).  is  but  litll 
Koluhle  in  water,  and  is  readily  decomposed  by  caustic  alkalii-s  into  a 
lallic  oxalate  and  abudiol.     With  solution  of  ammonia  in  ezwss,  it  yi 
oxamide  and  alcohol ;  thus  : 

(C,0,)(OC,H,),     +     2NH,     —     2(H0C,II,)     +     (C,0,)<NII.), 

This  Is  the  b*wt  proci»»H  for  preparing  oT«mid<». 

When  dry  gaseous  ammonia  is  contiucled  into  a  vi*8*»l  containing  ox 
ether,  the  gas  la  rapidly  alisorhed,  and  a  white  solid  snlwlance  produ 
which  is  soluble  in  hot  alc-ibol,  and  scparatt^s  on  c(H>ling  in  ddorb'ss.  trans- 
parent, Bcaly  cryatala.  Thry  dissolve  in  water,  and  are  l»oth  fusible  and 
volatile.  This  snbatazioe  ifl'oxametbane,  the ethylic  ether  of  oxomio 
»cid.» 

•  Seethe  t'hipterou  Amides. 


■0 

lioh 
epl 


OXALIC    KTUEKS. 


745 


The  •fiai«  substanoe  is  formed  when  ftmmoolA  In  snuU  quantity  u  addi*(i 
to  a  Holiition  of  oxalic  Rther  in  alcohol. 

WhL*n  oxalic  Hhor  is  treated  witli  i<xousa  uf  drr  oblorim*  in  sunshinf*.  a 
white,  oulorluits,  crystalline,  fusible  hudy  is  produced,  inAoluMvi  in  water, 
and  inslantl,v  dveompofted  bjr  alcohol.  It  oonsiBts  of  perchlorethy  Uu 
oxalate,  Cgt*l,„0„  or  (C,Cl4),C|0^,  or  oxalic  ether  iu  which  the  whole  of 
th«  hydrogen  is  replai^  by  cliUtriutf. 

Bthyl  oxalate  ia  couverttid  by  potassium  orBodlum  Into  vthyl  carlx)nat«, 
with  evolution  of  carlwn  monuxidu  :  C-,(C.,li(j),Oj  sk  t'(t*,ll(,),0,-4-  CO  ;  but 
thf<  r>*Actiun  l.t  coinjilicAttil  by  tli4^  forinaLion  of  hi*V(ta1  otlior  protlucU). 

When  ethyl  oxnliitu  in  agitAtv<l  with  tf«Hlitiiu  ainul^aw  in  u  veasvl  ex- 
ternally cooled,  a  prcxiuct  iit  obtaine<i  which  18  fuparaled  by  eiher  into  a 
Aoluble  and  an  insolublt^  portion,  the  latter  con^istin^  of  ferniontablc  sagar, 
U'gether  with  itodium  nxalnte,  and  at  Ifost  one  other  iKxliuni-salt,  while  tliu 
ethereal  solution  yiebU,  by  H^HinlantHius  «%'a{H)rA(ion,  rrybials  having  the 
coiupir^ition  C|,H|,08,  and  ocuirfirtting  of  the  ethyliu  ether  of  a  trilwHic  acid, 
Cgll^t).,  called  dMOxalie  acid,  because  it  is  produced  by  deoxidatiuu  of 
oxalic  acid;  Br,H,f),  +  SH,  =  iJC'^UjO,  +  4H,0  ;  aud  raccniocar  boulo 
a  Old,  beoaUAe  it  confnliis  the  eU'ml>lltI^  of  raceinic  acid,  C^ll/),.  and  e»rlHui 
dioxide,  CD,,  and  is  resolvtNt  into  tlm^ti  two  c^inipotiiidK  when  its  ft(|Ueous 
solution  is  heated  in  a  seaUil  lulie  with  a  small  quantity  of  sulphuric  add. 
The  (b.x^umiMisitioa  of  ethylic  nxalute  by  sodiuiu  aiualgaiu  has  not  lieeu 
completely  investigated,  but  the  formation  of  dcoxaliu  acid  and  gluoose 
may  be  represented  by  the  e^UAtiou  : 

8C,H,0^     +     UH,     B     2(:4H40g     -(-     C,H„0,     -f     10H,O. 

Ethyl  oxalate,  treatwl  with  ziuo-ethyl,  anri  aAerwards  with  water,  yields 
the  ethylic  ether  of  diethox.ilic  Oiiid,  CJi,C(',Hj)/->j,  and  similar  pruduuls 
with  zinc-methyl  and  ziiic-ainyl  (p.  714). 

Acid  ethyl  oxalate,  or  Bkyloxalic  acid,  CjHCC,!!^)©^,  or  C,0,<^y*"»  ,  is 

obtained  aa  a  potassium-salt  by  adding  to  a  solution  of  neutral  ethyl 
oxalate  iu  absolute  alc«>hot,  a  quantity  of  aleohulic  potash  l<«s  than  snA- 
oient  to  convert  the  whole  into  potassium  oxalate  and  alohol  ;  on  dissolv- 
ing thiti  salt  in  hydratitd  alcohol,  carefully  saturating  with  suliihuric  acid, 
and  neutralizing  with  uAr)Kiimt«j  of  l«*a<l  or  barium,  the  ethyloxalate  of 
lea^l  or  barium  is  obtained . — The  acid  ititelf  is  prepared  by  dcicomposlng 
either  of  these  saltti  with  sulphuric  acid  ;  but  It  is  very  unstable,  and  is 
decomposed  by  concentration  into  alcohol  aud  oxalic  acid.     The  tutlussinm 

$filt,  ^Pi<^y^  * »  forma  oryataltine  acaloe,  which  begin  to  decompose  to- 
wards ltK»^. 


Mbtbtl  Oxaultb,  CjCCH,)  A-  "*•  C,0,(OCH,),,  is  easily  prepared  by  dis- 
tiUiug  a  mixture  of  e<tual  weights  of  oxalic  a<'id,  wood-npirit,  and  oil  of 
vitriol.  A  spiritous  liquid  colleota  in  the  receiver,  which,  when  exposed 
to  the  air,  quickly  evapiirales,  leaving  the  methyl  oxalate  In  the  f(*rm  of 
rhombic,  transparent,  crystalline  plates,  which  may  be  puriHed  by  pres- 
sure between  folds  of  bibiilciig  paper,  and  redistillefl  from  a  little  nxi-Ie  of 
lead.  The  product  is  colorless,  ami  hoM  thecnlorof  ethyl  oxalate;  it  melts 
at  510  c.  (la-^.HO  K.),  and  Iwil^  at  Kilo  C.  (321, Scp.);  dissolves  fr.rly  in 
alcohol  aud  wood*Hpirit,  also  in  water,  which,  however,  rapidly  decnmiMWea 
it,  esjjecially  when  hot,  into  oxiilio  acid  and  wiKKl-spirit.  The  alkdliue 
hydrates  Bff«:t  the  same  change  even  more  eaj«ily.  Solution  of  ammonia 
ouuverb*  it  into  oxamide  aud  methyl  alcohol.     With  dry  ammouiacal  gas 
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it  jrields  methyl  oxamato,  or  oxjUDetbylane,  ^i^s^n^    r  ^  vhile, 
nilieUnoe,  wbiob  cr/BlalliiM  from  •Icobol  in  pearl/ «abos. 


BmraB  OxAUkTB,C,0/C,HJ,or  (C,0,)(C,HA)  "P 


prtArs  l*">  be  formed  by  ibe  oclioji  of  Athene  br(»ini<l*i  on  silver  nxalnte 

Ciutu'ly  rulalod  to  iixalic  acid  are  g  I  y  o  x  y  I  i  c  acid,  C,U,U,»  aud  g  I 
o  X  a  1 ,  C,H,0^  which  may  be  rcgardod  oa  aldvhydio  dcrivatires  of  ox*ll« 
acid  or  of  glycol : 

CX).OU  COH  COH  CHgOH 

cn.im  OMJH  con  rn/)H 

Dxnllo  Olyoxylio  Olyoxal.  OlyooL 


if 


Acia. 


Both  are  fomied  aa  intermediate  prodarts  in  the  oxidation  of  glycol, 
arc  couvtjritMt  by  furtbtir  oxidation  into  oxalic  aaid  (twu  Au»bhtdiS| 
(i73). 

Malonio  Acid.  C,H,0,=sCH,<^f['^  .— Thia  acid  is  formed :  V 

By  gradmil  oxidation  of  S-propeno  glycol : 


+    o,   = 


cu 


also  by  oxidation  of  propeno  and  allylene. 

2.  By  oxidizing  malic  acid  with  chromic  add  mixtare: 
CH,.CO,H 

CHOH  +     0,    =    CO,    H-     H,0    -h 

CO3H 

3.  By  decomposition  of  harhitnrlo  nrU\  CMalnnyl-nroa:  9w  Amidbs] 

4.  Synthrtioally  by  iliu  action  of  alkiilii'«  un  cyanaculic  acid,  b«tt«r,  on 
its  tilbylio  ether : 


CO,H 


^^<CO,H 


-f     211,0    =    NH,    -f 


^^<f^^- 


Bthylic  monnchloracctate  is  hentod  with   solntion  of  potassium  cyan 
and  \he  product  is  boih^l  with  potash  as  ion;;  as  it  continues  to  pive 
ammonia.     The  alkaliiu*  solution  is  llu>n  auidulatod  with  Hulphuric  acid, 
and  tlio  frC('  malonif  a*  id  extracted  by  ether. 

Malonic  acid  (.TyMtallixes  in  Inrgu  rhomboheilrnl  plates  ;  dissolvee  osailj 
in  water,  alwhol,  and  ethf r ;  uu-lu  at  132^  C.  (2ti;».0^'  F.)  ;  and  dew 
poses  at  a  higher  temperature  into  acetic  acid  and  carbon  dioxide. 
barium   salt,    CjHjBaO,  -f-  11,0,    fnrmti    silky    netMllfS.       The   caUcium 
4{.^,H,CaOj -|-  7HgO,  is  very  slightly  soluble  in  cold  water. 

<fr\  u 
Co'h    •  '"^""^   '»7  beating 


Inric  acid  (7.  v.)  with  alkalies,  uryitallizoR  in  shining  neo<]le«,  eaally  soluble 
in  water.     Whuu  heated  it  melts,  and  ihun  expludca. 
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m 


AmidomaUnic   Acid,    CH(NH,)<[^^^»[j  ,  produced  by  the  action  of 

sodiutn-Rinalgiuu  on  ih«  nitrcwo-acid,  forma  shilling  priauu,  which,  wbi*n 
heated,  are  roaoWud  iuto  carbou  dioxido  aud  auiidac«Uc  acid,  CI1,(>'U^— 
CO,H. 

HxaoxALic  Acid,  C,H,0,sb  C0<J^>..  . — This  kutonio  a«fd,  derived  from 

nalunic  acid  by  suhBtitutiou  of  O  for  11,  in  the  group  CQ,f  ia  produced  by 
oxtdiiing  amidiiuialouic  acid  by  uiejuui  uf  iudioo  id  an  aqaeooa  solution 
Gontainiug  potoMiam  iodide: 


4 


CH(NI10<^O.H     ^.     o    =     NH.     +     CO<:J«|H: 


ftlso  by  boiling  alloxan  (mesoxalyl-urea  q,  p.)  with  alkalies 
-I-    2H,0     =    C0<^|[«      + 


co<53{jzi;S>co 


AUoKftO. 


Urea. 


McBOXKllQ 

acid. 


Meaoxalicacld  nrystalliiesindoliqueaceiit  prisms,  containing  I  mol.  water, 
eaxily  soluble  in  alcohol  aud  eth<*r.  It  mnlta  at  U50  C.  (23UO  F.)  without 
giving  oir  its  water  of  cryHlallization,  and  dooouipost^s  at  a  higher  tempe- 
ratiirt).  Tlie  wst»T  appears  thfrt^fore  to  bo  vt-ry  intituntcly  coiiibini'*!,  pro- 
bably in  the  form  reprtiuenled  on  the  right-hand  side  of  thu  following 
equation : 

co^^olU  +   H.0  =  c(ou),<^'2|n . 

The  mctaUicr.  mwoxalates  and  tho  pth/Hn  elhiT  also  contain  1  mol.  walor 
very  ittiiiualiOy  oombiutvl ;  tho  otlur  jirobably  hn»  tho  mnptitution 
C(()H>f(rfV,H^>-.  The  bariun  utit,  C'jWnOj-t-  l|H,o,  in  u,«iirly  insolublH 
in  wHt*'r.  TliL'  silver  mlt,  ^^jAgjOj-f*  ^^i'*»  **  ^^^  amorphous  powd<>r,  which 
blat;ki'ns  on  exposnrft  to  light,  and  Is  de(xiuipos«j«l  by  boiling  witii  water 
into  mmoxalic  acid,  metallic  siU-rr,  silver  uxalato,  and  c-»rlion  dioxidtt. 
By  the  action  of  sodium-amalgam  meaoxalio  aoid  is  oonvurted  into  tar- 
tronic  atiid: 


4 


Succinic    Acida, 

are  two  mcKlificatious,  vis. 

cn,.co,H 


+     U,     =     CH(OH)<CO,II  ^ 

C.HjO^ »  C,II.<^'}{    .—Of  these  acids  there 


CH, 


.CO,H 

SucoIdIc. 


CH..cii<::JJ];S 


Xioiueetnic- 


r 

cn,.cN 


1.  Ordinary  Bncclnlc,  d-Saccinio,,  or  Ethene-dlcarbonio  Acid, 
is  product.'d  : 

1.  By  heating  ethenn  cyanide  with  alooholio  potash  : 

CH,.CN  CII,.CO,H 

'  +      4n,0      =      2NH,      +       I 

cn,.co,u 

2.  By  conv<>rting  A  iwlopropionic  acid  into  the  corresponding  oyanoges 
derlTative,  and  deoorniKwing  Iho  latter  with  sikalivs  or  acids: 

CUrCN— CHg— CO-H  +  211^  «  KH,  +    CU..CO.H 


^& 


uoelDle  scld. 


MIC   AS»   Blft^nC   A 


1.  tjtW 

auMc  M«4,  «r  !«• 

■Mite  mo.  t\iyv  ■* 

nclM  or  lodlM. 


lcr«iAi 


■«^»« 


t»  tw 


m4^  CJUOy  MMl  Uftrir  icl  r 
IbrmMiMi  from  bst/fie  mU  h 

tfoNHaie  MM  •«(«»  rMid/  ft 
TriiMl-TT'lj  la  tk«  mimsl  m^iii'wi      By 
la  uulwit  iiijil^li,  wlikk 


Mabir  fatna  nBU««a,il 

■»'  •■  •vtmin^  la  uu»wp»  i'U vbmi  h*^  vr  yaiMiil  ty  If  !■  iit 

vA  aHfte  Mta  mmI  rBCfy%tiHtittfaw  frcn  bsilsBg  water.  U  ft^  hg»»T^» 
aw>» aJTaati^mml/  p>^^a«^  by  th*  farm— tatiow cl  mUic  a«i*>  tWcradt 
wJilaw  witlii  wlitiinrrl  hj  nftntiiim  tli^  jaini  iiTwianliia  till  Wniia 
villi  chalk  or  •lakcdlhwMavaMd  far  llMpapaae.  Tha  salt  a  i^^sU  la 
Mnarnbunjarwith  wftt<^  and /«art,  or  Atcaytay  rliana^,  aaJ  faft  Ibr  a  If 
4«y«**^(l^^^'^''-  (^»<^^104^F-):  the  ealaiua  aaeciBate  tliMoktalaad 
to  4aMnfMMd  bjr  flilnO*  siilpUaric  acid ;  xud  Uw  taOTiaie  acid  i» 
^a7*l*lt>''^ti'">  'f'^"<  K^Ktc-r  and  by  «aUiaiatiMi. 

SMriak-  oi-i'l  i:rvKUlUi««  in  eolorlaa,  mnancllnto  pifteM,  wbkft  diiantTtt 
la  S  parti  ol  waur  at  20O  C.  (6^°  P.)*  >nd  in  4  part*  of  boiliag  vairr : 
M  Brito  at  iMrJ  C.  (35«0  K.).  jutd  boili  at  23£^  C.  (-t55>^  F.),  at  tii«  »«>« 
tto»  aailrri^tag  (le<viinpi»HUion  into  water  aad  aaccinic  oxld«  or  «d- 
bydrid*.  C\H,n,.  or  (C,{I,0,)0.  Tlie  ituae  oompooad  is  funu«d  hy  Utr 
of  phAaplturiu  ptrntauhloridtf  on  Aoouinio  acftd : 

+     PCJ,    =     POCl,    4-     2Hn    +    C.H,0, 


C.H/>. 


tha^^ 


tw 


«  wbtltf  maas,  1k»  ioluble  in  vat«r,  bat  more  8oinbl«  in  alcohol 
ittK  arid. 

■fid,  beinjT  bibuic,  fomw,  with  monad  metals,  wHd  and  neutral 
tttd  f\|{jM.O,,  and  with  dyad  uir'tnU,  neutral  aalUtoootaining 
UmI  acid  dalta'c\H^M"04X\li40«.— Thoro  an:  also  a  frw  double 
tttfeal  basic  iftt<l-9ialU,  and  a  hjrperarid  |>i>ta9i»ittm-«alt. 

of  the  alkali-mttuU  are  eaail/ anluM*^  in  wat^r.     The 
C^H^CaOi,  is  Bpariiigly  soluble  in  water,  and  fivparates  from 
B4«V4sr<H  with  3M.O,  snd  fn>m  a  hot  Holution  with  IH,0.     Cm  add! 

T'le  solution  nf  a  ferric  salt,  a  basic  forrio  suocinate 
a  ^kl^M  I'sh-bruwn  precipitatp. 

y^ytli^'-    %.,.!  )»  .(i«iiin;uishMl  from  bcnznic  aci.l  by  not  belnp  procipitated 
^MMfe  Vha  «4abt*  mIM  hy  mineral  acttls,  and  by  furmin^'  a  whilo  prvoipiiate 
%kki  Wi<M«a  v^Kv^^   ■^"  "'Miti^'ii  of  nlcthol  and  ammonia. 
^A|Mb  iM^«)«i*K  *  'U)]*  obtAint<d  by  the  action  of  hydrochloric 

fg±J  ".^k   ...    ^^svivs-i  \  .if  Hacctnic  acid,  is  a  thick  oil,  in^oluhlv  in 

^^  ^••(k  irravity  of  1.072  at  OO,  and  boiling:  at  aitPC 


$ 


:  m*d  bv  thn  actlnn  of  PTI^  on  rxc«^s 
.  .(  at  (io.  and  l>oils  at  WPC.  (Ilt4<^  F. 
~  1  lie    monn-  and    di-brnminattHl    nritU 
I  with  bromine  and  watt*r  in  sealod  lubes 


>  '   V"^^ 


SUCCINIO   ACID. 
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A/ono6raiiioffiiecui(<:  add,  C,H,Br(CO,H),,  which  Ib  tbn  obief  product  fbrraod 
wh'_>n  a  larf^e  ({uautit^r  of  waier  in  used,  cryst&llUea  in  nodulnr  groups  of 
Blf'u.lcr  ii.'e.ll.*f,  caMily  unliihltt  in  wftWr.  ]t  melta  at  ItWiO  C.  C32<»o  f.), 
ffikiiig  uS  llUr,  and  binn^  amrerUHl  into  funiario  acid ,  Cill^O^.  By 
boiling  with  aiiror  oxidr  and  water,  it  is oonvortod  into  ox/b  uociuio  or 
malic  acid.  C,U,(OU)(CO,H)^ 

iJthrnmomu-jiinic  nciii^  C,ll,Br,(ltO,II)„  14  alto  formed  b/  dir«ct  emnbina- 
tiou  of  fuQiaric  acid  with  bromiutj : 

CH.COjH  CHDr.CO,U 

II  -f         Br.         =         I  : 

Cn.CO,U  CIIUr.COjH 

further  by  heating  succinyl  chloride  with  bromino,  and  dooomposing  the 
resulting  dibniiuuHuccin.vI  chloride,  C,H,Br3(C'l>C'lj,,  with  wat«)r. 

Tliis  acid  oryKtallixe«  in  prisma,  apariugljr  aolubld  in  v^Ad^  more  tneij 
in  hot  water. 

lu  saltii  are  de«omiioa«d  hy  boiling  with  wat«r,  the  sllrer  salt  yielding 
dioxyauocinto  or  iuactivt^  tartario  acid  ;  the  aodium  salt,  mouobrouumalio 
Otitd ;  and  the  barium  aatt,  uiouobromomaleic  acid  ;  thus  : 

2AgBr     -I- 


C,H,Ag,Br,0^    4-     2U,0 
C,U,Na,Br,0<    +     H,0 
aj^UjUoBrjO^ 


Art«rU'  Aold. 
NaBr     +     C,II,NaBH\ 

finimomtlatc. 

BaBr,   +     <C,H,BK),),Ba 
Bro  mo  males  te. 


Ethtic  d!bramantceinatt,  C.H-Br/COgCjH^),,  melta  at  fiSO  C.  (I36.4'3  F.), 
and  UiiU  at  14C'=^150O  c.  (2tt4'-^-3():^^  F.). 

Sulphosuocinic  aoid,  C,H3(S0,ll)(C0jH)„  Uatribasic  acid  formed 
by  dissolving  succinic  acid  in  fuming  aulphuric  acid,  and  by  the  combina- 
tion of  fumario  or  maluioacid  with  the  add  eulphitea  of  the  alkAli-metals. 

laosnooixilo  or  Ethidene-dicarbonlo  Aold,  ^i^^— ^'^KCco'h  ' 
ia  prepared  from  a-ohlortipropiuiiic  acid,  through  the  medium  of  tlie  cyano- 
gen-duriv&tivu : — 

H,C-CH<JJJ^,j    +    2H,0    =    NH,    +    H.C-<;iI<;^2^g . 

It  cannot  bo  prepared  from  cthldone  dlbrnmido,  H,r — CHBr, ;  for  on  heat- 
ing this  comiHJund  with  jiotatisiiim  oyniiid*^  and  an  iilknli,  n.  ninli^'ular 
tran!«p(Milinn  takofl  pUctt,  ri*iiulting  in  the  formation  uf  ordinary  or  othene- 
auceinic  afid. 

littMuoeinic  arid  crystallUeB  In  ne«d1c!S  soluble  in  4  parta  of  water.  It 
rotdtj)  at  130OC.  (2tJ<PF.)*  and  is  resolved  at  higher  temperaturea  into 
propiouio  acid  and  carbon  dioxide  : — 

CHr-CH(cn,H),    =    CO,    -|-    CHf-CH,— CO,H  . 

Tbf*  name  d^<«mp"sttIon  taVifi  place  on  hnaling  the  .told  with  water  aliove 
IfXlO;  in  fart,  this  mrvic  n(  d<>mmpfmition  intn  CO,  and  a  monocarbon  arid 
la  eharacterlfitic  of  the  dicnrlx^n  acida  In  which  the  two  carboxyl  gmupa 
are  attached  to  one  rartxin-atntn. 

DibromlBftanorinic  aoid,  C,  11, Br, (CO, H),,  ia  formed  by  addition  of  bromine 
to  maloio  acid  :— 


H.<^<^<S;g 


•CBr 


63« 


<^:g 
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It  i«  «rrUlHn«.  ensilr  toluble  in  water.  m«lU  at  \5(P  C  (3030  p.),  uu)  u 

rcsolvi'^l  i>n  further  tuaitn^.  or  on  boillnje  with  water,  ibto  llllr«  Aod  isu- 
bnittt'iinntfia  ari'l,  Clltlr- .('(<_'o,H>,.  ^IVkJiuiu  Biual^aui  CMUrerts  it,  bf 
piitlmilur  IraiiNiNMitioii,  into  onliuarjr  succinic  acM. 

PyrotartArlo  Aolda,  CjH.O^  =  C,H.<;^^  _Of  thm9 
tlkt>r«  artt  fuur  luixLlfloatioaa  :— 

ril,  CII,.CO,U  CH,  CH, 


I 

CH„CO,H 

P)rroUrt*rlo. 


cH,.co,a 

Oluiftrlo. 


CU. 


rH(CO,H), 
Etbjrlmitioaio. 


C(CO,H), 


Pyrotartarlc  tr  Methyl-aucolnlo  Add,  *^^^'^^<^*"xi  H 

la  ithtaintil   b^  lh«  dry  distillation  (tf  tiirtaric  aeid,  mixiil  with  an  «joi 
Might  of  |H)M'dored  pumicH  ;  syiilheticaUy,  aUo,  from  propt>nr  brtnuidi 
thruugh  tht*  utHllum  of  tb«  I'jruiiidv  : — 

CH..C:U<[;^_.CN     +     <«.«>    =    2Nn,    +     CH..CH<^,.H,o^g; 

Also  hy  the  action  of  nrunwiit  hydrogen  on  the  throe  iaomerio  acida, 
eoDiO|  cilraoouic,  and  uvsnoonio  : — 

^U.O.    -f     U,     =     C,H.O,; 

And  lastly,  by  treating  allyl  iodide  with  putausiiiini  cyanide,  and  boill 
ih**  rttiultinK  uitril  with  a  cnatttie  alkali. 

U  cryAtallizrii  in  small  rhnmbii*  pri^inm,  eaMily  soluble  In  water,  aloohi 
ethor,  uii-lta  at   112<^  C.  (233.(P  K.).  and  whvn  rapidly  heal«<1   ia  i 

into  watt*r  and   pyrotartario  auhydride,  which  di»tila  orcTa 
buiU  at  113(P  C.  (*WUO  F.)- 

CH,  CH, 

l-n.co.on     =      H,o      +      ni..co. 
ni^co.oH 

y  It  ftir  a  longor  time  lo  2000.2100  C.  (392O-410O  K.),  or  on 
*a«<^Ui  solution,  mixiMl  with  a  uranium-salt,  to  sunshine,  it 
ni3o\  and  hutyrif  add.  (.'H,— CU  — C'H^— t't\». 

iHtt  prrx^tartrate,  C..U,0,L'tt  -{-  211,0,  and  the  acid  potaa- 

AC  ^  spwingly  sotublu  in  water. 

r*«^»MlWlO  Aold.  CH,<^||rf;^;g[{,aIsn called  glutario 

al^  propene  cyanide,  rH,<^jj'Y'>' » ^i'l*  •t*^'»S 
M  ft  sealed  tube  for  tlmw  or  fnur  hours.     The 


CI1,.CCK^ 


■W-.*! 


I 


\^««  #?*I«iratwi  down  on  a  wator-with,  trvatHd 

^^^tj^  aninu>niiini   I'hloridt*.  and   the   abxtli(»lia 

««.  «li<r«Upon  lh«t  ftrld  is  left  as  a  thick    brown 

■  rrtalW*'^      I^  "^'^y  ^^^*  pnrifltHl  by  convurBioQ  ^M 

llir>rcfro«n  by  hydroci>n  sulphide.     Tha  ^| 

eayslut«ric  arid  (fj.  r.),  with  oonoer^ 


irili 
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traUxl  hydriodio  add  to  120O  C.  (24!^  F.)*  H  forms  Iarg«  transparent 
iiiouocliuio  cryslalfl,  easily  iolublu  in  wator,  molting  at  WJO  C.  (2UG.tP 
¥.)t  and  decampnsing  ahore  2&0O  C.  (^3(^  V.)  into  water  and  th«  anhy- 

dride.cH,<;:!;.:;;;;>o. 

Bthylmalooio  Add.  CH,.CH,.CH<^[J'}J  .  is  prepared  from  ■.Umroo- 

bul/rii:  fti-id  (ii.  TOU),  thruUt;h  tlio  milium  of  the  (.•yaiio-compoand  : 

CH,.C1C,.CH(CN).C0,U  +  211,0  —  NH,-|-  CH.,CH,.CH<J^»{}  . 

It  crTstalUiM  in  colorleaa  prisms,  rfsomWiug  pjrotartarlc  acid,  and  nu<lt- 
inK.'lilt.)  tbo  latter,  al  U20  C.  (:i33.liO  F.).  Wlien  ht-ated  to  IWP,  il  is 
resolved  into  CO,  and  butyriu  acid.  Tlio  calcinm  taii,  C.HgO,<.'a  +  1A,0, 
fornm  priums  more  soluble  in  cHiId  than  in  hot  water.  Tlit^  ftarium  anfl  \a 
anliydmus.  The  copjicr  salt,  C^llfO^Cu  -{-  U,0,  orystallbca  Ln  boautiful 
tahi'ettt. 

Dimethyl-malonlo  Aold,  (C]!3),C(C0,ri)„  prepared  from  bromiRobn- 
tyrio  acid,  i^  lotM  soluble  ia  water  tliau  ciLber  of  the  twn  precodiug  acids. 
It  dtWimtpoHtrs  whirn  uw<lt<*d,  but  doL*s  nut  yivld  butyric  acid. 

SuUttiitulum-jtrotiturtx  of  the  PyrotarUiric  .•1ci</*.^l!Wtmfric  thloro-  and  brr>- 
m<>-d»^riviLliv<!ii  of  lhcfl(>  fti-ids  arc  formed  by  dirivt  additiun  of  IK'l,  Ilitr, 
and  Ur„  to  the  aiiHaturnt*>d  ai-ids,  C\II,Of,  vie,  ttaionic,  citraoonio,  and 
iae!ta(X>nio  acids,  tlieet^  prodiietn  betnj;  i-allixl  rtntpecliTuly  tto-,  rifra-,  and 
HUM-  dcrirativus  of  the  pyrutartaric  auida, 

Thu  miiiioL'bloriuated  d^rivjitivtw,  C^IljClO^,  are  forminl  by  treating;  the 
throe  i«oui«Tiu  acidd,  CjH|Oj,  with  iilroug  hydrueblorio  acid.  They  are  all 
three  eryhlalline.— /rdc/i/uro/^yro/ar/artr  acid  mulls  at  145*^  (.'.  (2U30  F,>,  and 
when  heated  with  water  or  alknlies,  iii  converted  into  itamalio  acid, 
Cjn7(0H)<),.  —  CitrarJtloropyrotatioric  acid  is  Vi-ry  untttable,  and  wlwn 
heated  with  water  gives  up  HCI,  ami  paswi-s  into  mv^tacunic  aeid,  CjII^O^ 
(p.  7o5).  I)y  Ifoiling  with  alkalu^,  It  is  resolved  into  CO,,  IK'l,  and  ineth- 
acryliu  auid,  C,IIj()j. — Mfmi-Jdorop^ntrnrtanc  iicid  is  more  ttialile  than  llie 
last,  melts  at  12i)^  C.  {'I'A.'i'^  t*.),  and  is  converted  by  heating  witb  watt.tr 
into  miisamalio  acid,  C,ll(,<">4. 

The  tbree  iiiomuriv  iliUnimupyrutartaHo  acids  differ  from  one  another  in 
tht'ir  defi^ree  of  solubility  in  waltT.  The  ila-compound  ia  converted,  by 
bfHling  tliu  Ai^ueous  itr^lutlou  of  its  sodium  salt,  into  aeonio  Hei<l,  C\il|0|. 
Tiiu  citra-  ami  mu^a-uoiupouuds,  on  the  other  hand,  yield  bromocrotoulo 
atjid,  fJI^llrO. 

AH  tli4:^e  •.-bluro-derivatives,  and  the  corresponding  bromo-  and  lodn- 
pyrolartaric  aoids,  are  oouvertod  by  nascent  hydrogen  into  ordinary  pyro- 
tartaric  acid. 

The  <:uutititution  of  the  snltstitnted  pyrotariarlo  acids  will  be  ondurstood 
from  tliat  of  tlie  three  isomeric  aciiJs,  CjU^O^  (p.  704). 


arid,  CU,H— (CHj),— rO,H.  originally  obtained  by  the  oxidation  of  fats 
with  nitric  acid,  is  forraeil  synthetically  by  heating  ^iodo-propioniu  add 
with  flncly  divided  silver  : 


CH,1— CH^— CO,H  )  CH^— Cn^-CO, 


I 


,")  CI 

\     +     Ag.    =    2AgI    +      I 

t")  CI 


CHj— cii,— co,H  )  Cn,— cn^— fT», 

£'Iodo|)roplODlc  Kcid.  Adlplc  acid. 


2  oiol. 


^53 
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It  if  Hlito  prnduotvl  hy  iht*  oHion  of  nnfirntit  hydrngfn  on  hjrdro-mnoni 
nc'hX,  C\II|0^ ;  by  oxidizing  M*l>acie  avid  with  iillno  acid  ;  and,  toguthi 
with  arvtto  acid  and  carbon  dioxiild,  b/  oxidation  of  phorone  with  cl 
acid: 

c;h«o   +   o,   -  c,u„o,  4-   c,ii,o,  +   co,. 

TItiB  Aoid  crvstaUliea  In  shining  lainlnn  or  priems,  dUsoIres  fa  13  jmrti' 
of  cold  water, 'and  mulU  at  145^  C  (i:U8.40  y.). 

CH,— CH— CO^ 
2.    Itoadipic    or    Dimctkgl-Muccinic  aciV,  I 

CHi— CU— 00,H 

prodnewi  hv  lirating  •-brumopropionio  acid,  C'llj — CllWr — CO,H,  with 
find/  dividwl  BLlver,  forms  a  thick  syrup  which  doeH  uul  readily  crjrslal-, 
Uxe. 


The  higher  aclda  of  thia  spHpa  aro  formed  by  the  oxidation  of  st 
acidL,  olnio  acid,  and  othiT  acids  of  th«  fatty  and  arrytio  si-rit**  with  niti 
acid, — flucolnio  acid  and  ftomo  of  tho  htwcr  homologui'S  being  gcncralJ 
fonnt^l  at  tlio  i»nuiu  iimo.     The  mixiMl   acid^   thuji  fibtainnl   are   6u[iarul 
by  fractional  cryatallizalion  from  etlier,  thti  higher  mumbLTS  aeparuiiag] 
out  first. 

PlmeUo  Add,  C,H„0|,  ts  also  prodnoed  by  failing  camphorio  acid  with 
potash.    It  mvits  afc  114^  C.  (237.2°  F.),  uid  diasulvoe  in  40  parta  of 
water. 

Snberio  Acid,  f^nllnf^*.  is  most  n^adily  obtained  by  boiling  oork  wl 
nitriL'  ucid.     It  crystal  I  izos   in  long  nt'edlca  nr  plalest,  melts  at    14<P 
(284"^   F.),  and    Bnidimi-s    withnnl  docomixmition    l>ftWHt^n    15iK3_lti(|0 
(3020-320^  K.).     li  dlfisolvea  in  100  purta  of  cold  water,  easily  in  I 
water,  alcubol,  and  ether. 

<CH,),C— CX),H 

An  Isomorio  acid,  tetramethylsnoolnlo  ao!d,  | 

(CH,),C— CO,H 
Id  formed  by  heating  bromisotintyric  aoid  (CH.),CBr.rO,H,  with  r«?dn 
ailvcr.     It  mcltit  at  'J^o  c.  (2030  2<\)^  g^a^  dissolvea  in  45  parts  of  water 
lOOC.  (600  F.). 

A  third  iflomeride,  diethylguooln  io  aoid,  |  .faformod 

in  like  manner  from  «-bromobutyrio  aoid,  Cgil^.CHBr.CO^U. 

Anchoic  Aoid,  or  Lepargylio  Aoid,  rglT„0,.  is  formed,  together  wKhj 
^  other  produetii,  by  the  action  of  nitric  arid  on  fhinwao  war  and  on  lh«l 
fatty  acids  of  oocoa-uut  oil. — A  Be  laic  acid  ,  obtained  byoxidlilng  caslof  j 
oil  with  nitric  aoid,  hoii  tlie  saiun  (xnnpnejijon  as  anehuio  acid,  but  difTcn' 

Ifto  niiioh  from  it  in  phvitical  properties,  that  it  must  bc>  rngarded  aa  an  ia<y 
meric  or  allutropic  mixlillcatioD. 


4 


Seblo  nr  Bebaolo  Aoid,  '^,nn,.Oj,  is  a  onnRtant  prodnct  of  (he  df«trao- 
tlvo  dislillattMn  of  uU'ic  acid,  oh'in,  and  all  fatty  Riibfltaneefl  pontalnlnir 
those  Ixvlics  ;  it  i«  esctraclcd  by  boiling  the  di><li1Ii*d  inntt^r  with  watrr  ;  it 
is  niso  formed  by  thi»  action  of  potash  on  enstoroil  ff»eo  p.  592). 
smnli  poarlr  crystaU  rcifrnhling  thfwt>  nf  benzoic  acid.  It  hnn 
acid  toflte,  is  bnt  little  soluble  in  cold  water,  melts  when  heated, 
Umes  anohanged. 


Tt  f'lrtiiB 
n  f.iintly 
and  Bttb* 
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Brassyllc  Aold,  CnHj^O^,  obtainexl  by  axidntinn  of  boltunolio  aoid  and 
eruL'ic  ut  la,  melu  at  l.Ub^,  and  1a  nttarl/  inootuble  Id  WAU*r. 

RocoalUo  Add,  CiyHgO^,  exists  ita  Bficc«ila  tiiuiitrta^  and  uth«<r  liohonii 
of  liie  Hoiut'  geuus,  aUu  lu  Lecanttr<$  hirtarnt^  uii<i  Iti  i*hUiinod  by  I'xliAiiKtin^ 
the  fIr»t-ini'Uliuni'«l  {ptuiitwitii  B4Ui<«iua  uiumoniu,  tirtvijiitatiii^  tho  (Ilti'ml 
liquur  ^%ilU  calcium  ulUorido,  oiid  dciHim^Hniiit^  tht^  rt-ttuhiitg  cAlrium  nnU 
with  h.vdriK-hlurio  acid.  When  purifiinl  hy  inilutiou  in  fth«r,  it  imm» 
whitr,  riM'langular,  four-aided  tabular  4Tjr«tai:*,  intdtin^  at  132^  I'.  (2*iVt-ti"^ 
v.),  and  Bubliiiiing  at  200O  C.  (^'SU'J!^  V.),  bviitg  partially  oiiii%-L-rtM  at  the 
•time  luuu  iiilu  ail  oxidu,  Ci,!!,,^.),.     ThiJi  auid  dvuumpoav»  carbouatvs. 


Thii 


2.  Unaatnrated  Aoida,  C^H,,-*©^  or  C^IL, 

inuluduM  the  rullowiiig  gruups  of  isomerio  aoida 

Fumario  and  Maleio  aoida         ....  C^H^O^ 
Itacoitic,  L'itraAsouio,  Menaoonio,  and  Paraoonic 

acida CjH.O^ 

Hydroinuoonto  acid C^U^O^. 

Tlipflo  acidft  arc  rapabU*  of  taking  np  two  at^inia  of  liydrogcn,  brnmini^, 
and  utliur  uiDimd  rh'tufiits,  und  pa>»iii^'  iiiiu  tht-  HaturattMl  aiidn  i>f  tho 
proctHling  Hrrii^.  A  general  nicthtnl  of  fnriiitng  thorn  conziiiita  in  heating 
ihi)  (lihruiuinatiMl  derirativua  of  tbo  acids,  ^'bU|,-|0^,  with  aolatlon  of 
putaaaiuiu  iiKlide  i  e.y.: 


CHBr.COjH 


rHBr.(^0,li 

DlbromuKUiKitalo. 


+     2KI     ■>    2KBr    +     I«    +    tl 


CH.COjH 
Kumnrio. 


Tlic  isoint'riti  modiflcaliona  of  th(*»o  arlds  aro  detpnninfd  by  thf  structure 
of  the  riuiiilos  (.'.ii^_„  asHnciat«H!  with  the  two  carboxyl  groups. 

Fumario  and  Maleio  Aclda,  C^H^O^, 
CH.<:0,H  CH, 


K 
CM.CCH 


Theae  two  aolda  are  prodaoed  by  tba  dry  difitiUation  of  noalio  acid : 

Whrn  malic  add  ia  heated  in  a  small  retort  nearly  fiUcd  with  it,  it  molts, 
boiU,  and  givea  off  water,  togfther  w  itb  nialeio  acid  and  maleic  anhydride, 
which  pa-xB  orer  inliah*i  r«*evivor,  and  dissolve  in  th<^  water.  After  a  time, 
sntall  solid,  crystalline  male**  make  their  appearance  in  the  UMiUfi  liH"W. 
and  increase  in  quantity  uuiil  the  whole  becomes  solid.  The  prt«ej«»  may 
now  1hi  interrupli-d,  and  the  c*>nteiiU  of  the  retort,  aft«r  coulin^,  treat*-*! 
with  cold  water  ;  unaUenKj  malic  mid  in  thereby  dissolved  out,  and  fumaric 
acid,  wliii'h  itt  less  Huliibte,  remains  behind. 

KuMLario  acid  exials.  in  the  free  state,  in  several  plants,  as  In  the 
ooniinou  fumitory  (Fumarin  nJfirinalU),  Iceland  mosa  (Cctraritt  istatnitca), 
and  in  certain  fungi.  It  ih  prcniuced  also,  as  ab*>ve  stated,  by  the  action  of 
potaasium  iodide  on  dibmnmsuccinia  acid,  and  from  monobroiuoauooinic  and 
BulphuBUctiiuto  acida  by  fusion  with  potash. 
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Tnuauic  arid  fnfw  nutl,  vhit^,  orTvUUine  Utuias.  which  diaaoli 
frpalj  in  hot  w«t«r  and  alocrfiol .  '  —  •  '-— ••■'nf  fi>r  sololion  a>--"'  '.*"" 
coM  water:  it  U  unchuifvd  b^  .dd.      Whffu  li< 

of  Air,  it  sufalimea,  but  b/diaij  <  n  r*^t<irt,  it   u    r- 

Ufl  ualipic  AQlijrdride,  C\U,0|.    Iniuilar iliir«rc*nf.-(*s  aruufteu 
in  tho  behftrior  of  orguilc  bodies  of  bidaII  ToUlility.  acoordiog  &a 
h«t«t**«l  ill  clow  rcs*eU  or  in  a  current  vt  air.     Puiuarii-  acid   ia 
br  gtwiimm  oMuJiftiM,  Aydriodie  adti^  aiul  other  bydrogenizing  ai;**nl 
onliiuirjr  suci.'iDic  acid.     It  otiitos,  in  preeenoe  of  water,  with 
zimt:,  furmtng  succiuate  of  line,  C'^H,O^Zq. 

Fuiuaric  ftiiid  forma  acid   and  ueutral   metallic  aalu.     The 
barium  mtt*  are  anhTdrooa.     The  li/rrr  talt^  C\tl,(  >, A^',,  la  qtut«  ii 
in  watvr.     The  tOigUc  eCAer,  C«H,04((.\H^,  is  a  liquid  boiling  at 
(4370  P.). 

Maleio  Acid,  ^1^^— ^^ro'u  '  ^^O^^^^''^  '°  large  prianui  or  Ubl^ 
Terj  soluble  in  water,  alcohol,  aud  ether,  and  having  a  stroog  acid 
and  r»>actitm.     It  Iji  oonrerted  b^  heat  iuto  fumaric  acid,  hy  naaoeut  fardi 
g«-n  into  succinic  acid,  and  hf  bromine  intodihromisosaocinio  aejd,  U^iirO 
CBr(<'0,Il)j.     lu  aqneOQs   sotation   di&bulves  siDO  without  evolution 
h/dntgeu,  forwiug  uialeato  and  nuccinate  of  >ina : 

^Jd^^4.    +     2Zii     =     C^H^^     +     (C<H40,),H,Zn. 

MaUlc  ankyAid€^  C^HjO,.  cr^tallixcft  in  large  laminjp  or  De«dl«8,  melt 
at  57^  C.  (134.60  P.).  boils  without  doi-om position  at  itftjO  C.  (38i.£C  P. 
and  ifl  conrerttMl  b/  water  into  maleic  at--id. 

Halfic  and  fumaric  aci<i4  are  re«olred  b/ elcetroljrsis  of  the  eoDoentratM 
BolatiouB  of  their  sodium  aalta  into  carbon  dioxide,  hydrogen  and 
acetylene:— 

c,H,(co,H),  =  c^^  +   2C0,  4-   n,. 

Aolda,  CjH.0,=«(\H4<[[^»y  . — Theory  Indicates   the   ejcistenoe 

0Te  isomeric  acids  of  this  form,  an^l  of  those  four  arc  known,  via.,  cf  |  ri 
conic  and   mesaconio   acidn.  whirh  may  \ms  derirml  from  fni 
ai-id  by  interiwlation  of  CU,,  and    itaconic  and  paraconic  acidS) 
derivable  in  like  manner  frum  maleic  acid: — 


From  Fumario  Aeld, 


CH.CO,H 


From  Ualele  Acid,  l 


(Cy),H), 


CH.CO-H 

In 


CH.CO,II 


cH,.co,H      in, 


C— CO,H 


.CO,H 
Mesaeoaie; 


C'ltmeonle. 


c!h,.CO,H       HC<^«g 
Itseonlo.        PsracoDle  »eW.  (t) 


I 


Citraconic  and  itaronlo  aolda  are  prndnrpd  br  the  action  of 
h"al  on  citrie  «*^id.  When  rrystallti#»d  rilrir<  ncid  is  hrntt^  in  a  r*»trtrt,  it 
fir**t  uielts  in  its  water  nf  rrrstsllization,  and  then  !>oil*,  cirfnp  off  water. 
Afterwards,  at  almot  1750  C.  (3470  P.).  vsiwirs  of  ari'tonw  distil  r.vor,  an4j 
a  oopions  diRenpagement  of  carbiin  monoxide  tnkes  plncf.  Al  tins  timi 
the  reaidne  in  the  retort  oonsiata  of  aoonitic  acid.     If  tli-  n  b 

still  continued,  carlxin  dioxtdp  is  giTPti  off,  and  itaconic  :i  \\\t* 

in  the  neck  of  the  retort.     If  these  crystals  be  repeatedly  dijit;iJed, 
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oil/ nuuw  of  citrnoonic  oxide  or  unhydridt'  U  (»t)tAiDe<l,  whivb  no  longer 
Holidifies.  Tlivitu  deooiupositioju  are  representtHi  hy  tku  followiug  equa- 
tion m  : — 


C,II,o,    _    11,0    =    C.II.O,: 
Cltrlo  Ada.  Aconltle  mel6. 


AcoDiUc  ACld. 


CO, 


lUounic  scld. 


Itncoalo  Hid. 


11,0 


C^U.O, 
Uitracunio 
uihydritlo. 


The  oitraeonio  anhydride  when  exposed  to  ih«  Mr  abaorbi  moisture,  and 
ia  ooDTertfld  into  iryatAllixed  citracuniu  acid,  cyigO^. 

Mesaroniv  tti:id  ia  produui'd  by  boiling  itouonio  acid  with  weak 
nitric  acid.  Tliwu  thrw  ittumeriu  auida  uro  all  oouverted  by  naMC«nt  Uy- 
dr<»gL'ii  into  pyrotartaric  acid,  CjH^U^.  They  aUo  take  up  A  uiule- 
culo  of  Ultr,  IK'I,  HI,  forming  itioiD(*rio  monobromopynitartario  acidi, 
CjU^HrO^,  etc.,  or  uf  brominv,  Br„  forming  isnmvric  dihrimmiiyrDtartarlo 
aoidH.  Itaconio  and  citratv^nit:  acids  arr,  however,  more  ineliiifd  to  tliusa 
traniifurmatioua  than  muiaoonio  acid,  wUich  ia  altogether  a  muru  stable 
compound. 

On  ttubjeoting  their  polaaiiium  salta  to  f^leotroIysiB,  the  three  adds  ar« 
decomposed,  yitrldiug  a  hydrucarbuu,  Cgli^,  auvording  to  the  equation  :— 

c,n,(co,U).  =  c,H^  -I-   2C0,  4-   11,. 

Now,  oitraeonio  acid  thus  treatwl  yields  cird  inury  a  tl  y  1  e  n  e,  CH^<7-^II„ 

wh(frt5ati  itacimic  add  yiHds  iso-nllylunit  nr  allpnt*,  CHjirC~TCH„ 
riwulta  which  are  in  ftocortlanoo  with  Iho  formulie  alKire  given  for  th(>se 
acida.  MeHaeonie  acid  likewise  yields  aUyK*m?,  as  might  be  expected, 
Hiuoe  the  hydrocarbon,  CIlZZCU — C'li,,  cannot  exist. 

Itaconlc  Aoid  i^  most  easily  preparmt  by  boating  citraixtnic  aniiydride 
with  wftt.r  to  i;i(iL-14C>o  C.  (2tJti*  -2&40  F.J.  It  crystalliztw  in  rhtimbio 
Ootuhedruns,  dissolves  in  17  parts  of  water  at  lU-' C  (fKfc)  F.),  melts  at 
lOlo  C.  (321.80  p,^^  ftnd  is  resolved  by  tlifttillation  into  water  and  tiitra- 
oonio  auhydride. 

Citraoonlo  Add  crystallizes  in  fonr-sided  prisms,  melting  at  S(K>  C. 
(17fi^  F.>-  It  is  muuh  more  soluble  in  water  than  itaoonio  a*rid,  and  deli- 
qui'sees  nii  exiKwure  to  the  air.  Ita  anhydride,  CjHjO,,  fnrms  an  oily 
liquid,  which  easily  re4.'ombinos  with  water  to  form  the  aeld. 

MeBaoonio  Add  fnruu)  shininp  prisms  sparingly  soluble  in  water, 
melts  at  "JOhO  0.  (4tM.i.4Q  F.),  ami  Hubliitu>»  uithuul  dMOimixwitinn.  It  ia 
most  readily  obtainod  by  the  action  of  heat  on  citraohloropyrotartario 
aoid. 

Faraoonlo  Add  is  fnrmed,  logeih*»r  with  itamallc  aoid.  CjHgOj,  by 
hentiiig  ila.hloropyrotartario  aoid,  CH,C1 — CH.<:o,,H — <^H..r<),H,  with 
water.  It  ia  eawily  Miluble  in  water,  melts  at  7<»0  f.  (ITiHa  F.),  and  i« 
ri-^olved  by  distillation  intu  wat«T  and  eitraoonio  anhydride.  It  unites 
wiHi  HBr,  forming  itabromopyrotArtarinaiiiHl.  When  healed  with  alkalies 
it  tnki'H  np  watiT,  and  forms  itamalio  acid,  rjf^Oj. 

Thn  constitution  of  paraconic  acid  is  prohftbly  ri»presented  eltlier  by  tho 
fmirth  or  the  fifth  fnnnnln  above  givfln  ;  but  there  is  at  present  no  means 
of  d^ding  lietween  the  two.  Moreover,  It  is  not  easy  to  see  how  an  acid 
having  its  two  earlmxyl  groups  associated  with  tlM<  s.iTn<M!ArU>n-ntom  could 
ht>  formed  from  itnbromopyrotarlnrio  acid,  unless  the  roai;tion  wuro  accom- 
ied  by  molecular  transposition. 
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Bydroxnaconio  Add.  (^'fH/>,  =  0,11,(00,11),.  produced  hy  th« 
of  ho<limu-a[iialt:uiii   on    dlrhlortnniionnio    Aoid,  CfH,CljO|.    rrj'stAlliKv   id 
,l«rgu  i^riduifi.  ttliglitl^  aotuble  in  cuM  water,  ftud  uitltiiig  al  195'^  C.  (383^^ 
V')'     It  in  (wiiverti^  by  siMlium-BiuAlKam  iutu  A'tipic  muU,  C'fHioO^i 
^vnitea  with  bromine,  formiug  dibrumadipio  acid,  C^H^Br^O,. 

3.  Unsatarated  Aoid%  C.U,„_,0.. 
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Acoaio  Acid.  ('sH«'*,- — Thia  acid  U  fnrmtKl  by  boiling  itadibrpmopjr&- 
tartnrii'  Acid  with  t^AUfttir  itmLiL.  It  ii<  Vt-ry  jinluble  iu  WAtrr,  alcdbol,  and 
plti*.*r,  and  cry^ialUxt'e  from  tho  ftli'<<ihoIiv  aolution  in  ftdiattj  grou|K$  of  nbiu. 
iug  Ufv*dleA,  mi'Uing  at  \b4'^  C.  (llOlt-lP  V.),  From  iLi  urtgin  it  mi|:ht  Im* 
«xiM^n4il  to  bu  a  bibaslc  acid:  but  it  ia  rrally  otouobaair,  its  si]vrr-»alt 
being  C\H,0,Ag,  and  ib«  Imrtum  salt  (rjHj)^,!^.  This  may  pfrbaps  l<d 
ctxplatntMl  by  regarding  the  a<*id  ah  an  anhydro-acid  uiniitar  to  di]aL>tica«:id, 
its  mode  of  furmutiou  being  represtuiled  by  the  following  equation  : 

CH,Br— CBr— COOU  HC-f— 6o 

I  —     lilJBr     »  I 

CH,— CWH  n,r— c:f>OH 

Itadlbronoriyrotiirtftrio  acid.  Acoaio  Hold. 

By  boiling  with  baryta-water,  aooaio  add  is  reeoWed  into  formic  and  sn^ 


ciutc  acids : 
,-0 


HC-~C— CO 


+     211,0 


H— COjH    + 


K,C— CO,H 

H^t;_CO,H 


Maoonio  Add.  O^H^Oj,  formwl  in  like  manner  from  dibromadipEr  arW 
fttriii.H  lar>:i'  cry^taIf^  iiiHliiiij;  at  I'XfC.  [t  ib  uiunnlmslc,  like  aconio  arid 
and  )H  probably  (-im^ttituttHt  in  a  diniilnr  inanner.  By  boiling  with  baryti 
water  it  is  resolved  into  acetic  and  Huocinic  acids. 


TrUtomio    Acids. 

1.  Monobasic,  C,jHj/\. 

These  loids  are dftrived  frtmi  the  trintomic  alcoliola  C.H^ 4.-O,  (glycerins) 
by  aulwtitution  of  O  for  ll„  in  the  dame  manner  aa  the  acids  of  the  lactia 
ai'-rif)*,  Cnn^Oj  from  the  glvmln,  C„H^,+jO,.  There  ia,  however,  but  one 
acid  of  the  series  at  presunt  known,  viz. : 

Olyoerlc  Aold,  CsH^O^  (dioxyproplonic  acid),  which  ia  fonnod  by 
the  gradual  oxidnlion  of  glycerin  with  nitrio  acid : 

rH,.OH  CH,.OH 

CH.on     +     o,      =      n,o      + 

CH,.OH 
elao  by  heating  glycerin  to  lOOOln  0  scaled  tnbe,  with  bromine  and  water  : 
C|H,0,     +     2Br,     +     H,0     «     4IlBr     4-     CaH^O*. 


OH.OH ; 

CO.OH 
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To  prepare  U,  nitric  aciil  (sp«*ci6c  pravity  l.ft).  in  pnurorl  tlirongh  a  Ioiir- 
nej-kvd  funnel  to  the  liottoiu  of  a  tail  glaiie  jar  containing  glycerin,  dilutM 
with  an  equal  bulk  of  water  (UK*  graiiu  uf  glycerin,  llHt  of  water,  ami  ItHt 
to  150  of  r«d  nitric  acid,  are  good  |iroiMirti(infi).     The  two  laycro  of  liqnid 
luAlIy  mix,  and  alanine  a  blue  color,  and  the  oxidation  of  the  glyimrin 
I,  aooompanied  by  copious  evolution  of  gaa ;  if  the  liquid  l>eo(>mHii 
o  hot,  the  action    niUMt    U*   niiMU-rAt«Mi    by  external   cooling.     Whi*u    the 
ition  is  ouiupleted,  wttieh  tak<*H  live  or  nix  days,  the  acid  liquid  is  evapo- 
hted  to  a  ityrup,  dilutrd   with  water,  saturated  at  the   boiling  heat  with 
ihalk  and  a  snuiU  ((unntity  of  milk  nf  lime,  and  then  filtered.     The  eon- 
•iitrnttMl  filtrate  dep<:i9it8  i-aleiutu  glycernte  in  warty  cruKtu,  fmai  wbirh' 
le  glyi-4iric  acid  may  Iw  aeparatud  by  boiling  with  ox&lic  acid.     The  liquid 
lltt'red  from  the  caleium  oxalatv  ia  boileil  wilh  lejul  oxide  to  rt^-move  any 
exceds  of  oxalic  aeid,  thi'U  treated   with   hyilrogfu  sulphide  to  preeipilato 
the  ditistdvtrd  lead,  and  the  filtered  liquid  iti  evaporated  over  the  water- 
bath. 

yiyoerio  acid  when  Pono««ntrated  18  a  oolorlesa,  ancryntAllizablt*  syrup, 
very  aolnblu  in  walt;r  and  In  alcohol.  Healed  above  WliC"  C.  (284"^'  K.),  It 
ia  dMomposed,  yielding  water,  pyruvic  acid,  and  pyrotarturic  acid.  Ity 
fnaion  with  potAsh  it  U  resolved  into  acetic  and  formic  acidA  ;  by  boiling 
with  aqueous  potash,  it  yields  oxalic  and  lactic  acids,  and  by  tbo  action 
of  plioAphorua  ioilido  it  Is  converted  int4)  £-iodopmpionic  aeid. 

The  metallic  glyccrau^  are  soluble  in  water,  and  crystallise  well.  They 
are  nut  reddencMl  by  ferrous  salts,  and  are  thereby  tliMtinguished  from  the 
pyruvates,  fnnu  wliitdi  Ihey  differ  only  by  the  elcmnutH  of  wftter.  The 
cakwm  tatt^  <*']Hj'>|),rft4-  *«-n,<>,  upually  crystalli»es  in  nodular  gnmps  <if 
needl«s,  easily  soluble  in  water  ;  the  leat'  salt,  (t'jH  J\),Vb,  is  but  slightly 
snluhle  in  water. 

The  eik^lic  eihfr,  CLH^O^.C,!!,,  obtained  by  heating  glyc4>rin  with  abso- 
lute alcohol,  is  A  thicK  Uqutd,  having  a  speclfir  gravity  of  1.193  at  UO,  and 
boiling  at  231CUS40O  c.  (44tK>-4tHO  K.). 

AinidoglyciTic  acid,  CHj.NII^ — ('11.011— <:'0,0U,  or  Bcrinf,  is 
obtained  by  boiling  sericiu  or  silk-gelatin  (v  ''•))  with  dilute  sulphuric 
ai'id.  It  forms  hard  cryatabt,  soluble  in  water,  but  insoluble  in  ah-cdiol 
Aitd  ether.  It  unites  lK>th  with  acids  and  with  bases.  Nitrous  acid  con' 
rerta  it  into  glyceric  acid. 


4 


4 


Ankydridft  of  Gftfceric  Acid. 


ru. 


Pyiuvlo  or  Fyroracemic  Aold,  C,HjO,i 


CO,H 


or  CO 


— This  anhydro-ocid  is  formed,  together  with  other  produols,  by  the  dry 
dislillatioa  of  glyceric,  tartaric,  or  raoendo  acid: 


11,0 
CO, 


4-    H,0 


and  ia  ohtalnMl  pure  by  redistilling  the  product  several  times,  and  ooUect- 
ing  apart  the  j>ortion  which  pfwses  ovc-r  Iwtwwn  lt>5!^  and  17(>o  C.  (3i!t^>- 
33SO  F.).  It  iM  a  yellowish  liquid,  easily  soluble  in  water,  alwbol,  and 
ether;  smells  like  acetic  acid,  and  KhIs  with  partial  deoomprwitjon  at 
1*!.')CU170C'.  li  IK  monolmsie,  anil  forms  pallfi  which  crystnllixe  wpII,  pro- 
LTided  that  heat  la  avoided  in  their  preparation :  hut  their  aolntions,  if 
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«vitporat(.H)  hy  1)*?At,  loftvt*  giimmj  uncryatjiUixjiUlr  utlu,  whuth  yiftt] 
avrupy  nou-volntile  moditlcatiou  of  Uie  ba.'u\,  likowiav  obtained  wht'ii  i 
AipKHiui  linlutiuti  of  tliii  original  acid  iff  t'Ttiporutud  by  heal.      This  i»y%ix\ 
ftci<l,  whirli  in  prttlmbly  a  ]Milymuric  UKMlilicalioh,  ia  rviiulvtHl  hy  lii'«at  iiitoi 
carbon  diuxiclf  and  pyroUrturiu  acid,  ^C^liftt,  ^  CO,  -)-  i'^H/t^. 

I'yriii'tc  .icid  is  *\tuvvrUv\  by  iins(.vi)t  liyilro^nn  ititu  itrdiunry  liu^lc  aHilfj 
Cllj^-t'llOll— ("OOH,  and  may  Ihtn-ffiri'  In-  ro^jnrdt-d  n»  n  kL'tunir  acid  r*»*j 
UUmL  lo  UtUic  aold  in  ihu  i«Aiiii.>  niaiiiuT  an  ilimethyl-kt*toiii>  (jifv^tnn>')  \«\ 
aeoondnr^'  propyl  nlohol,  an  ri>prt*!tvutL*d  by  tb«  veiXMid  of  tkv  unnMlitutiuunli 
IbriiiulJB  givpn  mi  p.  1^1 : 

c!!,— CO— cH,  CI!,— cnoH— on, 

Dtmpthjrl  ketone.  Pieudoprotiyt  nlcohol. 

CHj— CO— COOH  CH,— CHOII— f:0OU 

r^rurle  aald.  «-Iiac(io  KCld. 

The  nsftoUon,  how(»v«r,  agree«  equally  well  with  the  ftnt  formiiU,  wl 
rt'prtw'^iiU  pyruvic  ncitl  aa  &n  anhydride  of  ^lyourio  acid,  from  which  H  is 
furtiMtl  by  ncitial  dehydration. 

IVruvio  lu'id  ia  cuuvt^rb-d  hy  pbfisphnruH  piMitaohlorido  into  ditihloropr< 
pioiiio  I'bloiidi*,  ClIjCl — CIICI — COCl ;  by  by.lroL-hloric  acid  at  ItRO  int 
carKuidioxido  and  pyrotartariu  acid  ;  by  oxidifting  a^'ouid  into  oxalic  lujid, 

by  boiling  with  baryta-watwr  into  nvitic  acid,  Cjir,Oj  =  C,IIj  <  ..,  *  ...    , 

an  nctid  Itelungin^:  to  the  aromatic  gronp. 

The  pyravAti-s  crystalVixe  well,  pmvidod  llial  hoak  is  avoiiled  hi  Uicir 
urtipnration.     Tlio  aodium  satt^  C;,Hj|<>,Nii,  forms  lar^e  anhydrotifl  pri»uu 
Th** /«»/ «i//,  (C,H,0,),Pb,  iH  a  crystalliuu  procipitatt!.     The  siivtr  salt 
alitu  cryNlntlitu*. 

Oxypyrnvlo  or  Carbaoatoxyllo  Add,  C,H,0,  or  CHjOn— t^O — CO,i 
ifionirric  with  niaU>nic  at'td.  tH  furuiud  by  heating  '3-ohloroproptouiu  ack 
with  oxcv^H  u(  Hiivcr  oxide: 

CH,a.CH,.CO,H  4-  3Ag,0  =  CH^on.CO.COjAg  f  AgCl  -\-  2Ag,  +  H,0. 

It  fonnd  a  ayrup,  easily  aoluble  iu  wat^r  and  in  other.     It  is  momdtasic 
itM  Utrium  snlt  cryslallizeit  iu  i^pheriual  uudulos  ;  Wmltad  mlt  in  cru&ta  ;  thir] 
eiitr  Mil  in  nhining  Hr^ib'A. 

Th>'  acid  is  t^onverted  by  nfucent  hydrogen  into  glyceric  aoid,  and  hy\ 
hydriodic  acid  at  'JOl>^  C.  (31*20  K.)  iaio  pyraric  acid. 


TRUTOHIC   AXO    RIBABIC    ACIDS. 


C.H,^-,0„  or  C.H, 


.«>")<^.!h 


Thn  aotdfl  of  this  Beries  may  be  formed  ^m  thoso  of  the  oxalic  or  SDO* 
cinic  BtTii'M.  (^„llj,(**0,ll)„  by  lubslitutiou  of  Oil  fur  H.  Four  of  thom  are 
at  pri«ent  known,  viz. : 

Tartronio  acid,  CjH,Oj.  Oxypyroiarlario  acid,  CiH^Oj. 


<f'0  H 
Co'h   (•^*y«"alonio  acid),  is  foi 

by  tho  aation  of  nasct-ut  hyrimgen  on  nu'soxalie  aoid  (p.  747)  : 

CO(COj,U),    4-     n,     «     CIIOH(CO,H), ; 


MALTC    ACTD. 


759 


also  hy  Hpont nncoafl  dronrnposillon  of  dinitrolarUric  acid,  wlien  iU  aqnooui 
siilutiun  is  left  to  (•vnporatt*,  thw  decomposition  Imlng  alt^ndfd  with  ffrol 
tinu  uf  carljuu  dioxide  and  nitrogen  dioxide : 


C,H,(0.iNOO,CCO,H), 


CH0H(C0,H)5     -h     CO,    +     N,0,, 


Tartrouic  acid  orjrsiallUtsa  iu  larg^  prisms,  which  melt  at  175^  C.  (347^ 
F.),  and  are  resolved  at  higher  tewpvraturt.':*  into  carbon  dioxide,  water, 
and  gt/ooUido: 

C,HA    mm    CO,    4-     H,0    +     C,H,0,. 


1 


allc  Aoia,  C.HjOj  — C,H,(OU)<JJ[^«[}».CH(OII)<;J 


'COjH 
.CII,.CO,H 

O/yMufrimr  ticid. — This  acid  is  formtid  synthutically  hy  th«  action  of  nioU 

fiilviT  oxide  on  bn»moeuociaio  add  : 


C,H,Br(r().^IJ),    +     AgOH     =     AgBr     +     C,n,OII(CO,H), 


It  is  nliM>  prtMluotxl  hy  dtHtxidation  of  turtarto  acid,  C,HjOj,  with  liydrioilU 

autd,  and  l>y  the  action  of  uitroua  acid  on  oapurtic  acid«  i'flljNC^^  (iiniidi 

succiuJc  acid),  or  on  aaparagiu,  Cjil.NjO^  which  is  the  aniidt-  t.f  Hit*  la(l*Tj 

..,^o.oH   +    «o-o«   =   ^«(^^n)<i™.x"o.oH 

A.p.rllo  Milt  +      N,     4-      11,0 


CH(N".)<J^?,"co.oH     +     NO.OU 


C«(N».)<^'',1,X0.NH,  +  2(N0.0H) 

AMparngio. 


+  2N,  +  2H,() 


II 

L 


Malif  acid  is  the  acid  of  apples,  pilars,  and  various  other  fmits  ;  it 
often  .iD^mtiatiNl  with  iiitric  a<^<id.  It  luny  Ih<  advAntagt^onsly  prcpnrrrd 
ffiHu  ihejuiopof  the  garden  rhubarb,  iu  which  It  exists  in  large  quantity, 
acriMiipRnied  hy  ncid  potn.<<.'4lum  oxalate.  The  rhulmrb  stalks  are  p» 
anil  griitind  or  grah'd  tn  pulp,  whicti  is  snhji*cted  to  prestinrc.  Tbc  jiiK 
i:i  he&ted  to  the  Ixiiiiug  point,  neutralixed  witb  potatfsinm  carbonate,  an 
nnxt*d  with  ealciuiu  act-tutu  :  insoluble  calriiiiii  oxnlatu  tlien  falls,  and  ma] 
b**  removed  by  ftliration.  To  the  clear  and  nearly  colorless  liquid,  KoloJ 
tlon  of  leail  acetate  is  added  as  long  us  a  pr«-<-ipitate  continues  to  Iw  prt 
dticftd,  and  the  lead  malate  is  oolletited  on  a  Alter,  WAHbnl,  difTusiH]  thn»iigl 
water,  anil  decomposed  by  Bulphurultc<l  hydrogi'n.  The  fliterefl  liquid  ia 
eiirefnily  evn[Kjruted  Ut  the  consisteneo  of  a  syrup,  and  left  in  a  dry  atnii*- 
Kphere  till  it  iM-fxrmoN  cnnrerled  into  a  Holid  and  somewlinl  erybtalline  niaya 
of  uifllie  acid.  From  the  IxTries  of  tlie  mountain  ash  (^Snrltus  uurupnrta), 
in  which  malic  acid  id  likewise  present  inconsiderable  quantity,  enpecially 
at  the  time  they  begin  to  ripim,  thu  acid  may  Iw  prepared  by  the  sai 

pr»H.'t»8S. 

Mnlie   acid  orystallizes  in  groups  of  nolorlesg   priBma,  slightly  deliqnt 
cent  and  very  soluble  in  wnu-r ;  aI«>hol   also  diasoWes  it.     The  aqueot 
solution  has  an  agrofiablu  acid  taate :  it  beooroes  mouldy  and  spoils 
keeping. 

Malic  acid,  as  ft  exists  In  plan's,  and  as  ohtaineil  from  active  tartarh 
acid,  from  aspargfn,  or  from  aspartie  and  prodnecd  from  the  latter,  exerts 
a  rotatory  aetioii  on  ixdariUKl  liijht;  [■]  ^ — TiO ;  hnt  by  the  action  of 
nitrous  acid  on  inaetiv>>  asjutrtio  nrid  (resiiUinfi  from  the  di'Com|>r«itlon  of 
fninarimide),  Pariteur  has  obtalited  a  m<>dil1e^ti<in  of  malie  ncltl  which 
is  optimlly  inactive.     Malic  acid  form."d  from  Hiieclnle  acid  is  also  inactivi 

Malie  acid  when  beatod  gives  off  water  at  I3(^^  C.  (2fifJO  p.),  mid  at  V 
C.  (3470  F.)  a  dUtillateof  malvioacid  andmaleic  anhydride:,  while fumai 


» 
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acid  remains  b^bind  (p.  7&4).     By  slow  oxidation  vith  a  oold  solution 
potassium  ctiromatv,  it  is  ouiivurtcd  inlu  umlvic  a4jid  :^ 

Nitric  acid  readily  oonvurti  it  into  oxalic  acid,  with  evolution  of  carbon 

diiixidtj. 

By  tlio  action  of  roduriiig  agents,  most  rt^adily  by  beatiug  wltli  stroi 
hydriodiu  lu-iil,  mnlio  a^'id  ir«  retliuefl  to  Kuuunic  acid  ;  uUo  by  fcrmcntatu 
of  its  caluium  salt  in  contact  with  putrufyiug  oliuuaif,  acetic  acid  and 
\>uu  diuxidu  iKMUg  also  prutluucd  :-^ 

Tliu   siiiliuiu   i^aU  of  brnmomulic   acid,  C^U^BiO^,  obtained    by  Uiiling 
aquttotig  solution  of  swtiuin  dibroutoMucctnate,  (t^ll^^'aBrfU^),  is  convt-rt< 
by  buiilug  with  limu-watt-r  intu  the  calcium  halt  u(  tartaric  ouid,  C,ll,o,: 

C.HsUrO,    4-     H,0     ■=     HBr     +     C\U,0, 

BCalio  acid  forms  both  acid  and  neutral  Kult^.  Tbosi*  formed  from  the 
optically  active  acid  are  likewise  active,  some  U-lng  dextro-,  othrnt  lero- 
rotatory.  The  most  churaoteriiitic  of  the  mulatea  ar*' ad<^  fimmonium  mafaie, 
f,II^(>'U,)<\,  wJiiuh  crystallizw  remarkably  well,  and  Uuti  nuiiair^ 
(.■,Hji'bO^.;i.\q.,  wliii;h  ik  intiidulile  in  pure  water,  hut  didnolvea  to  a  ct>ti- 
aidt'rable  ext«*nt  in  warm  dilute  acide,  and  M'^arates  on  ctwling  in  brilliant 
ailvifry  crystals  inmlaining  water.  By  this  charac^ler  the  acid  may  Ik.-  di«- 
tin^fuished.  Arid  mtdu$m  imtUtte,  ^'^\l^O^CnX^li^O^ -]-  Ml,0.  is  aUo  a  very 
beautiful  salt,  frttely  soluble  in  warm  water,  it  is  preparetl  bydiwtulving 
the  sparingly  soluble  neitti-al  malate  in  bot  dilul^fi  nitric  acid,  and  leaving 
the  Holutiou  U*  cool. 

Uifthylic  maiatr,  rjU,(C,U|),04,  ia  a  liquid  whicli  is  partially  d«»miKwed 
by   distillation,  and    is    converted    by    acvtyl    chloride    into   diethylio 

aootomalate,  CiHjCfK-jHjOX^J^'^'l}*  . 

Ozypyrotartario   Acid.    CjH.O^  —  CaH4(0H)<;[:^>|} , 

duoed  by  U)iliag  dicyanhydriu,  C,ll^(OH)(CN)g.  (p.  t)12)  with  alkalloa.' 
It  fnrrait  crvrftal.t,  easily  soluble  in  water,  alcohol,  and  ether,  and  melting 
at  lariO  c.  (2750  F.). 

Istimt-rio  with  it  are  four  bibaaic  acids  of  unknown  structure,  oall(>d  Ita- 
malic,  citramMlic,  mtHamalic,  and  uxyglutaric  acuLs. 

Ita-  and   musaiualiu    acids    are  formed  by  bolllug  the  corrcspnodij 
ing   chloropyrot&rtario   aoida  (p.  751}  with  water   or   aolutiou  of  aocliui 
oarhonate  :^ 


C,U,CI(CO,H),     -h     H,0 


HH     +     r,H.(OT0(CO,H), 


Both  form  deliquescent  crysUls,  melting  at  (JOO  C.  (l-liO  p.). 

Citramalio  acid  is  prorluce*!  by  the  action  of  zino  on  ohlorociti  . 
malic  a<.id,  Cjll,CIOj  (fornHNl  by  nddilion  of  hypochlorous  add,  OOU,  lo 
cilraconie  acid,  ('jH^l,).      It  is  n  d.-liqu.-sciMit  mass. 

Oxyglutario   a  i  i  d  .  CjlL<Oll)(>,,  pn»duced  by  the  aotion  of  nitron* 
a^id  on  amido>ilutaric  acid,  Ciil,(NH,)f)4.  cryittalliies  with  dimculty, 
is  converted  by  bydriodic  acid  mU*  glutario  acid  (p.  Tfid). 

Amuh'jlaiaric  acid,  or  Glutamic  ttcid,  C.H,(Nn,)Oj»C,lljCNH,)<^Q«^  ,1 

occurs,  logelhcr  with  aspartic  acid,  in  the  molasses  of  sngar-be*t.  and  iaj 
foriuiMl  by  iM^iling  albuminous  iNwli.tft  with  dilute  sulphuric  acid.  It  ftrrms 
jlbiijjn^  rhombic  octohedrons,  moderately  soluble  in  water,  insoluble  iaJ 
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aloi^liol  and  ethw,  nieUing  with  partial  iliM'orajwwition  at  14(»C  C.  (2S40 
v.).  It  uutte«  both  «rtth  bucs  Aud  with  &ridii,  and  ia  oonvi-rt4id  by  ulUtJUB 
acrid  into  ox^glat&ric  acid. 

Ozyadlpic  Acid.  «-,H„Oj=C.fl,(OH)<^;,,»U,,  ia  a  dWiqaMtoenl  maas 
foriutHi  \>y  t)io  actum  ot  uioiat  eilvifr  oxide  ou  muuobrouiodipic  acid. 

OJcymalvio  Aold.  C.H«0«*bC,UC(>H)<[^^>^  ,  in  an  unsaturated  tri- 

atiinilc  and  liibusic  acid,  ]>r<NiuL*tMl  by  the  action  uf  silver  uxidu  on  bromo- 
lu*U<iu  ftoid  (p.  'itt4).  It  cryslallixi'ii  iu  »Ifnder  neviUes,  easily  aoluble  in 
waUtr,  alLohul,  and  ulher.  Au  acid  isomerio  with  it  ia  formed  from  brom- 
leic  auid. 


TBIATOMIC  A5D  TBIBASIC  ACIM. 

Only  one  satnratad  acid  of  this  group  w  knotm,  r\i. : 

TrloarballyUo    Aold,    C,ll/>,— CJ!4(C0,H),,   which    \s 
dnced  :  1.  Hy  beating  allyl  iribromide,  cn,Br— <;HHr — (;H,Hr,  with  potat 
iiuuk  cyanide,  and  deuompoaiug  tUo  rusulliug  tricyaubydrin  with  putauh 

CII,<CN)  CII,.CO,H 


CH(CN) 


4-    3KH0 


3Ci\K    -I- 


CH.COjH 
CH,.CO,H 


3. 


2.  By  the  action  of  nodium-amalgam  on  aconitic  acid,  CfH^O^. 
rtMluctlon  of  citrio  acid,  CflI(,Of,  with  hydriudic  acid. 

Tricarbfillylie  acid  L-ryittalliKufi  in  c^tlttrlt^s  rhombic  prisiuH,  t^osily  huIu- 
hlH  in  water  and  alcohol,  slightly  tMilublt*  in  ethtr.  The  tricarhallylatc« 
of  the  alkali-uiLHals  are  c*B»ily  HoIubU*  in  wat^r,  the  r«Ht  tnHoliiblu  or  apar- 
iugly  siiliibli'.  Thf  r//*y/iV;  rtfier,  t',llj((.-0.tX',Uj)j,  in  a  liqnid  butliiig  be- 
twwn  2!»r)0  and  3u50  C.  (563^^-5810  p.). 

Tl)t!  fuUnwing  tribaalo  aclda  arc  unsaturated  compounds : 

Ao^onitlc    Aold,    C,HfO«a=C.n,(COyn)„  exisU    Id    monk*B-hood 

(ytcoHiVwHi  A''f;M*//u.i),  and  other  plantfi  of  the  sanio  gonns,  also  in  h^quinHtim 
Jluriaiifr,  and  la  oiu*  nf  tbf*  prrHhirtM  obtained   by  tbv  tli'byilrntiun  of  citrio 

acid  (p.  353) :  r.H.Oj— n,o  =  r,n,o,. 

When  cryBtallizttd  citric  acift  tR  hcatM  in  a  rot<trt  till  it  bogins  to  bcofiintt 
colored,  and  to  underjjodft-omponition,  and  tho  fusrd,  glasny  product,  niu-r 
(HK>Iing,  ifl  difljiolTtNl  in  wati^r,  aconitic  ni-id  remninrt  aa  Aw)iit«,  iMinfiiSHdly 
cryfttalliritt  matw,  which  may  b<>  purififH)  by  c«>nvi>rting  it  iutn  a  lead  salt, 
and  dfcoiDponinff  tht«  Inltt-r  with  hy"1rog.>n  Mtilphidc. 

Aconitic  acid  cryatalliz*'8  in  ^mall  Inmin.'P,  very  noluble  In  wat4<r,  alco- 
hol, an.l  I'lhcr.  It  m«Ot«  at  14^0  C.  (2H4i^  F.),  and  dccumport**a  at  a  hiehir 
tt'mpvraturt'  into  rnrlKUi  dioxide,  itaconii*.  arid,  and  citraconic  nnhydride. 
Nascent  hydrojion  c<»nverts  it  into  tricarlmUyllc  acid. 

Aconitir    acid     fomts    thriN>    Rprics    nf     salts.     The    trriinrtf    Unif'»ttU, 
(CjHjO,),!'**,.  is  JnaoUihlc  in  water.    The  ra/ritmitnU.  (t\UtO^)^Cn^-^ii\i.p, 
which  ia  sparin};ly  soliibl**,  oucurH  abundantly  in  the  oxpressed  juice  of 
mitnk'fl'luwMl ;  the  niaf^TieHinni  «ialt  in  that  nf  YUptitHnm.     The  ttktfUr  etht 
C,H,0,(C,H4>„  is  a  liquiil  Iwiiling  at  al»out  23t)0  c.  (45«.80  p.). 
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wick  MilW  aa4  ftManr  j 


r.ll( 


irsi&— j^i- 


Mil. 


II  b 


JVlth 

salt  «ttfc  fcjJi^m  M|. 


IfeeoBle  Acid,  C^j0,=C^O(O\HX  (• 

fcaaiBtaff  ifi—  vith  vaur,  a  M«mli>a4  vvik  f4uiJ  i 

rfinUM  ttj-  nl"f ■-■~-^-     — ^  '-^^  -'-n-i  ■  ■  iirwii  |] 

to  iMfJwl  iB  ram  vatcr  mwl  ittac*^  w'uk  kjdriiihiiii  aa4 ;  w  «oat- 
tef.  iMpoffv  aw^wi^k  ftcid  ayvUltix^,  •ml  maj  br  pvifted  by  twpmU4 
mmtmmal  with  hjdrocfekrie  acid.  Tbc  poir  acid  fTjrtilliwt  In  aoc»-4ik« 
ylllia,  omAjt  »lBUe  in  iMliag,  diAcultlv  »w(aUr  is  ceM  «at*r,  •dUU* 
Sbniae  U  bIcdImL  Tb«  oyiUto  ooaUiD  r.n.n^-L3H/>,  ami  riT*  «ff 
«Mr  vaftef  At  lOlP;  tk«  doliydnlvd  Bcid  mvMs  &t  IMC  r.  (30^0  p.). 

•cU  fcrat  threw  wria*  of  mIU.     Tht- rv  uv  tvo  ikTivr  ^ir«iH«M 
tUiwns C,HAg,0, ;  the  otherwhiU-,  ooMJatif  of  CjO^j^fk 
radacffs  a  (Wp  r«J  i-otor  with  ferric  salu.     Br  Uv  aSiMiaf 
^n^iaa-aauigam  il  u  ooDrrrt*^  into  liTilrooiecoiiic  add,  CfHiJOL. 

4^»a««tf   Jpi^,  C,H/X^.  is  a  prodnct  efdemnipfbUtcm  oTiEMMimicAcit. 

Ml  aqacoof.  cir,  hetter,  a  hrdrcchlorio  feM>lution  of  mreoaic  aca4  ja 

Ml  dwxidtf  is  evolred,  and  the  eolation  now  contains  cam^nfv 

cffjrwIaUtsca  on  cfK'linK.   Ix-iut;  vrrr  difficnltlr  »o1aUf  in  <«Jk| 

\mmta  acid  tnajr  b**  ohtain^  \ty  hvaiing  in<^x>nic  a^iM  to  3iip^C. 

<■   ^  behasio:   iU  fonuatiun  is  rrprewTit«d  hy  lh«  eqaatioii 

or  Pyrocopamic    Aeitf,  CjH,0,,  b  ■  moDobasii*  arid, 

■■BMi*^  cilhrr  oomenic  nr  meconic  aoiH  t4>  dry  diftllllath^n, 

«r  arboa  dioxide  bulug  evolved  in  the  former  <^a&e  and  two 

Mai  ii  avaak  add:  U  ii  n>luhle  in  water  and  altohol; 

it  cfTVUllixes  in  lonjr  n-Inrh-ss  neodlt^.  whieb  rni-lt  at 

^1  bvpD  to  Aut>linii'   nt   th>'   tM>iIin>;  jxiint  of  waltr, 

acida  exhibit  the  ttd  ouloratiun  with  ferric 


I 
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Tvtntomlc  Acida. 

■  ^  'yarM  frotn  tetratnniic  aI«»hnU  hy  AiihKtitntion  of 
^0^  ^  oxyg«n  for  a  oorre«ponding  namber  of 


■,U'« 


Nii* 


CIU)H 


rooH 

CHOH 

CHOH 
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Only  one  t44tratumic  acid  hiui,  bowirver,  t>».'vii  actually  farmed  by  oxida- 
^tioii  of  lliP  t^}rr*^]Hjndiiig  aloohol,  namely,  urytUritic  acid,  C^HjC^j,  froDi 
[•rythrh*.  <'|H,oO,. 

The  kuowii  tvtrHt4iiuit:  acidft  belonging  to  th«  fatty  group  are— 

Krythritic  actd^  C,U,Oj      niouobasic. 

l)ioxymaUiniC|     L'^H^Uj  ^ 

Tartaric,  C^H.O.J    Ubasio. 

Huuiutartaric,     C^IV*») 

Citric.  C«H.u,       trlbasic. 


Brytbridc  Aold,  C^H^O^rs  Cjn,(Oll),.CO,H,  formed  by  the  oxidation 
of  try  thntif,  t',Hn,Uj  (j>.  tiJU),  ill  a<jui_i>us  Hulution  in  contact  with  platinum 
bl«ok,  is  a  dcliqutiiceut  iTyntnllinv  mass,  and  is  cApnblu  of  furiuing  aalta 
containing  2  cqulvalonti*  of  metal. 

Dloxymalonlo  Add,  r,H,0,=  C(01I),<J[I«U  ,  formed  by  the  action 

of  mi>ii»t  »ilvur  oxidu  or  dihrumomalnnio  acid,  ia  jirubably  identical  with 
the  hydrate  of  mesoxalio  aoid  (p.  747>. 

Tartaric  Add,  0,H,0,=-  |  =*C|H,{  ,\\j  in  —This 

furmula  iiit^lii'leji  four  bibasiu  acitlii,  ditttinguisbMl  from  one  another  by 
certain  physical  proportioti,  eapecially  by  their  crybtallineformb,  and  their 
auliuii  unpolari^'id  li^lit — immidy,  Dox  t  roiarlaric  acid,  which  lunia 
th«  plaur  of  i»o)nriiatiim  tutliM  right ;  Lerulartario  acid,  which  turuu 
it  t«th«  Irft  with  tHjual  force;  Paralarlariu  or  Rat' y  mi  c  auid  ,  which 
b*  optically  inactive,  and  tiepariiblu  into  tHjual  ^UAntitit'tt  nf  di'Xlm-  and 
U'voiartaiic  aoidd  ;  and  an  iiuuitivu  varlcay  of  tartaric  acid,  which  U  not 
thud  Heparable. 

1.  Dkktrotaktabic  nr  OnniVART  T-»RTAnic  Arm. — This  in  the  acid  of 
grap**^.  taiiiarindh.  ptuc-nppli-d,  aiul  scviTal  otht-r  fruits,  in  which  tt  oc^^'urs 
in  the  titatc  of  an  acid  pota.iriiuui-MaU  ;  ualoinm  tartrate  is  aI»o  occaHtonalty 
m«t  with.  Thu  tarturic  acid  of  cinumiTce  is  whully  prepnrffi  from  lurlttr 
or  uryo/,  an  impure  ai^id  pota.stiiam  tartrate,  depo6it<'d  from  wine,  or  rather 
from  grap«*-juici;  in  tho  act  of  ft>rmt?ntation.  This  Hnlwtanct^  is  pnrlfied  by 
solution  in  hot  wati^r,  with  the  aid  of  a  litlln  pipe-clay  and  animal  char- 
oojil,  to  remove  the  coloring  matk*r  of  the  winr-.  and  !tnl>8(>qiiont  crystalli- 
tation :  it  thou  oonstituti-^  cr«iw  of  tartar^  and  scrvM  for  th(»  preparntion 
of  the  acid.  The  stilt  is  dissolved  fn  Ujilim;  watfr.  and  powd.'n»d  chalk  is 
addwl  aii  Umn  as  nfr«rveBc«nue  is  Mxeit^d,  or  the  liquid  cxhibitu  an  acid  fH- 
actinn  ;  cahiiini  tartrate  and  ncniral  potassium  tartrate  are  thcrobr  pro- 
ducwl,  and  the  latter  itt  a^^paratod  from  tbn  rormT,  which  18  in'*oluM<'.  by 
filtration.  The  s-diitiuu  of  potngsinm  tartrate  in  then  mixed  with  rxtvSB 
of  calcium  chloride,  which  throws  down  all  the  remaining;  acid  in  thf  fonu 
of  calcium  Halt ;  this  is  washM  and  ailded  to  (he  former  portion,  and  th« 
whole  in  digcateii  with  a  sufficient  quantity  of  dilnl«  sulphuric  acid  to 
withdraw  the  base,  ami  liln'mte  the  tartaric  acid.  The  fllterwd  solution  is 
cautiously  evaporated  to  a  syrupy  consistence,  and  left  to  crystallize  in  a 
warm  place.  LiebiR  found  that  tartaric  acid  is  arlifloially  produced  by  tho 
action  of  nitric  arid  upmi  milk  MURar. 

Tartaric  aeid  forms  n»dnrt*':^H.  transparent  mnnoHinio  prismfl  often  of  Iflrge 
aise;  they  are  pi-rmanent  In  the  air,  and  inmlorous  ;  they  diswdvo  willi 
great  facility  in  water,  lK>th  hot  and  crdd.  and  are  solnble  also  in  alcohol. 
The  solution  reddens  litmus  strongly,  and  has  a  pnre  acid  taste.  The 
aqaeoas  solutiou,  u  above  mentioned,  exhibite  ri|^ht-)tanded  poUrUittion, 


^ 


764 


TETBATOMIC    ACIDS. 


I 


Ttiln  Holaliou  bi  gradually  spuiled  by  ki^eping.    The  orystallixeil  at^id  m 
at  VSa<^  f.  (275^  F.>,  in  ooiivorl^Ml  at  17lN^  C.  (33hO  K.)  inUi  optically 
antivti  musotarturic  aoid,  ainl  wlieu  liuatvtl  for  tiumt*  timt*  tu  Icti*^  0.  (3&I 
K.)  j^ivea  otr  wat<jr,  aud  yield:i  auliydi-idett  (p.  7t>ti).     'i'artariu  acid  in  v^n 
BUiiu«d  tu  largu  quantities  by  tbu  uaULx>-priiili^r,  buiug  employed  tii  evnlru 
oliluriiio  fruui  t*oluti<,m  of  bleaching  pnwdtT,  iu  the  productluu  uf  white  ox 
dtMcfiiinjftf  jiatitTUH  upon  a  iHjlurtid  ground. 

Tartrates. — Tartaric  auid,  Ixring  totrntoinic  and  bibasio,  haa  only  ti 
hydi'o^rii  uto[u.i  ropUkOcabk'  by  m*-irilt),  tlio  miIilt  two  btdog  replaceable  by 
alcuhuiic  ur  acid  radicles,  Witli  lumuul  nu'tah  it  fonius  acid  aud  neutral 
aalls,  C^lIjM'O,,  and  CJl^MjO,  ;  with  dyad  uiclal.-*,  nrulraUalts,  C^H^M'M)^. 
and  double  salti$,  Uk<t  tHiriit-potoMic  Uirlmtf,  C,H|Ba<\.C|H|K^(>,.  WitU 
tria<l  metalii  it  forms  a  puvuliar  clans  uf  sallii,  btwt  kuowu  iu  the  case  uf  tli^^H 
utitiiiutny-Mlt  (p.  7(i4).  ^^| 

Pi>tn$»ium  Tartrates. — The  neutral  sattf  C4HjK,0,,  may  be  oblaimnl 
by  lufutruliclng  cream  of  tartar  uith  chalk,  aa  iu  the  preparation  of  th» 
auid,  or  by  saturaling  eream  of  tartar  with  pota^Bium  c&rboiiat<* ;  it  ia  vury 
KoIublUf  aud  cryittatlixeu  witti  difficulty  in  right  rhombic  prisoiH,  which  art) 
permanent  in  tltn  air,  and  have  a  bitter,  saline  tast^.  Tliu  aritl  mlt 
cream  o/  tartar^  C,H,KOj,  the  origin  and  preparatitm  of  whi(;h  have  bee 
already  duacribed,  tonus  irregular  groups  of  iiniall  tranitpai'ent  or  trai 
lucent  prismatic  ervtitals  wbich  grate  tM'twi-^m  the  te4>lb.  It  dissolv 
prwtty  freely  iu  iM^iliiig  water,  but  the  grcati'r  part  Heparntea  na  the  Boluti 
cooU,  Leaving  about  ^g  or  less  dissiolved  iu  the  cold  liquid.  The  salt  h 
au  acid  reaction  and  a  sour  taHte.  When  exposed  to  bent  iu  a  eloxe  vt«»ei 
it  iH  decimiposi>d,  with  evolution  of  inflammable  gaa,  leaving  a  mixture  of 
finely  divided  uharcoal  and  pure  [MitaSHiuui  carbonate,  from  uhich  the  Intter 
may  bo  extracted  by  wat4>r.  Cream  of  tartar  is  almost  always  pr<Ktuo< 
when  tartaric  acid  in  excess  is  add4Ml  to  a  moderately  strong  solution  of 
potaBi4ium-»alt,  and  the  whole  agitated. 


Sadium  Tn  rtratett . — Two  of  tlieiie  snlt.H  ar«^  Icnown — n  nentraJ  m^ 
C,ll^Na,0,  +  '-^Aq.  ;  and  an  acid  mit,  C^HiNaO,  +  Aq.  Both  are  easily 
soluble  in  wat^^r,  and  crystallizablu.  Tartaric  acid  aud  sodium  bicarUui- 
ate  form  the  ordinary  utTorvesoing  draughtd.  . 


Ler 

1 


Jiin  ^ 
Iralfl 


Ihfatsium  nnd  Smftum  tnrtratr :  HnrhJlr  or  Sriynette  mU.  C4HjKXftOg-|-4Aq 
—This   beautiful   salt  in  made  by  neutralizing  a  hot   solution  of  cream  of 
tartar  with   Bo^llum  carbonate,  and   evaporating  t<»  the  oonniHtenre  of  thin 
8yrup.      U  separatt'H  in  lartje  trnn»parent  rhomliio  prismH  with  hemihed 
facea  ;  they  efflorepre  slightly  in  th<*  air,  and  dissolve  in  IJ  parM  of  ool 
water.     Acids  pnH'ipiinte  cream  of  lartnr  from  thoKulutiou.     Bochelle 
has  a  mild  saline  taste,  and  is  used  a^t  a  purgative. 

A  mraon  i  ri  m  Tnrtratrs, — The  nnttml  fnrtmff  is  a  soluWe  and  pfflorr«- 
cent  salt,  containing  CJlj(NH,),0<  4-  Aq.  The  nrid  tartr^itf,  r^Hi(NH,)(),. 
elosely  resembles  onlinary  cream  cif  tartar.  A  salt  analogous  to  Hochello 
salt  also  exists,  having  ammonium  In  place  nf  sorlium. 

The  tartrates  of  mfrinm,  harium,  ttrtmtitim,  iwi'/rc'iritiiR,  and  of  moat  of  tl 
heavy  metals,  are  insoluble,  or  nearly  so,  in  water. 

Potaimio-anlimoniouii  Tartrate,  or  Tnrtar  emftic.  Is  easily  made 
hv  iKuling  antimony  trioxiilo  in  Holntion  of  rrenm  of  tartar  :  it  in  di<p(»ittTd 
from  a  hoi  and  eoncentratifl  aolutktn  in  rhombir  octohnlrons,  which  dis- 
»oive  without  deoomposili'^  ^if  oold  and  3  uf  bulling  water, 
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and  hiiTe  on  acrid,  extromeljdisagref^able  mrtnlltc  taato.  The  solutiun 
<l'-'0<tiiiiMJHi.>(t  by  liuth  aL'itU  aud  nlkali<.'<i  :  tbv  ftirimT  thntwu  dewn  a  itii 
turp  of  irreaui  of  tarUr  and  autimonv  irioxido,  niitl  the  laltrr  tlii>  Iriuxidf, 
whiflb  is  again  dUdolvvd  by  grvat  exctvs  nf  the  rvogvnl.  ijulphurfttt-d 
hydnigen  Hoparat*-*  all  th*i  antimony  in  tin?  mIaIo  of  triAulphiiU.  The  ilry 
ttall  htiate*!  un  charcoal  before  ihu  Uuirpiptj,  yiiddu  a  globule  of  luntnlliu 
anlimouy.  The  crystals  iM>iil:iiu  2L\H,K(rfliO)*>, -+■ -'^4-,  the  group  SbO 
acting  ax  a  anivalent  riulicU^  ami  rfplunng  one  atom  of  bydrugen.  Wben 
driod  at  UK*^,  they  give  otT  their  water  of  crystallixaUoD,  and  at  2(HP 
(301£U  F.)  an  additional  moleculu  of  water,  It^aving  the  oouipouud,  (.'4II 
(SbiJ)O^.  which  hau  tb«4  coiuttitutiun  of  a  salt,  not  of  tartaric,  hut  of 
treliu  Otiid,  C«H/Jj.  Nevertheless,  when  iliHa(dved  in  water,  the  crystals 
again  tukti  up  llie  elementM  of  wat^^r,  and  reproitui::e  the  original  salt. 

All  aualogotitt  compound,  ooniaiuiug  arsenic  in  placi*  uf  antimony,  has 
been  obtaiiitMl.     It  baa  the  same  oryi«taUine  form  as  tartar  fliuelio. 

A  HfduLion  of  tartaric  aiid  dinsttlvtM  ferric  hydrate  in  large  quantity, 
fonniug  a  br«>wn  lii{uid,  which  hozt  an  a^'id  reac<cion,  and  dried  up  by  gentle 
beat  to  a  brown,  transparent,  gloiuy  hulwtance,  di^lttute  of  all  traces  u 
cryiitalUzatiou.  It  is  very  soluble  in  water,  and  tlie  »olution  is  nvit  p: 
oipitated  by  alkalit^,  either  fixed  or  volatile.  Indei'd,  tartaric  acid,  od 
in  suffif'ient  quantity  to  a  Holution  of  ferric  oxide,  or  alumina,  entirely  pre- 
Teutit  the  precipitation  of  the  base6  by  exofits  of  amnmnia.  Tartrate  and 
ammoniacal  tartrate  of  iron  are  used  in  mMlieine.  these  com}>oand»  having 
a  te«B  disagrcuablit  tasto  than  mi)ht  of  the  iron  preparations. 

Solutions  of  tartaric  acifl  give  with  lime  and  baryta-water,  and  with  lead 
acetate,  white  pr«iij)ilateii,  wbi^■h  dissolve  in  exaiss  uf  the  acid;  with 
neutral  calcium  and  barium  salts  no  change  is  pnKlucetl.  Silver  nitrate 
proiluces  in  Ufutriil  tarlrati^  a  white  precipitate  of  silver  tartrate,  wliivU 
dinstdvtflt  in  nmmfinia.  On  gently  beating  the  snlutinn,  a  bright  nietiillio 
deiKMit  of  silver  is  forminl.  The  reaction  of  tartaric  avid  with  twliitluud  uf 
polussiuni  salts  lias  beeu  already  uuticnl. 

Tartaric   Rthera. — I.  Tartaric  acid  forms,  with  mnnaldmlc  alcohol - 
radicles,  acid  and   neutral   ethers,  in  which  une  or  btjtli  of  the  atoms 
iMiJtt'r  hydrogen  tn  IUh  molecule  is  replaced   by  au  alcohol -radicle.     Thi 
ooupouudtf  niay  be  forinulated  as  follows  : — 


lib  113 


I  (OH), 


Tartaric  acid.         Aetd  ethyl  larlmre        Neutral  ethyl  tartrate. 

Th«  aold  «thorn  are  mnnoboaic  acids,  fnrm<td  by  the  direct  acltun  of  lartArIa 
acid  on  the  rwtpective  alcohoU  :  the  neutral  elhcra  are  form*<a  by  pantiiitg 
hvdroohlnrio  arid  gas  into  a  solution  of  tartaric  acid  In  an  aloi.hol.  Further 
bv  treating  then**  neutral  etheri  with  chlorides  of  ocid  radicb-*,  oilier  neu- 
tral  eth.'M  are  formed,  in  which  one  or  more  of  the  alctibi.lio  bydrogeii- 
aloms  are  rHpIaoil  by  acid  radicles.*  In  this  manner  are  formed  such 
compounds  as  the  following  : — 

ion  r*^."»^        cm  ^<<*^"> 

<c,no  ?oc,H,o        <c,!i,)  ?o(',H,o        p\Y\  ]  (o/\n  O,) 


EtbyI-aceto*tnr(rftte. 


Ethylteelo  bei 
tartrate. 


Ethj'lnuroino 
fmrlr"*!!* 


The  alcoholic  hydrogen  In  these  nentral  etbeni  may  be  ruplaood  b/ pot 

slum  and  sodium. 

•  P  e  r  k  1  n ,  Chem.  Soc.  Joura.  [S],  r.  ISB. 
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2.  Tht-ro  are  also  Mms'ir  tartaric  fthfrm  fitrnuMl  hy  rvplacinj;  tbo  alcoholic 
b/drogeu  uf  tartaric  acid  with  a^id  radicltM  ;  e.  y., 

(CA)|«^.,0  CCH,)|(OC.B^).  (C.H,)|CO«^). 


Benxotnri'irlti  ttciO. 


Diactf  totnrtarlo  aolil. 


DlnltroTnrtnrlc  Mcid. 


3.  LoKtl.r,    tartario  acid  furnis  vlUon  with  glycol,  glycerin,  manim 
gluaoso,  and  ether  pulyatoiuic  alcohola. 

DinitrMartarie    acid,  C,U,(O.NO^,<[{*"|{»  in  which  buth  the  aloohoUl 

hrdrogeii<atuiui  of  tartaric  ru'id  ar«  ri»i>Itt«;»H^l  hy  NO,,  in  furun'il  by  dissulv 
iu;;  fio'tly  pulvvfUt^d  tjirtaric  aci<L  in  strong  nitric  ticid  and  a<ldin^  suU 
phurio  add  :  it  Ihuu  sep.irat<^  ah  a  Jdly,  nhifhdrit's  up  tu  a  whitu  ttliitiingl 
iut94.     ItisaoluMi*    in  water,  ami   tbu  sol lition  when  healftl  yitfld.i  tur-j 
truuic  add  (p.  l:t^), 

Tnrtarir   Anh  yttrifif  m  . — "Wln-n   crvBtallixrd  tartaric  arid  in  f»x| 
to  a  tt'iQj>T:iHirt?  of  alwut  StM-*  <:.  (Mltn.jo  K.),  it  inidts,  loses  wattir,  aiiit'l 
yiistdd  in  iiuocoiiston  throe  ditforeut  auliydridtti,  via.  : — 

feDilarta^i^  or  Tartralio  add 
Tartrtiltc  acid 
Inaolubto  tartaric  aiibydrido 
rtit  two  are  suIuIjIh   in  water,  and  form  »altH  which  have  projwrl 
*iti'Iy  dlirHront  frrmi    tliiwe  of  ordinary  tartarir  arid.     Tlif  tUird  is  «i 
wimi?    infiolublo    powd»'r.      Ail    three,  in    itintavt  witii  water,  slowly  ]»aaa. 
iutu  ordinary  tartario  acid. 

Tartaric  add,  subjected  lu  dustructlvn  diHtillatfon,  is  reuolved  Into 
bon  dioxidu  anil  pyrntarlarir  acid,  t^Hg^^. 

Wtien  tartaric  acid  ia  hcatt'd  to  2lt4.r>o  c.  (4(K>.lc  K.).  with  oxivaa  of 
]>otaH^iiita  li/tlroxifle,  it  in  n^nlved,  without  charring  or  utwondary dt'foia- 
]>o«iti  iQ,  into  oxalic  and  aootic  acids,  wliicli  rHinnin  in  union  witli  tbu  liano, 
and  undergo  d(»coinp<»itinit  at  a  much  higher  luuipcrntun*  : — 

C,n.Og     -i-     2KII0     =     fjKIIO.     4-     (V>,K<>,     -f     2llj0. 
Tnrtario  Acn)  jiotnit.  Ptti/iitaituii 

aold.  alum  oxalHtc.  acclMle. 


C,H„0u«2C,U/),  — 11,0 


I 


2.  LsroTARTA.Ric  Actu. — This  acid  resvmblefi  dt><xtrotartaric  aoid  In  erory 
tespcol.  vxoopt  that  it  tarns  tli«  plnno  of  polarization  to  ihc  K*ft,  and  that 
its  HalU,  a-H  widl  an  tho  acid  itflrlf,  llioiigli  isomorphouH  with  th«  ourr»- 
Hponditii;  ditxtro- tartrates,  ouutaiu  oppotiitcly  situated  hinuihedral  fawa 
(:10V  bulow). 

3.  Paratartaric  or  RArsMic  Acin. — This  acid  occura,  toj»elht?r  with 
ordinary  tartaric  acid,  in  tht^  grapes  cultivated  in  certain  districts  of  tht* 
UpptT  KUiuu  anil  in  thu  Vrw^es.  To  separate  it,  the  mnther  liijuor  of  thrt 
ar;|Ol,  obtained  from  thc-^e  grapes,  in  Iwiil.d  with  chalk,  tlif  lahinm  s.-ilt 
which  neparateii  is  duoomposed  l>y  sulphuric  acid,  and  the  filLrato  is  evap- 
orativt  to  the  cryatalliiing  i^tint.  The  cryntaN  of  raomnicaeid  U'ing  rfllur- 
©scent,  are  easily  separated  by  mechanical  mean»  from  the  shining  cryatala 
of  ordinary  tartaric  acid. 

Kaci'iuic  aoid  may  Ih>  formml  arllQuially  by  oxidizing  mannltc,  dnidte 
or  miicie  acid  with  nitric  aoid,  aud  syntbctically  by  Iwiling  glyoxal  with 
hydrocyanic  acid  and  a  umali  quantity  of  hydroohloriu  acid  : 
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tei 


con 
con 


4-    2CNI]     +    4H/>    1-    2N1I, 


cti(ou)— can 

+  1 

(:u(0H)— c'(),u 


furtUcr,  togi'thcr  vrith  inactive  tortario  aoid,  bjr  boilLug  dibrumosuccUtic 
acid  with  sihvr  oxido  siud  w«ler  : — 


fllDi^-COjH 


+     2AgOH    «-    aAgBr    +      | 


cn(on)— co,H 

CH(OU)— tO,H 


most  readily,  h^m-wer,  hj  healing  ordinary  tartaric  acid  with  about  ono- 
Ujnlh  of  ita  w«igUl  gf  water  to  17v»'^le"-»o  C.  (339^:iri»iO  K.)  In  acalc*! 
vut(flt*bt,  l!i.'  dextrotartaric  a*.id  iKjing  lUun-by  oumpU'toly  coiivyrt*^!  iulo 
ijiacrtivt«  Lariaric  and  raoomic  ocid^,  which  may  he  aotiaratttl  by  crystalli- 
sation,  tho  rawmic  acid  buing  much  Lb«  b>6t)  botublu  i>(  the  two. 

The  cM»nvi'rsioii  of  tartnrio  acid  into  rateinic  acid  was  originally  *^f«ct«l 
by  l*a«tinir,  by  beating  uthyl  tnrtratti  or  L-inchonino  tai-trate  to  abont  lli^ 
C.  (33b<^  F.)<  <^n  rHpL>aL«*diy  iKiiUng  tho  ppMliict  witti  waUT,  and  mixing 
the  ojolt^l  Holntion  with  i-xet^s  nf  rnh-iuui  ehluride,  a  couaidcrable  predpU 
latti  of  unh-ium  racvmau*  \a  obtained. 

liaotmiic  aeitl  rr_>  st.HlliK-rit  witli  1  molecule  of  water  in  rhombic  prisms, 
wliielt  givo  tiff  their  water  at  llKJO.  It  iu  somewhat  li-ttri  Holuble  iu  water 
than  ordinary  tartaric  aeid,  and  has  no  action  on  polarized  light.  It  is, 
in  fa4.<t,  a  tuaupound  of  dextrtv  and  luvotartaric  acids  in  equal  tjnantitiea, 
and  may  bo  rusolved  into  thosu  aoida  (lirough  ihu  medium  of  some  uf  ltd 
doul>l<9  Halts. 

When  rjuwmic  avid  is  saturated  with  potash  or  soda,  or  any  other  singla 
ba»e,  a  Halt  is  obtained,  all  tltcoryHlaU  of  which  are  identical  in  form  and 
in  phyMiiAl  [iro|»<;rtie«  ;  but  by  Kalnrat- 
ing  raeemJo  acid  with  two  basi>«,  as  wiilt 
s^NJa  and  anmionia,  or  by  mixing  tho 
raoemat«»  nf  sttdium  and  of  auuuonium 
in  equivalent  prnjmrtions,  and  eva]>o- 
rating  the  solution,  crystals  nf  a  double 
salt,  t'JI/\Xa(NII)f,  are  obtained,  anal- 
ogoutj  to  Uui'belle  salt,  tlie  form  of  which 
is  Hliiiwn  in  ftg.  17&.  It  is  a  right  rect- 
angular prism,  P,  M,  T,  having  its  late- 
ral Oilges  replaced  by  tho  faces  /»',  and 
the  interstKition  of  Ihi'Se  latter  fares  with 
till)  facM  T  replaced  by  a  faee  A.  If  the 
crystal  were  holniu'dral,  tluTewnuld  bo 

eight  uf  th<^so  A  faces,  four  alnive  and  four  b«1ow  ;  bnt,  as  the  flgiires 
shnw,  there  aro  but  four  of  thi-ni,  p]ac<^  alternately.  Morwivnr,  tbeso 
hemihedral  facets  occupy  in  dilTorenl  crystals  of  tho  Halt,  not  similar  but 
opi>osiie  or  syrametrical  positions,  the  one  kind  of  crystal  Wing,  as  il 
wrro,  the  rellw'ttil  iniagn  of  the  nther. 

Further,  by  carefully  picking  out  thmn»  two  kinds  of  crystals  and  dis- 
solving them  separately  in  water,  solutions  ar«  obtainiMl,  which,  at  the 
same  degre**  of  concentration,  exert  etjual  and  opposite  actions  np^n  ]M>lar> 
light,  tho  one  deflating  the  piano  of  polarisation  to  the  right,  tho 
by  an  equal  amount  to  the  left.  Morfover,  the  solutinus  of  tho 
Ight-  and  left-handed  crystals,  when  evn|Mirated,  yield  crystals,  each  erf 
>wn  kind   only  ;    and  by  mixing   the  sululions  of  these  ervKtals  nith 

Idum  chloride,  calcium  salts  are  iibbuneil  which,  when  dec'om|>osed  by 

ilpbnric  acid,  yiehl  acids  agreeing  with  each  other  in  composition  and 

«vcry  other  respect,  eao0|»ting  that  their  oryslalUne  forma  exhibit  o|i- 
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poilfc  tnwflirfwl  fmtitratiinw,  And  Uh-u-  mImImm.  when  rvdttoedtol 

MBW  dqgnw  of  conevntratinD,  cKen  cqoml  ft»d  Ofponir  tfftfcU  on 

lii;fat.     On«  of  thcMv  acids  Is  in  (ftct   dtrxtrnlttrtariCt  t^Mtiar  l«v»< 


tarl&ric  ftcid.     A  nuxturr  U  c^uaI  p^ru  of  ib«ac  tw«  aodi  Imm  bo 
loiifvr  the  sbgfateM  effect  on  poiarisod  lij^it,  and  ii  im  ervij  rwptct  idcm- 
tieal  witk  raonue  acid. 
4.  bracnm  Taktjuuc  Ana  cr  UaaoTAiTAafc  Acia,  is  termtd  hy  oxidis- 

lujg  Mrbia  (p.  6:!3)  iritli  nitric  arid  ;  alao,  losvthrr  with  racvmifl  acid, 
fnna  dUmntoaaocinic  at-id,  and  tram  gljroxal  (p.  674):  bnt  it  is  imat 
pmpar<<cl  tij  heating  oniinarr  tartaric  acid  with  a  link  wati-r  tt>  || 
(J:!:^-  K.)   for  two  dAjrc.     It  w  M>para1«d  fri>ta  Diialtvn-d  tartaric  acid, 
Irotn  niiuaUanr<juAlv  formed  rafvnuc  acM,  liy  converting  it  into  the  acM^ 
|>rit9i»4iiiiu  salt,  whii-h  'n  rerj  svtuttit?  io  wnttfr. 

liiikctiTv  tarlAru  m-'vi  i«  much  m*>rf*  soluble  tn  watt*T  than  ordinarr  tar* 
tarie  or  racvmic  acid  (!•*  parts  of  it  diss^ilvf  in  ,«  pArls  fif  wjit«^  At  16*-  C, 
(Ol't'  K.)).  It  iio-!i  nni  deflect  llitr  planv  uf  polariiaiion,  but  diffrrv  from 
raccniic  a<*id  in  not  tifing  resolvable  into  the  two  activt«  arid*.  Wh«fn 
hcAtwi  tv  17lP  C.  (XJb^  F.)»  howewr,  it  is  oouverted  into  dvxtroti 
acid. 


B  acM, 

v«s|faLJ 

It*  atf«ii 


UoMOTABTaaic  Aci»,  C,H/),  =  C,n,(OH),<^^»^  ,  of  which  very 
U  known,  U  formed  from  dibrt)mop/n>tjrtaric  add. 


J  of 


Rbodlsonlo  Acid,  ^J^S^f — W1i*-n  potassium  ishcnted  inastrearo  of 
dr^  carliuu  uiunoxide,  tlic  lattt^r  i»  ahsorbfd  in  large  quanlitv,  and  a  bli 
pnmuii  8ulj0tai)c«  gtrnerat^d,  which,  according  to  Iltiidie,  t-ontainii  CO] 
Brought  in  contact  with  wai^T  it  deeomp<w««  with  great  violence,  and  ei 
thtf  dry  auhvLanco  occasinnally  cxpl»«U«  ;  wh«*n  niihTdnrntt  nk^diul  m 
]>'iiir«>d  njKin  it,  a  great  t-levation  of  tfin[H'raliir«-  t'lisDrti,  hnt  thf  d*H-om- 
po^jtjnn  U  far  U-as  violent  than  with  water.  The  product  of  this  r^-action 
in  jHjtojiMiuin  rhmlizonatf,  which  romaiu*  aa  a  rwl  jtowder.  insuluhle  iu 
alojhol,  t>ut  soluble  in  uatcr  with  a  det-p  red  color.  This  fialt  prubal 
ouiitaiuK  (.'^H,K,<\. 

When  Holutina  of  polaa^ium  rhodlzonate  ia  boiled,  it  b(rcoini*s  on 
yullow  from  decomposition  of  the  acid,  and  is  then  found  to  contain  frae 
potaah,  and  a  paU  of  Croeonic  acid,  (.'jH,0^.  This  acid  can  be  iso- 
liiti'd  ;  it  it)  yt^llow,  e&aily  crysiallizabU\  solable  both  in  water  and  alcohol. 
It  i»  likewiae  bibaaic. 


[•It-    lU 

•babl^ 


Citric  Aold,  C.H.O,  =  *'»"if<^*")5(^^3HV— This  acid  is  obtainwi 
in  l.irj;*?  quautiticH  from  the  jaic»i  of  lemons  ;  it  in  found  in  many  other 
fruits,  as  In  gooseborri**.  currantB,  etc.,  iu  conjunction  with  malic  arid. 
To  pn>pare  it,  the  juiw  i«  allowed  to  ferment  a  short  time,  in  order  that 
mueUai;i>  and  other  impurities  may  separate  and  sulmiile;  the  clear  liquor  is 
(hell  iinrefully  Maturated  with  chalk,  whereby  iuHoluhle  caKiuui  citrate  ia 
pntflueeil.  Thin  is  thoroughly  wa»he<l,  deoompot*e<l  by  the  proper  quan- 
tily  <if  sulphuric  acid  diluted  with  water,  ami  the  DUereti  solution  i;*  eva- 
iwirat4wl  toAxmnll  Inilk,  and  left  to  cry«tallizii.  The  priKluct  in  drained 
from  the  mother-li<{Uor,  rwlissolved,  digent^Ml  with  animal  charcoal,  and 
AKain  concentrati*d  lo  th»«  crystalliiing  point.  The  acid  has  not  yet  Ijeeii 
obtained  by  any  synthetical  process. 

CItriu  acid  cry>*fallixefl  in  two  dilTervnt  forms.  The  crystalB  which  sepa- 
rate by  rt|KmtaueouH  evaporation  from  a  cold  »alurated  solution,  are  trime- 
trie  prJNmff,  containing  '-'Jl^||^•7•ll/^  whereas  thoite  which  are  de]fuditeil 
from  a  hot  solution  have  a  ililferful  form,  and  contain  2<.',ll,(>j.ll,0.— ^ 
Citrio  acid  ha-s  a  pure  and  a^Teeablt'  acid  taste,  and  dis^olve^,  with  grei 
oaiM',  In  iMdh  hot  and  cold  water;  the  solution  strongly  re^ldena  litinn 
and  when  long  koyt,  i»  subject  to  spontaneous  change.     Citric  addf  wht 
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bronght  in  contact  with  pntrid  flesh  as  a  ferment,  yields  bntyric  acid  and 
Bmall  quantilioa  of  suceinic  acid.  It  is  entirely  deeompofled  when  heated 
trilh  siilphuiic  and  nitric  acids:  the  latter  converts  it  into  uxalio  acid, 
CniiMic  poljuh,  at  a  high  temperature,  rtwolv(«a  it  into  acetic  and  oxalia 
Acid:!i.  The  alkaline  citrates,  treated  with  chlorine,  yield  ehluroform,  to- 
gether with  other  products. 

Citric  acid  i»  tctrntoiuiu  and  Iribosic.  With  potatsttim  It  fortns  &  u«tntral 
salt  oonlainiag  C^H^KjO^  and  two  acid  aalts  containing  ri-spiT(tv<.<ly 
CfHgK^O,  andr^HjIvOT;  and  fiimilnraaitti  with  the  other  alkali-metal:^.  With 
dyiul  motaU  it  oliielly  forms  Halttj  in  which  two  or  thretf  liydrogeu-atoniH 
in  the  molecule  *-\I1»<>t.  ^rr  replaced  by  mt'talii  ;  with  cn/riufu,  for  exanipli*, 
it  forms  th«  salts  LyV-'^^*:  +  "2*^  »"***  (^'«*U'N)3*'»i-4-  H,0.  With  /wirflt 
fiirma  two  salts  flimilur  in  constitution  to  tUe  calcium  ttalts,  and  likewise  a 
tfftrapluuibic  sail  i^ntaining  (('gH5C),)3l'bj.l'blijOj. 

The  citrates  of  the  af/Mii'-mtftoU  are  soluule,  and  crygtallize  with  greater 
or  less  facility  ;  tlioiie  uf  barittm,  stronduw,  cuAium,  l<nd,  and  »itvcr  are  iii< 
soluble. 

(.'itrio  acid  resembles  tartaric  acid  in  Its  relations  to  ferric  oxide,  pre- 
venting the  precipitation  of  that  siibstanov  by  excess  of  ammonia.  Th« 
citrate  ohtaintftl  by  dinHolving  hydrated  ferric  oxide  in  solution  of  citric 
acid,  driiv  up  to  a  piilu-bruwo,  transparent,  amorphous  mass,  which  is  not 
Tery  Kolnble  in  water  ;  an  addition  of  amniDnia  increants  the  soluliility. 
Citrate  and  auimouiocitrate  of  iron  are  used  na  uieilii-iijul  pre{iaratiuus. 

Citric  acid  i^  sumetim^'^  ndulterut'wl  witli  tart.-iric  acid  :  the  fraud  is  easily 
detected  by  di^sitlvJng  the  acid  in  a  little  cold  water,  and  adding  to  the 
Btdnlinn  t\  small  quaniity  of  jjutiisKium  acetate.  If  tartaric  acid  Iw  present, 
a  white  crystalline  precjpitflle  of  cream  of  tartar  will  be  produe«*d  on  agi- 
tation.  Citric  acid  is  further  diKtinguishe<l  from  tartaric  acid  by  the 
characters  of  its  calcium  salt.  An  aque<ms  snlutiun  of  citric  aeid  is  not 
prcH^ipitated  by  Itme-water  in  the  cold,  but  on  boiling  a  precipilato  isforminl, 
consisting  of  tricalcic  citrate,  insoluble  in  potash-lye  Calcium  tartrate, 
oil  the  other  hand,  dissolves  iu  alkalies,  and  is  precipitated  thert'from  as 
»  j<'lly  on  boiling. 

<.'itric  acid  forms  others  in  wtich  1,  2.  or  3  hydrogen-atoms  are  replao#»d 
by  methyl  and uttiermuniid  alcohol-radicles.  Tin.' neutral  ethers  areforme*! 
by  passing  gaseouH  hydrogen  chloride  into  an  alcoholic  solntion  of  citric 
«ciiL  Tho/nWMy(>f/A<r,  C,n,(OH)(CO,.CHj|).  is  crystalline:  lhernf<Ay/«; 
efArr  boils,  with  partial  dee<miiM>sition,  at  aUjut  2m)6  C.  (53«P  F.). 

By  treating  thejtn  neutral  ethers  with  acetyl  chlorid«,  the  alcoholic  hy- 
drngen  may  aUo  be  replaetnl,  and  triethvlic  acet  ocj  irate,  C,H((0. 
C^H,r))Cro,C,H6>g,  prMuced,  which  U>iU*  at  2^80  c.  (.%.'in.4'^'  F.)-  Ry 
treating  the  same  ethers  with  nitric  a^id,  the  alcoholic  hydrogen  ni&y  be 
replaced  by  NO,. 

I 

^B      Ap  08  or  bio  acid,   C^HgO,  =  r,Ha(OH)j<^.J^'{}  .  wWoh  nuiy  be 

^Kgarded  as  a  trioxvpvrotartario  acid.     It  is  productni  by  oxldiiing  sorbin 
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PenLatomlo  Adda. 

Of  these  only  one  is  known,  v'lt.,  tlie  bibasin  Rcid — 


ith  nitric  aind,  and  cryKtallirrs  in  small  lamina?,  easily  soluble  In  water, 
l^iH  melting  with  dccompositluu  at  about  llO-'  C.  (230^  F  ). 
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Hexatomto  Aoida 


Olooonio   Aoid,    <~'AlI|,OTBC2H,(OH)^.rO|n«  in  obtainM  byoi 
dijiing  grBpe-fiugar  with  chlorine  wntor  nnd  rempving  thn  chk}r)ne  vti\ 
fiilviT  oxidn.      It  in  a  non-rrvstntlixablo  Hyru|t,  eudily  t)oliibh<  in  watrr,a| 
iH<arly  iiis4ihililo  in  nltvihitl.     It  is   mfiiinliii><ic.     lu  (vilpium  and  hani 
salts  anil  tin*  ctliylio  otlii*r   urv«t»Uize  woll ;   tlio  funitula  of  the  calcti 
Malt  is  ((  jll(,0,),(:a  +  211,0. 

Mannitio   Acid,  CjII^Oj  =  CjH.COIDi.COjH.  is  produced  by  pj 
d;ttum  of  niAimitc,  ('f|ll,jOgf  under  tlu-  intluunix*  of  platinum  Unck.     It  u 
gummyihusH,  ttnltililo  in  water  and  in  ahvUoU  iuftolultltt  in  olU(<r,    Act 
ing  tu  iU  uwKle  (if  formulton  it  might  In*  oxpected  to  ix*  uiouubuaio: 

Mnnnito.  CH/UT— (rHoM),— ClUcUl 

Mannitic  acid,  Cll,OH— (CHUH),— <'(M)1I ; 

hnl  from  the  observatloTia  of  Oorup-Rwinneis.  who  discoverfd  it,  it 
to  Ix'  liibasic,  its  ]M>tasAium  isalt  c()ntaitiin<>  C,l(j„K(l,,  and  the  calclv 


*"iu 


Saccharic   Acid,  C\H,(,n„  =  (C,H^) 


(OH), 


CO.OH— (ClIOH),— i:O.OH.— This  acid  i>i  jtrcHluced  hy  Ihfl  action  of  dilute 
nitric  twvi  vn  caui*  viit^'iir,  g1u(H)«^M,  milk-bugar,  and  maniiite,  and  in  ot'trn 
formed  in  the  preparation  of  oxalio  and,  LK.<in>;,  from  its  Mujjerior  st>luh)lil,v, 
found  in  the  inutht^r  litiunr  from  wlticli  tliL>  oxalic  acid  hai>  crystal  I  ixf>d.  It 
ma^-  bu  made  by  heating  t<igeLhur  1  piul  of  Hugar,  2  jiarta  uf  nitric  acid,  and 
10  partji  of  wuU*r.  Whun  Ihe  ri-aelinn  HccntK  ti-rminaliHl,  the  auid  liquid  ia 
dllultHi  and  iii'Utralized  with  chalk:  the  fiUere<l  liqnld  is  mixed  with  lead 
acetate;  and  liie  in^uluble  lead  fiaecharate  h  washed,  and  deLHiuijKisfd  by 
HulphuretttHl  hydrngm.  The-  arid  shiwiy  crystallizea  from  a  Holntinn  of 
Byrupy  ennsiBtenee  in  hmg  eolurh-ss  ne«'dles  ;  it  Ima  a  sour  t."U*te,  and  forms 
Mdulde  Hults  witli  lime  ami  baryta.  Wh*?n  mixixl  with  siIvlt  nitrate  it 
givtK4  no  precipitate,  but,  on  tint  addition  of  ammonia,  a  ^hite  insolubl 
Bulwtano*  Bt-parati-a,  which,  on  gt-nlly  warming  llie  wlif>U-,  is*  redu.'cd  toT 
uietallio  silvt-r,  the  vessel  iH'ing  lined  with  a  Kmonlh  and  brilliant  eon.ting 
of  the  metal.  Nittie  acid  eonvertH  t>uei-harie  into  ujcaliu  and  dexlrotartariu 
acids. 

Them  nro  two  potassium  facrMratrn,  containing  CjlTiKO,  and  C^Jl^Kp^; 
the  nilrer-icnlt  ooutuinH  C'aH|ApjO,  ;  the  hun'utn^  tmrfjiirxniifiy  zinr^  and  aidimium 
Biiifs  have  the  onmiHtT^itiioi  t'rtll|M"l\i  and  tlit-rc  are  two  r/hi/lir  rtlimt^  koU' 
laining  (■,ll|((\Hj)Og  nnd  ('jH|(<_\H-)jOj,  In  tlii-se  coinpoiuida  saechario 
aeid  iippfars  tn  l>e  bibattiu,  as  might  Iw  expected  from  itii  eouiititution,  and 
uiodK'  of  fonnation  ;  the  eompi>*4itinn  of  the  lead-fmltj^,  liuWi'Ver,  Hi^euis  to 
show  that  it  i^  sexboijle  as  well  ax  hexatomic,  for  Heintx  has  obtain(.Hl  a 
lead -Halt  ivmtaining  <'»H,I'b,(>, ;  but  t  lie  cnm  position  of  the  Imd  eaoehnratea 
varirt*  ronhidiTably  aci-ot-ding  to  the  mnnnrr  in  which  tlu-y  ari:  pr»'pari*d, 

Oiethflk  Sifrrhtrralf.,  ''i^^tOlO^^CiJ.jj'Vf.  ?.    ,  is  cryslalline,  and   easji 

Bolnble   in  water.     Ammonia  eonvfrtb  it  into  the  amide  C4H^(0n)j(C0, 
NUj),  which  is  a  white  imwdcr.     The  »?ther,  treated  with  acetyl  chloride^ 

yields  th*  letraoetylie  compound  C4H,(O.C,HjO)4<^J^*»-^»^*  . 

Macio  Acid,  r.H,oO,  =  C,n,(On)4(CO,H)„  isomeriu  withsftcohario 
a^d,  ifi    productid,  together  with  a  flmall    quantity  of  oxalic   fciid,  by  lh*K 
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Hion  of  ratln-T  dilute  uitric  nci<l  on   Ptig.ir  and  gum.      It  mny  Iw  easily 

irepared  hy  lu-aling  logc-iliPr  in  a  fluik  or  rf^tort,  1  part  of  milk-sugar  or 

im.  4  parta  of  aitric  acid,  and  1   part  of  waltT  ;  tht*  iiiutio  aoid  is  &(U^r- 

rhrda  enlli^oted  upon  a  Hltcr,  u'a>t}u.><l  and  dritnl.     It   had  a  slightly  sour 

tU:,  and  reddens  vi'^etable  cvdors.     It  rt'ijuirca  for  Huhition  66  porta  of 

»IIing  waWr.     By  prolougtnl  lx>iling  with  water,  it  iit  inverted  into  the 

Mitnorir   parainuoio  acid.     Ry  lioiling  with  uitric  acid  it  is  reaulvwl 

Into  uxalii:  and  racejuic  auidsj.     It  Ih  dti-omiKMod  by  huat,  yielding,  among 

lh«^r  pri>durtit,  pyromiicic  auid,  C^UjO,  : 

C,H„0,    =    CjU.O,    4-     CO,    4-     3H,0. 

Mucic  acid  ia  bibosic,  yielding  for  the  moat  part  nontral  salts  containing 
,llgM]jOg  and  r^lIsM^'Og;  with  thu  aLkali-iuflAta  it  alau  furuia  acid  salf^, 
luth  as  r,H,KO,. 
Tho  ntmtral  {lotaaKinm  and  ammonium  salts  cryBtallizp  w«ll,  and  are 
It  Bliglitly  soluble  in  cold  water  ;  the  acid  aalts  are  i>a.si]y  soluble.  Tho 
Ivutral  aiuiuonium  salt  ta  rt<4ftulvi*d  by  beat  iutu  ammonia,  ualor,  aud  pyr- 
I,  C,H,N. 

Oiethi/fic  Muajtf,  C,n,(OH),(CO,.C,HJ,,  obtained  by  heating  mucic  add 
rith  aloohot  and  Hulidiuric  arid,  in  rryalalline,  flolublt*  in  hot  water,  melta 
IflSO  t'.  (31(i.40  F.),  and  ia  ennvertvd  bv  acetyl  fhlf>rid"  into  tin-  U'ira- 
•tyl   compound,    C,H,(O.C,U,0)j(COa.C|HJ„    which    melts    at    177^  C. 

Deozallc    or    Racemo-carbonio    Acid.    r^B^O^,  probably 
r,Hj(Oll)^((_'OjlI)3,  i-i   pioduced    liy  Ibe   artioii  ut  Hudiuiu  autalgam  OU 
Ithyiti;  uxalato: 


3C,H,0^    +    4n, 


+   ^'.n.o. 


Dcnxalio  acid  ia  not  known  in  tlie  frw  stat**,  Udng  resolved,  on  erapo- 
Lliuii  of  ita  a^uuoutf  aulutlou,  into  racemiu  and  glyoxyliu  acids  : 

C.H,0,    «    c,ii,o,   +    r,H,o,. 

The  acid  is  osaentially  tribaijic,  ita  aunnoDiani  salt  having  the  composition 
^'illi(^lli)3<*(i+  H/*;  but  it  nlno  forms  suit;*  in  wliiib  4  atuma  of  hydro- 
gi'ii  (nju;  .-ilc'ohalic)  arc  replaced  by  metal,  tlic  hilvLT  suit  being  C|II|Ag,0, 
-f-  H,l>,  and  tbn  barium  salt  C^iljlbu,*!, -|- -illj**.  Uy  the  .n-lion  uf  lu-etic 
acid  ou  ita  ptdaaaium  ualL  it  'a  reiiulvud  iuto  acetic  acid  and  Lo\«  Ig'a  deux- 
alic  acid,  C^II«0, : 

2C,II^0,    =    C,H,0,    -f     2C4H,0.. 

Thlc  laat  acid,  C3H(0II)j.(CO,H)„  forma  large  colorless  cryatals,  eaaily 
aolnblo  in  water  and  in  alcohol.  It  li  tribasic.  Heated  with  water  to 
ICKP,  it  ia  reaolved  into  racemic  acid  and  carbon  dioxide : 

CjHjO,    =     CJI/V    4-     CO,. 


Pifrt>mur!c  Arid  and  il§   DertvativeB, 

Pyromuclc  Acid,  f'sH.O,  =  CilljO.COOn,  is  proiluced  by  the  dry 
didtillatiun  ol  mucic  acid,  or  more  advaidageoualy  by  boiling  furfund  with 
water  and  recently  pre<:ipitated  silver  oxide  ;  the  ailvor  is  preeipltatetl  by 
hydnx'hioric  acid,  the  filtrate  evaporated,  ami  the  pyromucic  acid  puri0cd 
by  cryalailizntion  from  dilute  aU-ohol. 

Tyroniucic  acid  cryntallizos  in  colorless  laminae  or  needles,  easily  soluble 
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DEaiVATIVKB   OF    PVauMUCIO    AOJD. 

»at<»r,  mtpfcinlly  if  liot,  m<Kltir;il)'l,v  soluble  in  alcohol.  It  mclU  At 
13-JO  r.  (2714.20  K.).  a>"'i  sublituwJ  nt  ItHK).  U  iii  uiimnbafcic.  The  wVcer 
♦i/'.  CyijOjA)!,  ury»iiiilli«'«  in  Uiuiitip ;  iht*  hanniH  mU.  (<'jH,n,)jBa,  forma 

/atabt  t*at(iW  tutjuhlt*  in  wAler.  Thv  cfAyiV  rfArr,  (^'bH/>gX'i^'5*  o^taintid 
y  ilistllling  the  Bcid  with  hy<lnKihlc»ric  ftoid  fiml  nU*ihol,  is  a  cryiitalUnA 

ass,  mrlting  at  'AAfi  V.  (l»3.*^  F.),  m\A  Ijoiling  nl  2(i8-^21ltO  C.  (40(i.4O- 
4U>^  K.>.  The  chtoruU,  l,',H,0.tXH-i,  produ^yyl  by  dlHlillinK  p.vroniucio  jiuid 
with  pluiitjihuru*  jM-ntnchlorid**,  Uiils  at  \1\^  L'.  (3)!HO  p.).  and  tH  conwrleJ 
bv  ojuuiunia  into  tho  iimi(/r,  TJljO.CONH,,  a  crymaLliuo  ^ubsunoe,  soluble 
in  wttltT,  ami  uinlting  at  ISiiO  C.  (2t>«o  F.)- 

Harium  pyrDintKAte,  til.stllltid  with  Boda-lixne.  yields  tetraphenol, 
C^IltO,  or  C4H1O.OH  (4-oiirlKm  phtsuul),  u  a  uolurlesa  liquid,  boiling  at 
320  C.  (89.<PF.). 

Ijiopyrtiniucic  aoid,  CjII^Oj,  is  produced,  together  with  pymmucio  acid, 
by  thi'  dry  distillation  i*f  niucic  acid,  and  inay  l«j  Hepnraled  frum  tht*  latter 
by  Mnlinn  in  a  Kni.nll  quantity  «f  c«ld  water.  It  sublinn'S  Ndow  llKJO  in 
whit«*  laniiti:r,  whioh  turn  yellow  on  exposure  to  tlio  air,  melt  at  82Q  C 
(179.(30  F.),  dissolve  very  eaAily  in  water,  aleuhol,  and  ether. 


Ctrbopyrrolamlde,  CjH,N,0=.CJI,<;^^^  ,  produced  by  diy 


i 

^^KdfKtillatinn  df  nmmonium  prrMmurnt^,  ftiniia  white  Hhinin^  laroinie,  easily 
^Hioluble  in  aleohol  and  in  ether.  Il  nitdta  at  173^  C.  (343.4^  F.)i  and  do«s 
^■ihit  n-Mdidify  till  t^Kd<Hl  to  1330  i'.  (27I.40  F.).  By  boiling  with  wat«r  it 
^^bii  ruttulved  into  ammonia  and  uarbopyrrolio  aoid  : 


< 


eryRtAllizes  in  amall    prisms, 


Carbopyrroliu  arid,  ^\'^U<^^1^ 


■ublimeA  at  alxtnt  IDO'^  C.  (374^  F.),  and  is  deooniptMed  by  sudden  lieAtinK 
iiitu  oarboD  dioxide  and  pyrrol : 

"^m  CiH^NO,    =    CO,    4.    r,n,N. 

^HBariutn  carlmpyrrolato  crystallizes  in  Inrge  laminie. 

^H  P^rrtil ,  CjH^N,  is  a  weak  baseoocurrini;  in  conl-tar  nil  and  in  lK>ne-oi1, 
^Hand  producible  by  distillation  of  ammonium  pyroniucute  and  of  carlK>- 
^Hliyrrtdio  acid.  It  may  be  prepared  from  bom^-oil  by  ditifiolving  out  thu 
^^g  DA^io  tMjnstitucnts  with  sulphuric  acid,  and  submitting  the  acid  solution 
1^^  to  prolun};e«l  bulling,  wIhtl'Ijv  the  stronger  hoses  are  retained,  while  the 
pyrrul  distils  ii\'it.  Th*-  dtHlillate  ifi  beattid  with  solid  pi>tassiuni  hydrox- 
I  ide,  when  the  pyrrni  oomldneti  eluwly  with  tht*  alkali,  admixed  inipuritiea 
I  being   volatiliu<<l.     On  dissolviug  the  potassium  cuinpound  in  water,  the 

pyrrul  st-parateson  the  surfat-e  as  nn  oily  liquid.  Tyrrnl  is  colorless,  in- 
soluble in  water  and  alkalies,  t>lowly  soluble  in  acids  :  It  has  an  ethereal 
o-ior  rpsembling  that  of  chloroform,  a  itpeotlic  gravity  ^  1.077,  aiul  btiils 
at  1330  C,  (271.4^  F.).  It  is  easily  recognized  by  the  purple  color  which 
it  imparts  to  llr-wood  moi<)tenetl  with  hydroL-hhiric  neid. 

By  heating  an  arid  rtolulion  of  pyrrtd,  a  rod,  flaky  snbstaneo,  p^mJ-reti^ 
is  pnnlured,  etjiuniuiug  t'i,n,,N^n,  the  formation  of  which  is  represented 
by  liie  foUowJug  e<|u.itiini  : — 

SCJIjN     H-     H,0    a«     C„HuN,0    -f     NH, . 

Purfurol,  TjlI^O,  =  r,H,O.COH.— This  componnd,  which  is  the 
aldehyde  of  pyromneic  aeid,  is  formed  in  the  dry  distillation  of  sugar, 
and  by  di:>lilling  hran  with  dilute  sulphuriu  acid  or  zinc  chloride.  Tu 
prepare  it,  1  part  of  bran  is  mixed  vith  1  part  of  sulphuric  aoid  dilui 


FuaruROL. 


in 


3  [inrt8  uf  watrr,  and  the  distillate  is  Baturatcd  with  tiodtam  cArboTi- 
ftte,  mixed  Willi  commnn  salt,  oud  distilled.  On  adding  ourarnon  sail  to 
this  sucoud  distillate,  Itio  furturol  itfparates  from  the  watery  liquid  iu  the 
Jbrm  of  «  heavj  oil. 

Furfurol  i«  a  colurli'ss  liquid,  having  an  af^roi'able  odor,  sotuf^vrliat  like 
thai  of  oil  ofcaiisia.  It  bolls  at  16*20  c.  (323.(P  F.),  had  a  apecifle  gravity 
of  1.164,  vaporMlvitHity  «=  3.493  (rrferrtMl  to  nir),  diaaolvea  iu  12  jiarta  of 
wntflr  at  13*-  C.  (&.'i.4-'  F.),  very  oojiily  in  ftli*<>)iol. 

Furfttrol.  like  other  ahlobydes,  unites  with  aoid  s<¥lium  atilplilte,  form- 
ing a  crystiilliiitj  uomiMmnd.  Cjll.Oj.SOjNall,  gpaniigly  «iutubl(^  iu  al»Njhul. 
and  iH  iH>nvrrt<-d  by  tukliuui  auialgam  into  an  ulc^ihol,  vix.,  furruryl 
alcohol,  C^H^O,.  By  oxidatiun  with  8ilv**r  oxidt,  it  ia  ifinvcrtt'U  into 
prromucic  acid,  and  by  nitric  w^id  into  oxalic  arid.  Witli  ammonia  it 
fnrms   furfuramidr:    3tjll,0,  +  2NH,  =  <C,HjO),N3  +  3Hp. 

Furfuryl  Alcohol,  CjlljO.OlI,  proiluc*>J  by  lh«  action  of  aodiuin 
amalgam  on  rurfurol  or  on  pyronuiric  aoid,  ia  a  thick  oil,  insoluble  In 
water,  and  dfcompoKing  when  distiiltHl. 

Furfuramidv,  (C^U|0)jN,,  is  formed  when  furfarol  is  h-ft  for  a  few 
hoxin  in  contact  with  aqueouii  ammonia,  and  suparatoa  in  whiltf  crystals, 
liHuluble  In  water,  but  easily  bulublt^  ia  alvobul  and  eiher.  By  boiling 
with  water  or  aeids  it  in  resalvtrd  into  ammonia  and  furfiirol.  By  heating 
to  12<)0  C.  (248"-*  F.),  or  by  boiling  with  dilute  aqueouu  potaah,  it  is  con- 
verted into  the  iitoineric  compound  furfurine  (diacuvi-red  by  Fownes), 
which  is  a  crystallin«  baac.  malting  at  lOlP,  ami  forming  crystallizabU 
very  bitter  sultJ!,  containiiLg  1  eq.  of  a'-id.  Furfurine  issparinj^Iy  soluble 
in  cold  water,  dissolve!*  in  aljont  Kif*  parts  of  tailing  water,  cnsily  in  alco- 
hol and  ether,  forming  solutions  which  have  a  strong  alkaline  ruavlion. 

FtTCi'SOL. — By  treating  several  rArieiies  of  fnrua  with  sulphuric  acid  in 
exactly  the  same  manner  as  in  the  preparation  of  furfurn],  Dr.  Stenhouse 
has  obtained  a  series  of  sulistanccs,  whieh  be  designates  by  the  terms 
/ticHsol^fnCHMmitir,  Hmi/uaainr.  Thoy  have  exactly  the  snme  romposllinn 
AS  the  corresponding  tenin  in  the  fiirfurol  series,  and  also  moat  of  thi^ir 
projferties,  but  differ  in  some  respects. 

The  eonalitntion  of  the  compounds  just  described  is  not  very  well  under- 

fftocxi :  they  cannot  be  regarded  as  dLTivative«i  either  of  methaneor  beniene, 
in  other  words,  as  belonging  either  to  the  fatty  or  to  the  aromatic  group, 
but  thf'V  may  bf  rcpri'scnte*!.  provisionnlly  at  least,  by  constitutional  for- 
muls  derived  from  that  ofa  hypothetical  hydrocarbon  called  totrene: — 

HC— CH 
intermediate  Sn  eoropOBltion  between  aoetylcne  and  bensene  ;  thus  : — 


I 
I 


* 


Ho.cr:c— 00,11 

Pyromuoto  aeld. 

Hc:=o-co,H 

FK:-r— Nil, 

CartwpjrroUo  sold. 


HO.crrc— con 

iir   en 

Furfurol. 


HC:ZC— CO.NH- 

J  I 

OartwiijrrruUmtde. 


IIO.CHC— CH,OH 

I     I 
HC=CH  . 

Furfuryl  nluohol. 

Hcr-cH 

pyrrol. 


1T4 


AM11>KH, 


AMIDES. 

Wf  liAVt*  had  freqaent  occbrIou  to  speak  of  thece  oompounda,  aa 
from  am uioiiiuui -Halts  Uy  ftlMtraotion  of  watrr,  or  fnmi  aoida  hv  m 
tluo  nf  nmidugL'Q,  NU,  for  hydruxyl.  UU^  ur  from  nue  or  mure   luoUn-ult 
of  luumonia    bv  suUilitutiou  uf  ai-iJ-ra(iit.-Ii>»    for    byUrogt^u.      Tlifv 
divi<)L'>il   (liko  nmiiicH)  into  inrtiwuiiuit's,  <1ianiitlcK,  and  trtamidvs,  t'ttch 
which  grutipH  itt  furthur  aiiUlividetl  iiitu  primury,  Bocondary,  and  ti-rtiarj 
aiuidt*!i,  accurding  as  one-third,  two-tliirdit,  or  the  whole  of  tlio  hydrogel 
is  replactxl  by  noid-radtclus.     If  the  hydrogen  is  replaovd  partly  by  acit 
radluletf,  aud  partly  by  aloohol-radiclt^,  tht*  (.-ompouud  is  called  alkala- 
mide  ;  for  example,  ethylaeetamidu,  NU(C,H^)(C,H30);  ethyldiacetaioide. 


AMIDXa  PKHITKO  FBOM  XOKATOlllC  ACIOB. 

A  monalonilo  acid  ytoldfl  but  one  primary  amide,  which 
fonnod  :  1.  Fnmi  iu  auimunium-tfnlt  by  direct  abfitraction  of  a  molvcnl 
wntrr,  under  the  iuHuunco  of  hi.<at ;  thus: 

c,n,(Nii.)0,— 11,0  =  (•,H,No=  I        —  ^tw. 

Ammonium  Acetaulcle.         CONIL 

Thi«  method  is  especially  adapted  to  the  preparation  of  volatile  amidM. 
2.  By  the  action  of  Ammonia  on  acid  chloriden  or  anhydrides  : 
2X11,     »     NH^Cl  4- 


Aoetlc  chloriile, 
Acotlo  aobyilrtde. 


2NH, 


Ace.Mnltle. 


Nn^.O.CjHjO    +     C,1{,0.NH,. 


This  tnethofl  U  rwpecially  adapted  to  the  proparatton  of  oiiildos  vhloh 
insolublv  in  water. 

3.  By  the  action  of  ammonia  on  compound  ethers : 

Ethyl  acutftle. 

This  reaction  oft«n  takes  place  at  ordinary  temperature,  but  is  for  tfa< 
Ttinst  part  U^sl  clTccted  by  heating  tho  two  bodies  together  iu  alcoholic 
soLutiuu. 

Si^condary  monntnides  are  thosp  in  which  two  atnms  of  hydnig(>n 
In  a  uiuleeiile  of  ammunia  are  replaced  by  two  univaU'iit  f>r  one  bivalent 
acid-radii:le,  or  by  ano  acid-raiiiole  and  on«  aleohol-radiele.  Those  con- 
taining only  univali^nt  radicles  arc  formed  by  the  action  of  dry  hydrochloria 
acid  ^as  on  primary  monamides  at  a  high  temperature;  e.  y.,  diacetamide 
from  aoetAmido : 


2NH,(C,n,0)     +     Ha 


NH,C1     H-     NHCC^HjO), 


Those  oontaininfc  hivalf>nt  acid-radirles  ar«  called  imides'  f^- .<7.,  snccln- 
imide.  KH(CjH,0,).  They  are  derived  from  bibasio  aoida,  and  will  be 
noticed  further  on. 
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FOUMAMIDK. 


Beuuudary  monamides  (al  k  Alamtdcs)  oontaining  anaold-radU 
cltf  and  ail  alcuhol- radicle,  arti  tormed  hy  proo«»st.*ti  aiuiilar  to  tUu»e  above 
given  for  the*  furmaliua  of  the  primary  luouauudcs,  aubetituling  aiuiiiuB  f(.r 
aiumonU;  ihua: 


c,H,rxn    -f 

Acclte 

oblorlde. 

ail,0(<X\H,)  -f 
Ettiyl  acetate. 


Ettiylamkne. 
£ihyijimkue. 


=     HCl 


Alcohul. 


NU(r,n,)<(:,H,0) 

Ktliyl-accLaiuiUe. 

NH(t:,l!^(C,H,()) 
Ethyl-acelaintilc. 


ITt»r  Uary  luo  nam  ides  are  those  in  which  the  whole  of  tht*  hydrogen 
iu  ont>  nioloouh^  ot  ainnuuiia  is  ri*i>lai!i-<l  hy  ucid-radicli^  or  by  acid-  aiid 
alcohoL-radiolt^ii.     Thus*)  of  thtf  latUfr  kind,  called  tertiary  alkalauiid««, 
ftre  produced  by  the  actiou  of  avid  cUlund<-.s  ou  Becondary  alkalamidca: 
NH(C*,H»)f<^«Hit>)     +     C.HjO.Cl     =     HCl    +     N<C,U,)(C,H,0),: 
Ktliy  l-AMtau)  toe.  Xeel  y  1  i.ttay  1-d  Uoetamlde. 

ohluHu*. 
D 


or  by  the  action  of  monatoinio  aoid  oxideii  on  cyanic  cthum  ;  e.tf. 


(C,H,<)),0 
Aoctlo  oxld^. 


N(00)«.V1,)     = 
Ethyl  cynaaCe. 


CO, 


N(f,lls)(C,HO), 

ElhyJ-dincctatnliiff. 


Monatiitdt'S  aro  for  thn  untui  part  crystalHiu*  bodit>fi  snlubli*  in  nlonhol 
and  eth<'r.  The  lowi*r  lui'mlnrrs  of  tht*  gntiip  are  likewitiv  solublr  in  water, 
and  diiiLiL  without  diH7i>uipotiitiijii.  An  they  contain  both  a  baiiic  group 
(Nil;,),  and  an  anid  gt^iup.  th^y  are  I'jtpabh*  of  acting  both  ad  biutit  and  as 
aoidd,  combining,  ou  the  one  hand,  with  acidn  to  form  saline  coiupouudtt, 
such  as  C;,H-,(>.NIIj.NO,ll,  which,  liowever,  are  not  verywlable;  and,  ou 
the  other  hand,  funning  tmlia  by  Hitttfttitution  of  a  ini^tal  for  one  atom  of 
hydrogen;  thns  silitr-acet/inude,  C,n,0,NH.Ag,  la  obtained  in  cryHtaUine 
scales,  by  saturating  an  aqueous  solution  of  acetamide  with  silver  oxide. 

Amides  are  less  stable  than  amines,  the  combination  of  the  ainidogen- 
group  witb  acid-radicles  (('jItjO,  for  example),  being  weaker  than  the 
combination  of  the  name  group  with  hydrocarbons,  as  in  the  amines.  Con- 
sequently they  are  more  easily  decompoaed  than  amines,  their  deoompoui- 
lion  being  effected  by  healing  with  water,  or  more  reatlily  with  alkalies: 


C.IIjO.XH,     -f-     UOfI     = 
AoetanilOe. 


Nil,     + 


C,U;,O.0II. 

Acvllc  acid. 


Primary  amides  ht'at**d  with  jthmphoric  anhydride  or  phorjthorMB  tricUnride^ 
give  olf  1  luid.  water,  and  are  wmverted  into  nitrils  or  alcoholio 
oyanidea;  «-^.,  aoetamide  into  methyl  cyanide  or  acctonitril : 


CHj.CO.NH,    —     I!/) 


CHj.t'N  . 


When  phosphorus  peutachloride  acta  upou  an  amide,  tli«  oxygen-atom  of 
the  latter  is  first  replaewl  hy  two  atoms  of  chlorine,  and  the  resullicg 
chloride  when  heated  gives  up  1  mol.  HCl ;  thus  : 
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and 


CHj.CONH,    -f     PCI. 
CH,.CC1,.NH, 


Pa,0    +     CH,.CCl,.Nn,; 
21101      +     CH,.CN. 


Formamlde,  Cn,NO  =  CHO.NHj.  the  amide  of  formic  acid,  is  ol 
taiurMl  by  dry  distillntion  uf  annnonium  formate,  or  by  heating  ethyl  for- 
mate to  ICHPwith  alcoholic  annuonia.     It  ia  a  liquid  which  dissolves  easily 
in  water  and  in  aleohol,  and  boiU  with  partial  decomposition  at  lOlP-lilfiO 
"     ^377.»JCi-y6&o  J.*.),     When  quickly  heated,  it  ia  ruaolvcd  into  carbon 


11G      AMIDES    FROM     DIATOMIC    AND    MONOBASIC    ACIDS. 

motiuxidi*  and  Ammonia.     By  doliydrxtlou  with  phoBpborio  anhydride  itj 
co»V"*rt*.'d  into  livdrogtm  cyauidw  or  formODilill,  CUN. 

Aoetamide,  C^II^NO  m  CjH^O.Ml,,  may  he  nbtaini*d  by  either 
the  goit«rttl  rv*ciit'iiif  ab«»re  tlt-scribwl  ;  alao  ity  dititUling  a  mixture  of 
sotliuiti  ftcotAtn  and  sal-ammtmiac  in  (hjubI  niirribiTA  of  niolrculcM.     It  cr, 
t4illix.<ti  in  long  mwdlea,  mi-ltB  at  7HO-71K;  C.  (172.4-174.'^  K.)t  a«d  ho: 
williuut  deL-omposiliuii  at  222^ C.  (431. tP  P.).      It  dmsnlv^it  pasily  in  w»l«r 
and  in  otcohol,  aud  whni  hfatvd  with  acids  vr  alkali*'^  it  tnkus  up  wa 
and  in  n'^dvud  iiitu  arctic  acid  and  nmiuonia.     It  unitivt  with  acids,  fori 
inK  iinMtaMo  compoumis.  r.g.,  C^HjNO.Hri,  and  r.HjNO.NOjH.     On 
inf;  it»  aqui'ona  holutifui  with  m«-'rt>urii!  oxidu,  llio  latliT  is  dissutved, 
thw  Hulutiun  uu  tiooling  duposilM  crystals  ol  merruracrtantUU  (C,HjNO), 

Ch  loracetamldos  may  bo  pn^pared  frora  th(^  thriM*  (;)iloracetio  acids 
in  the  aointi  manner  as  acetAmidu  from  acetic  acid.     Thtiir  meitiog 
hoilinj;  points  are  aa  follows  : — 


rat^r 


MdniM'hloracot  amide, 

[>iuhlornr<*tninidt<, 

Trichloracvtamide, 


C,nCl,O.NIL 


1*.  p. 


B.  T. 

3240_-Ji'iO 
2S;to-2:i40 
2;ibO-231»o 


of  hydr4>gen  chloride,  forms  ervstals  easUr  aolnhlu  tn  water,  melts  at  6t)0 
C.  (136.20  F.),  aud  boiU  al  2UK3^2ir.o  G.  (41iiG-ll!)0  F.). 

7*rinrrfamiVi!,   (C,H,0),?f,  oMained  by  hf^ating  acetonitril  to  300O  C. 
<31»20  F.)  rith  aoctic  anhydride,  mtdta  at  78CX.7<)0  c.  (172.40-174.20  P.). 

Froplonamlde,  CJI^O.NII,,  is  r«ry  much  Hk«  aoetamide,  melta  at 

7fi^  »'.  (lti7C^lii?^.>^  F.),  and  buiU  al  210  C.  (41(KJ  K.). 

Butyramlde,  C^HjO.NFIi.  cryfitalltaos  in  laminm,  melts  At  1150  C.  (! 

F.J.  li"'^  builB  ul  211P  C.  (420.SO  F.). 

laoTaler amide.  QH.O.NHf.  obtained  from  iBoralcrio  acid,  sublimei 
lamiuB  whiuh  ars  solubla  in  wator. 


AVlDn  DRRll'SP  FSOH  miTOUIC  AXD  HOSOBABIC  ACtnS. 

Acids  of  thi»  prunp  may  pivt*  rise  to  two  mnnamidt*«,  both  f«»rra<Ml 
tmtwtitution  of  NH^ffirOII,  atul  tli.T<'f*tr»-  liavin^  tlu*  samu  composition. 
Thry  arts  however,  isomerit),  not  identi'-al,  tlio  one  formod  by  rfplnc»*mont 
of  tho  alcoholic  hydroxyl  bving  acid,  while  tlie  other,  formed  by  replace- 
ment of  tli»4  basic  hydroxy],  in  neutral.  Th*(  add  amides  tima  formed  aro 
callinl  amic  or  amidic  nuids.  tllycollio  acid,  for  oxamplf,  yi*:-\dA 
amidop;lycollio  or    glyooUamio   acid   and    glyoollamide,    both   containing 


cn,oii 

coon 
OlfCoUlti  actd. 


Cll,Mf, 

coon 
OtycolUmlc  «cld. 


CHaOH 

roNH, 

Qlj-tiotlamlde. 


1.    Nentral   Amides. 

These  compounds  are  formed  by  the  action  of  amaumia  in  tlie 


AMfO    ACIDS. 


glycollide 


with  dry  ammonU,  and  hy  heating  acid  ammoniam 


I 


Rtatc  or  in  Alcohulio  solution  on  th«  c^rreapuuding  uxides  or  auhydrides, 
or  uu  Ihu  tJlh/lic  ethum  uf  tUu  auids  ;   IhuH  : 

Lac  tide.  I^BCimiulde. 

CH,.CH<^^OCA  +  "H,  =   C.H,OH  +  CH,CH<;]^pj 
Ethjl  UotAle.  Laetkinide. 

Olyoollamlde.  CjHjNO.  ss  CH,<;^j^.j,   ,  U  formed  by  heating 

CO  -^ 

tartrouatw  (p,  7:ifi)  to  i:i(iO  c.  (SOlP  F.);  CjJl3(Nn,)0,  =  CjHjNO,  +  CO, 
-f-  H.jO.  It  (!rjr»tallixt.i)  in  ttfodli>i  htiviug  a  HWi*rtish  taste,  entiily  Miluhiti 
in  water,  Hpariii^ty  in  alcohoU  mutting  at  UkA  Bj  Iraillug  withalkalies, 
it  in  TvnoWad  into  gl/coUic  acid  and  amiuonia. 

Lactamlde,  ^s^7^0g^CH,.<;iI<^^^  ^t„    ,  obtained  as  abore  men- 

tioru'd,  forma  cr,VdtalH  oaatl/  »olubU»  in  water,  molting  nl  74©  C,  (165.20  p.)^ 
resolved  by  boUtng  vrilh  atkalii<ii  int<j  lactic  acid  and  ammonia. 

Iiaotlmlda.    CjH^NO  ^  CU —  CH NH„  produced  by  heating  alanine, 

CUi— Ca<^"»^j^  ,  to  18llcu2(Hio  r.  (35(NX-3933  F.)  in  a  stream  of  hydro. 

g»?n  ohloridn,  fnnua  cnlorlws  lfiiiiinn>  nr  neodles,  easily  solable  in  nater 
and  in  alcohol,  melting  at  •i7.''i'^  C.  {b'Z'tO  K.). 

2.    A  rn  i  0  or  .-V  m  i  d  1  a  Acids. 

The  amiu  aciilit  of  thin  group  are  identical  «*lth  the  amidated  acids  A*'* 
rived  from  the  corresponding  ninnatomic  acids,  C\II,J%.  by  ttuhstitulion  of 
aniidogcD  for  hydrogen  :  thus  glyoollamio  acid  is  identi  -al  with  aroidacetiu 
acid;  lautamic  with  aiuidopropiouio;  leucamic  with  itruidiicaproie  add  ;  fur 
example: 

CH,  CH,(NII,)  CH,(OU) 

(iX>ir  (X)OH  C'OOH 

Aoetio  acid.  Amldncotio  or  Olf*  QlyoolUo  acid, 

oollfimie  nold. 

They  are  formed:  1.  By  the  action  of  ammonia  on  the  monochloro-, 
bromo-,  or  iodo  subslitutiou-pn^duclu  uf  the  fatty  acidit  :  e.  p., 

Cn.CKCO.H     +     2NH,     »     NH.Cl     +     rn,.NH..COj,H 

Ohlornoetic  ncld.  AmIilKcettc  aofd. 

2,  By  heating  the  ammonia-oomponnds  of  the  aldehydes  with  hydro. 
cyanicand  hydrwlilorie  ncid,  whereby  cyaniiles  are  pr(«luued  in  the  flrHt 
instonce,  and  afterwards  tranaforrocd  into  amido-acida  by  the  action  of  the 
hydrochlorio  acid  : 

CH,.rH<J5JJ'    +     CXH    -    H,0     +     CH,.CH<^j^' 

Aldehyde  ninmoala. 

CHyCH<^^J^    -I-     HCl      +     2H,0     =    NH^a 

Etbldene 
y  itimtnide. 

»Toral  of  them  oooar  In  the  animal  organism. 


Ethldene-crananilde. 

Lat^tamlc 
add. 


I 


ili 


AMIDES. 


Tlic^<  atiiio  iLoidft  are  didliiiguiHlnMl  frnm  Ihe  isomt'ric  nentrft]  amid*^ 
thr  mon*  iutimati*  staU>  uf  oumbiuatiou  uf  tht'ir  amidogvii-group,  whi 
raniii'l  ^Ht  th«>parrit<-(l  liy  Utilin};  with  alkalu*!*.     An  they  o^ntain  U'th  a  c 
boxyl  >;ri>u|>  uiid  uii  aiiii<lo^«*ii  ^nMip,  i\wy  pi>s»i*ss  briih  ni'iil  an<i  L>asio  p 
iM*rtiu9,  and  form  naline  ronifHiiiitiU    U^ih  witli    .•u.-ids  and  with  liattea,  tl 
hun'w.  oh&raoter.  bowuver.  prcduuiiuatiug.     Houol',  tht.*y  art*  oflt^n  d^fg 
dkUmI  hy  nauim  tending  tii  inc,  tliti  ordinary  Utnuiiiation  fur  urg^auic  bn^t' 
glyoollamio  A<-id   Itfin^   dcAignut*^!  a.**  glyf^MTinrt,  lactainic  aoid  a?i  aUniii 
ItMK'Atiiin  acid  aa  li*uciiie,  etc.     Thrjr  ar«  also  di*ftiguatod,  aa  a  gruiip,  h 
tbM  uaiiM*  A  Ian  i  III* a. 

le  hydnkgoii  cif  lb»*  c&rlKixyl  pntnp  in  thesv  cfjmpnuniis  may  b^  r 
(1  by  alocjhnl-radifK*s,  yitddliig  ixmipouud  vtbern,  which,  howevi- 
somewhat  tiiiKtabb*  ;  that  uf  tin*  aniido^**n  gmup  may  be  ri*i>bti^4*il  t 
ab-r)hid-radirU\s  or  by  ju'id-rudirh'8.  Tin*  acid  di«rlvMiv(<!«  arc  ohtniiiLMl  b 
tffaliiiK  this  atuido-acids,  ur  tht'ir  ethers,  with  tUo  haluid  compounds 
AoJd-radicK'S : 


of  J 


AmlUKuetio  meiiL    Acetic  chtortda. 


HCl     + 


Aectyl-nmidacello 

AClU. 


thtf  alPrthollo  dttrtratives  hy  Ulo  action  of  amiaes  on  aabatitutiou-duriri 
tirva  uf  tin*  fatty  aoldn : 

4-    CII  ^^^^^^i)i 


CU,Cl.CO,U     ^-     NH(CH,), 


nci 


Ohlorftc«tlo  acid.       DlmetbyUuiloe. 


Dimethy  1- 1  mlUapetia 
aciJ. 


The  alaninoA  are  cryatalUiK*  bodit^.  mostly  having  a  sweotish  LasteJ 
oaj^ity  0i>lublL'  in  water,  iiistdublt^  for  ihr  uii>Mt  part  in  nk-nbol  and  ethvr. 
Thiiy  hare  a  iieittrnl  n^autinii,  «nd,  as  alr*«ady  nlwervwl.  nre  not  dceoin. 
poaed  hy  boiling;  with  alkalliw,  hut  wh»»n  (iis(mI  with  alkaline  hydral*w, 
they  ttr«  dew»uipfw<«d  intn  ammonia  and  (ally  arida.  By  dry  diatiiUlionp^ 
<*Hpfciftlly  in  i-outavl  with  baryta,  they  ar«  reB«j|\'od  iiito  amiaea  a.] 
ovbou  dloxldo : 


c;ii.x»<^^j 


All  n  toe. 
Nitroas  acid  converts  thum  into   oxyaoid  : 

Qtyoociav. 


£t)i)lAmiBe. 


+    n,o  + 


Glycolllo  Add. 


1 


Amldaoetla   Add.  «r  Olycoclne,  C,HfcNO,  =  cn,<^[,j^"»u 

al?u>  oaIIihI  aiuifiofftf(,tiUir  ftriti,  tjii/fttf/ntuu-  ttriil,  And  ijlifrtKftllf  iH  formud  brl 
tho  action  of  ammonia  on  bmruaei'iic  or  ehloraoolie  acid  : 

C,U,CIO,     4.     2NH,     a     MI.CI     +     C,I!,(MI,)0,  ; 

also,  hy  ihu  action  of  acidfl  or  alkalies  upon  animal  substanocs,  aiich  as 
glue,  hipptiric  aeid,  glyoollie  aeid,  etc.  From  hi|i|JUrio  acid  it  is  furmed, 
togHthur  with  beniuio  aciil,  ntT<irdiug  to  tho  equation  : 

C,H,NO,    -f     UjO    »    CjIliNO,    -I-     C,U,0, . 

Olyoocln*  orystallizes  from  water  in  lar^e,  hard,  (ranspnrent,  rhombio 
priKms,  having  a  HWeotish  tast<»,  soluble  in  4  p.iris  uf  (\)ld  wat#»r,  insoliihlo 
in  aloohol  and  ethur.     It  melU  at  170^  C.  (338°  FOi  Aud  dtioomposea  at  a 


OLTCOCINE. 


higher  lemprratiire.  By  heating  with  bar>'ta  It  is  roflolred  into  oarbon 
dioxide  and  iiiKthylanuiie ;  hy  trt^nttntuit  with  nitniiiB  nuid  it  itt  convcrttjd 
into  glyctjllii-acid.  It  combin«:^  with  aoidsin  diffrn-nt  pro|>ortton3.  Wit 
milpAuric  acid  it  fonna  the  t.<uin|iouijd  (C',HjNO,),S(J(It| :  Biid  on  nddltion  o| 
mloohul  t<>  a  sulutiuu  of  this  sulphiitu,  a  salt  ur^'tftnllixiiig  in  roc'tnn;t;iilar 
pruuiH  ia  dopoaited,  coiitnining  aCjHjNO^.BOiHj.  Il  aUo  fonna  the  Ay«/ro- 
ckluritieM,  C,UjNO,.aCl  and  C\UjNO,.:iUCI»  thy  laltur  vT  wliich  ur/staJUius 
iti  long  prisiiw.     Th«  nitrate,  fjiljNOj.Nl^Il,  forms  largti  pr(t<iiu. 

ttlyMK?in«  also  forme  saline  componnds  bv  substitution  of  motaU  for 
hydiogi-n  ;  thus  it  dissolvi^s  vuftriv  oiidr,  forming  tht*  aalt,  (L\H,NO,)^L'u 
-|-  H^ti,  wlnVh  nrjrHtallizt>.<i  fntin  thp  hnt  MiUitinn  in  dark  liinc  nroilltiii. 
Tho  siher  sttlt,  C^H,>'0,Ag,  cryiitaUiziia  over  eulpliuric  atMd.  GlywH-ine 
also  unitra-  with  metulUc  niff«,  forming  cryslaUiut;  compounds,  auch  & 
CjUjNOj.NOjK,  and  C,H4N0,.N0j,Ag. 

Th«  ethylio  ether  of  glyooalne,  or  eth>fi  amidacctate^  ^^^^^CO*C  H     ' 

produced  hy  the  action  r)f  eilver  oxide  on  the  hydriodide  obtained  hy  hoa 
Ittg  glycoointi  with  pthyl  iodirlo  in  alooboliQ  itnlution.  it  i»  rvsulved  b 
't^puratiun  of  lt«  aqueous  ttulution  into  glyoooine  and  alcohol. 

^l/f/Ay/-j/yrociiie  or5orco#iiifl,  C,n^NOj  =  CH,<^^^'^^«   ,    iso- 

morio  whh  alanine.  Is  formed  by  digeslinp  Hhy\  ehlorfttHdalo  with  exoess 
of  a  coDWjutrattHl  ntjtieous  aulutlou  of  mothylaminu  : 


n 


rn,n.co,.r,n^  H-   ch,.nh,   -f-    h,o 


iici 


Thfl  same  compound  is  formed  hy  boiling  crratino  with  baryta-wator. 

Thi*  urvatinu  ^plit^i  into  sarooBinu  and  urua,  tho  tatt4.'r  bt'ing  furthur  dccom- 
;)OHed  into  aiuiiiotna  and  oarbonic  add.  Sarcosinc*  crysLalIii<*a  in  ra)Iorh-«i 
rhnmbic  prianis,  cn-nily  fiolublo  in  water;  it  is  difficultly  soluble  in  alcohol, 
tnHohible  in  fMuT.  and  liaji  no  action  upon  rifgolablu  colore.  It  oimbint^ 
with  acids  to  form  solublu  snltH,  which  have  an  ndil  rfnotion.  Tlie  doubla 
suit  of  sarcosinL'  with  platinum  tftrachloride  cryntallijift^  in  lar)fe  y»'llo«f 
octuhfdrnns  having  th**  com(vositlon  2CjIf,NO,.2Hn.rtClj  +  2Aq.  fc>ftri«>- 
slne  Ignitod  with  soda-litnu  $ivvt  ofl*  mcthylamino. 

Trimethgi-gljfcociHe    or    Belainv^    Cftn„NOj  «=■  CUj^^q^O 


4 


which  oxisls  rpa^ly-ff'nuiHl  in  lw»et-Jnire,  and  in  prodoct-d  hy  oxi'ifllion  of 
rholint"  liydrochloridf,  anil  ttynthi'tinally  br  hcalinj;  rrlrriethylamine  with 
UKmochlurac«tio  acid,  has  hcttn  alrvaxly  d«criU'd  (p.  64(5). 

/:(Ay/-j/yrorinr,rjI,XO,  =  CH,<[f^^jj'"»,    obUlued    by   healing 

ehloraei'tic  acid  with  ethylamine,  forms  delique3c«nt  !am]n»;  it  nuitetf  with 
acidd,  ba^io^,  and  »&\U. 

Diethyl-tflycorinf,  C,H,aNO,  =  CHj<;^.,^  j'j  5^',prepAred fromchlop-' 

acutic  arid  and  diethylamine,  torma  deliquescent  orystoli},  and  aubliraes 
Iwlow  ItKtO.  ^1 

Acetgl*glgeocinr,  or  Acettiric  orirf,  f^H^<[^.(^j '^'*    "    ,produce^^^H 

by  the  action  of  act>tvl  chloride  on  silvcr-plynHinp,  or  of  a(>Gtnmi(ir  on 
monwhloracetic  acid/crystallizBa  in  small  nw^dles,  eaaily  soluble  in  watur 


4 
4 


^90  AMIDK8. 

ami  in  ftloohol,  and    turning   brown   at    130O  C.  (26(P  P.);   reaeU    Uki;  a 
monobasic  aoid. 


DiOLTcoLLAVio  iinil  TtttavfcotukHtc  Acms.— 4}ljoorin«or  g^lyoollamio 
may  bv  rcganlud  aa  amiiu»nia  having  one  at^un  of  hy<ln>^*^n  rtfp)nc«d 
thy   iMiivaU'iit  proiip  CHj.COjH,  ttud   tl»»  similar  re^jlaofnient  of  2  and  3 
liydruguii-atiims  in  aiumouia  may  give  rise  lu  di-  and  tri-glyooU&niic 


i 


MI,.(:HrCO,H    ....         (JUcollamioacid, 
MI(CH,.CO  H),  .         .         .         Digly^.Uainic  a<nd. 

N(CH,.CO,H>,     ....         Triglyoollamio  acid. 


TheHe  thrpc  arids  are  produced  8imultAn«)U8ly  by  hniling;  nrnnoohlor- 
ocrlic  auid  with  strong  aqueous  aiumonia  ;  and  ou  cnncentrriting  the  result- 
ing solution,  filtering  from  tioparatvd  snl-ammoniae,  boiling  the  fiUrat» 
with  luail  oxidi',  and  flittering  agftin,  thH  filtrnt**  on  nxding  dKp08it«  the 
IlnuI  BAllof  trjgly collaraio  acid,  u-hil«'  the  Ifad  KnltK  of  tho  othor 
two  acids  r^'iuaiti  in  solulinij.  To  4t*parnte  the  diglycollamic  aoid, 
thi>  load  ia  pr»MMpitate«i  by  hydrogen  Hulphidc,  and  the  filt«r(«i  solution  is 
iHfiltMl  with  Jtinc  cart*onate,  wher*'upon  thu  sparingly  soluble  zinc  diglycol- 
lamat«  8vparat«9i  nu t,  while  t)i u  >i nc-s&U  of  glyoocine  remaina  in 
solution. 

Diglycollaniio  and  tiiglyooUamio  acids  are  orysUllme  bodies  which  form 
salts  Imtb  with  acids  and  with  baatM ;  the  forxaor  ia  bibasio,  iha  lattor 
Iriliasic. 

Amldoproplonlc   Aoids,  CaH,NO|  s  C,Hj^<NH,)0,.-4)f  tb^e 

thory  are  two  mtKLiliciitious,  analogous  to   thu  two  bromo^  chloro-^ 
iodo*propionic  itoida,  via. : — 

CH,  CH,{NHO 

cn(NH,)  CH, 

coon  viion 

«•  Am  IUd  prop  ionic  acid  ^Amldoproplonlo 

or  AlADloe.  Aold. 

Alanine  ia  produced  by  tho  action  of  alculiolic  amumniA  on  a-ch1dlro- 
or  a-bromo-propionic  acid,  or  hy  heating  aldehyde  ainnioniii  with  hydfo- 
cyanic  and  hydrochloric  acids,  lh«  reactions  being  pn'oiecly  similar  to 
those  by  which  glywjcine  is  obtained  from  the  corresponding  derivatives 
of  ac^^tic  aoid.  It  cryAtallizcs  in  tufts  of  hard  necdleH,  diiciolvt^  in  A  pArtj!i 
of  oiild  water,  less  easily  in  alcohol,  and  i*  innoluble  in  ether.  When 
slowly  boated,  it  melts  and  sii)>limtts  undL'cnnii>oni*d  ;  but  whou  quickly 
hcAU-4l,  it  19  rntiolTt^  into  oarbou  dioxide  and  ethylamine.  Nitrous  acid 
converts  it  into  laolio  acid. 

Alanine    unittM    with    acids,    basoj,    and    salts.       Tht>   piatimnMc 
2(C,H.N0,.HC1).PLCI„  crystallizes  in  largt*  reddish  pri»m». 

H-AmhhipTopinnir  arid,  CH,(Nll,) — <'H,.CO.jU,  proparwi  by  the  action  of 
ainmnnia  on  d-iodopropionic  aritl,  forms  rhombic  prisms  cosily  soluble  in 
wat^r,  and  sublimctt  with  partial  d(Kijmpositit»u  when  heated.  Its  copp«r 
compound  is  much  uiorc  soluble  than  that  of  the  a-acid. 

.Amldobutyrlc   Acid.  C,H,NO,  =xni,.CU,.CH<^^f^'jj  ,  al»a 

called  Pt-fifHilanine,  in  prepared  from  «  bromobutyrio  acid.     It  orysUlliiw 
in  small  laminae  or  needles,  easily  soluble  iu  water. 


^ 


AMIDEB    FROM    BIBA8I0    ACIDB. 

CH(CHO> 
tfAmldlao valeric  Acid,  C^H,jNO,  ^  iii^^^i    *  occara  in  the  pan- 

crcAS  of  the  ox,  and  is  formed  artiQcially  by  thu  action  of  ammoniA  on 
brouiaovaWric  acid.  It  cr.viitallizfs  iu  bhiuiug  prUum,  sublintui  wiihmit 
previoiu  fnsion,  diasoWea  in  wat«r  and  alcohol,  but  leea  easily  than  leuciuv. 

Amidooaproio  Acid  or  Lenotae,   C«ir„NO,  =  <^»"t«<[^o/!I 

fftrnifd  by  the  actinn  »f  ainiiitHiia  uii  bponifK-aproie  acid,  and  by  di^esting^ 
vulural-aiiuutiuia  with  bydruc-yaniu  and  hydruchlurlc  avids  : 

CjH^O.Nli,  +  CNU  +  HCl  +  U,0  »  C.HuNO,  +  NU^Cl. 

Leucine  is  also  formed  by  the  dLHx>m  posit  ion  of  animal  aubatancw,  such* 
as  glut!,  horn,  wool,  etc.,  during  pulrvfaLtion,  and  by  the  tr«;atmt;nt  uf 
thene  8ubstaDoe»  Kith  acids  or  aikalifi».  It  was  first  disoovcrtid  in  putrid 
oheeSL* ;  mortt  recently  it  has  Wvn  found  iu  Hf  vera!  parts  of  the  aniuial 
organism. 

Ltfuvine  crystallizes  In  white  shining  Bcalcfl.  which  melt  at  100^,  and 
mny  hv  sublinRHl  wUhimt  (li't-umpiinition  ;  it  is  biit  tittl«*  Hnluihlv  in  water, 
still  lrB»s  in  alcohol,  inBoliibV'  In  t'tht-r.  When  healed  with  causLic  baryta, 
it  splits  into  carbon  dioxide  and  amylsmine  :  C,H,jNO,  =  Cjil^,N  -f"  C^t>,. 
It  unitAS  with  arids,  basrit.  and  salts.  Treatment  with  nitrous  acid  oon- 
▼erls  it  into  leacic  acid,  C|H„0,. 


AMIDES  DKBtVEn  KBOK    DIATOMIC  AUD   BIBA8IC  ACIDS,  CgU^<^,J;'{T  . 

Kach  acid  of  this  group  may  give  rise  to  three  amides,  vh, :  1.  An  add 
amide  or  amic  acid  ,  derived  from  the  acid  ammoninm  salt  by  abstrao- 
tiim  of  one  molecule  of  water.  2.  A  neutral  munamide,  or  imide,  de- 
rived from  tiie  same  salt  by  ab»traction  of  2H/).  3.  A  nentral  amide,  or 
diaittidi;,  derived  from  tho  neutral  ammnninm  salt  by  abstraL'tion  of 
2H,0  ;  thus  from  succinic  aoid,  C,Hi(CO,H)„  are  derived  : 


NH. 


1.  Sucoinamio  acid,  CjH^x^^,^'    „- 


2.  Saooinimide 


3.  Suocinamide       .  C,H,<^-^2«     = 


Acid  Ammunlum 
surrinAtr. 

Acid  Ammontum 
aucettiKte. 

Neutral  AmmoDlum 
■uceinKte 


—     2H,0 


—    2H,0 


The  two  neutral  amides  may  also  he  reganled  as  derivwl  from  one  or  two 
molecules  of  ammunia  by  sult^titutinn  of  the  diatomir  radttle  of  the  acid 
for  two  atoms  of  hydrogen,  and  tho  amic  acid  by  similar  sultstitution  ia 
the  compound  molecule,  NH,.HUU: 

Bncftinimidc  N  n.r^fT^O, 

BtieclnamidG       ......     N,Hj.C,H,Oj 

Snccinaraic  acid ^u'  [.  C^H,©, . 
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By  abfltraction  of  fonr  inoloculM  of  water  from  the  neutral   animoniBm 
haIIa,  nitrils  or  cyanidua  of  the  L-orrrspoiulmg  diatomic  alcubut 
ol(Ni  ar«  protluoett : 

Nriitritl  Aiiiumuiuiii  8uL'Clnaiiitril  or 

suecloiite.  Ktliene  cyaaido. 

The  amid  ju^lda  of  (Iiih  group  are  also  fonnrd  by  l>oiling:  the  ttaidca  wi 
If'fttvr :    tlius  BuccTJiiimiih*,  C^Hj.NO,,  hy  taking  uji  I1,0  is  cijiiVMrttnl  into 
inamio  arid,  f'^H^No,;  and  iho  neutral  nmideH  aru  formed  by  ahakiug 
up  thtf  corrttf ponding  neutral  vtlu'rs  with  aqueoun  ammonia :  t.  g., 


^••'^.<I!c;i!;  +  ^nh,  -  2c,ii,(oh) 

Dktiiylle                                                  Krhyl 

Oxumidf. 

OkBiate,                                                  Altfobot. 

I 


The  lypio  or  extra-radiclw  hydrogen  in  thi«e  amldrfl  may  be  replaced  by 

aU-uhnlic  or  Ity  ucid  radiclvH,  ih<*rid)y  j^roducing  alkAlau]idt.<8,  necundary  and 
tMrliary  dinmi'b'it,  vie.  Tlio  miHlcs  of  priwlucing  such  tiumpounds  may  be 
undvrslotKl  fruiu  the  following  equations  : 


Aeid  AlfMiylnmroDQlum 
OMilniu. 

EtbyUmine. 


n,o    =    ca<Sh 


Nii(cn,) 


Methyloxamtfi 
aotd. 


SueelnlQ 
anhydriJe. 


.OC,H, 


~  MolhyUmtne- 


Dlelhylfo 
OKI  I  nil'. 

con,   -f 

Onrbonyt 
ebloriiJe. 


Argcnto-aueciDlmlde. 

amn 

salt 


Hfi     +    C,H,<^[)>N.CA 


Ethyl 
It)  CO  bo  I. 


Etbjl- 
■ucclolmlile. 

Dimethyl* 

oxamldfl. 


2(rK,.MI,) 

Ethylmnkue. 


;iici   4-    cocNii.r-Hs), 


Diethyl, 
earbiimlde. 


a-,n,<[:j5>NAg  +  c,H.<po;^,  -  ZAgci  +  N,(c,n,<Jg), 


Sticrlnyl 
chloride. 


TrlBuectntinidtt. 


Amiiti  of  Oxalic  Acid 
CO.Nn. 


Ozamlo   Aoldi  r,II,NO,s: 


ho. 


,  is  produWHi  by  beatine  ad< 
OH 
ammonium  oxalate  to  about  23(lO  C.  (446^  P.)  ;  also  as  an  ammonium- 
salt  by  boiling  nxamidn  with  aqitfoiis  ammonia:  r^H|Nj0^4-  \{p 
r,Hj(N*H,)NO,.  Ox.imti.'  add  is  a  whilecrj'bi.-illinu  powdt-r  Fptirinply  suln- 
IiIh  in  rold  wattr,  itill  b^ss  .«n!ublt>  in  ali-ohol  and  i'lb»'r.  It  is  monobasic, 
and  forma  numoroiij*  oryatallino  mf*talliu  salts. 

Oxaniic  ethers  may  bp  formrtd  by  snbstitution  of  aloohol-radiclea 
for  Iirdrngpn,  eith«*r  in  thi-  group  Nil,  or  in  the  jr'"'^"P  *^1'  "^  nxflmi.i  acid, 
the  nvHulting  ethrrs  Ix'ing  and  in  th«  former  case,  nrntral  in  the  lattpr. 
The  neutral  ethers,  alfio  called  oxaraethanea,  are  formed  by  th^acCb 


OXAHIDK. 


of  AmmoniA,  in  the  gaseona  sLat«  or  la  alcoholic  solution,  on  neutral  03 

ethcTd  ;  tUub: 


CO.OC.H, 
Ethyl  uxBlHle. 


Alcohol. 


CO.KH, 

+     I 

Ethyl  oxftmate. 


they  arvoryKtallinti  IkkUcw  soluble  in  alcoliol,  dc'0uuii>o8(Ml  by  boilingwati 
jieMing  ammoiiiuin  nxalatu  ntid  tliv  corrt'Bpoitding  akxthoi. 

The  acid  etUuTti  of  oxaiuic  acid  conlAiniug  one  t*quiva1cnt  of  ahnlu 
radicle,  are  pruduc«d  hy  dvhjrdration  of  tho  acid  oxalatt^  of  thu  con 
Bpuudiug  amines ;  thus : 


ro.oNii,(c,H,) 

co.oir 

Acid  elhykmmoDiuin 
oxiilKte. 


H,0     + 


CO.NHCCjHj) 

CO.OH 
Etbyloaanloaeld. 


how4 


Mi'thyloxamic  and  phenyloxanilc  acids  are  aleo  known.    Thesi'  acid  ptlu^i 
are  raetaiuene  with  the  neutral  oxamiu  ethers  containing  the  saitu-  alctiliu( 
rndieU'S. 

The  n>placenient  of  both  the  hvdrogen -atoms  in  the  group  NH,  in 
aitiic  acid,  would  also  yield  inonobnsie  ncidetliem;  none  of  Ihtiii'  ar*^, 
ev»;r,   kiiuwn    in  the   free  aUle,  but   the  ethylic  ethers  of  dlnirthyt-  an* 
ditithyl-oxamic  aeids   have  been   obtained,  e.  g,,   tt/i^lic-Jantih^i-oxawate, 
(CA)N(CH,),(UC,llj). 

O  z  a  m  t  d  e ,  N^H^CCiO,)  =  1  . — This  compound  is  formed  hy  th^H 

tO.NH,  "^ 

acliim  »r  heat  oo  neutral  aiiiuinJiiutu  tixalule,  but  is  roon^  advantagt>uu8l/ 
pr^pared  hy  the  action  of  ammonia  on  neutral  ethyl  oxalate.  It  \t  altu 
foruied  in  fteveral  reactions  from  t'yaiiogrn  and  cyanid*»8  ;  sii  Hque<>us  bohi- 
tion  of  h^'drocyanio  acid,  iuixi*d  with  hydn>gen  dioxide,  yields  a  cryiftal- 
Une  de]K>8it  of  oxamirle  :  2(!NH-f-  H,0,  =  i',N,II/>,. 

Oxamide  is  a  white,  light,  tastelevs  jHiwder,  insnlublo  in  cold  water, 
slightly  Holuhh^  in  boiling  water,  iiiHitlnbIt*  in  alcohol.'  Heated  in  an  open 
tube  it  volatilizes  and  forms  a  rrytilalline  Huhlimate ;  but  its  vapor,  passed 
through  a  rM-hot  tube,  is  completely  resolve*!  into  lartioii  utouuxitle,  sm- 
mouiuin  uarUjnate,  hydrocyanic  acid,  and  urea  (carbamide)  : 

2C,N,I!40,     =     CO     4-     CO,     H-     NH,    +     CNH     +     CN.H.O. 

Dilate  mineral  aoid»  decomposo  it,  yiMding  an  ammonium-salt  and 
oxalic  acid ;  t,g.f 

CjNji.o,   +   so^n,   +   2iijO   ^   so,(Nn.),   +    c,ii,o, 

Thmrt^iiloTamitfr,  N,(rA)H»CCII,),.  is  prnducod  by  the  dry  distillatic 
of  methylammoninm  oxalate: 

C,(NH,.CH,)A    —    2H.0     =     C,N,H,(CH,),Or 

Di*»tbyloxninide  and  diamvloxanude  are  obtained  in  a  similar  manner. 
Tho  Imido  of  oxalic  ooid  is  not  knovu;  its  nilril  is  dicvanogen,  C,N,. 
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Amides   of  Succinic  Acid, 

Saocinamlc    acid.  *^\Il4<Cco  ou' '  ^"''°^^  ^y  heating  succii 
luide  ujlli  biiryta-H-aUT,  is  L-rvstallnit',  mid  U  ttasiljr  resolvwl  bjr  the  aeticNfl 

uf  alkalit*:!  into  auiM:iuic  auid  and  amuiuuia. 

Saooinlmt  d«,    ^'|H4<^7|^NH,  formed  b;r  heating  suooinio  anhjr- 

dride  in  a  dtrearu  of  dry  auiiuuitia,  or  hy  diutUlation  of  iicid  ammouiuxai 
Bitoolualti,  eryatuUixti^  iu  rUoiubiu  |»lat«8  L'onlaiuing  onv  uioU-cule  of  watvrj 
dirfxrvlros  tfiiHilv  in  wtiU'.r  and  in  alcohoi,  mulls  at  12tPC.  C256.£P  F.),  ana 
VuiU  at  'ZSi^  0.  (550.40  K.).  ] 

A  hot  alcoholic  solution  uf  ttucoinimido  tntxtnl  with  a  littl«  ftmrnnnia  and 
then  with  silver  oicralf,  yielda  on  cooling,  large  cr.vstaU  of   argeutia 

aucoinimide,  CjH^^J^^j^NAg  ;    and  the  solution  of   Ihia  salt  in  ■! 

small  quantity  of  ammonia  It^avrs,  on  spontan^ius  cvAimrntion.  a  syrupj! 
liquid,  which  grmiuaily  sulidUiun  to  a  maits  of  harii,   brittle  crystals  of 

argentammoniam-saociuimide,  CjH^^AQ^N(Nil3Ag). 

The  acid  character  of  Kucciuiiuido  exhibited  in  tho«e  salts  is  likewi»ai 
shown  by  other  Imide^,  the  group  NH,  whi^n  associat^Ml  with  CO  (as  in 
oyanio  aoid,  CO~Nti)  or  with  0,0,,  as  in  thtt  Hatta  above  dt*scribed,  \»t 
ing  capable  of  exchanging  iti4  hydrogen  for  metaLs,  like  the  group  OU  in 

aoiilB. 


Bucolnamlde,  (\II^(ro.Nn,)3,  separates  as  a  white  powdiT  when 
ninitral  auimoniuin  ^tih'rinatc  h  shaken  up  with  aqueoos  ammonia.  It  iai 
in.HoUiblie  in  o<jld  w;tt<<r  and  alrxhol,  but  dinsolves  in  liol  wntt<r,  and  sepa- 
ratc-t  thiirofrom  in  ^brndiT  ni^t^dles.  At  20lP  C.  (31)20  F.>,  it  is  resolved 
into  aminunia  and  succinauiide. 


Antitfn*  €>f  Cnrbouic  Add. 


Carbamic  Acid,  CO<f"« 


"OH 


18  not  known  in  the  free  state,  thall 


is.  as  a  hydru^'i'n  salt,  but  Its  animoniuui  Halt,  (CO)(NH,)(ONHf).  enters 
Into  the  comp<Mi(iou  of  coiumiTuial  carbonate  uf  smiunuia,  au^l  in  proilu(v>l, 
as  already  uotice>l  (p.  31H),  by  tin*  dirtn:t  combination  of  carUtn  dioxidu 
and  ammonia-gas.  This  salt  is  easily  obtained  pure  and  in  large  quantity 
by  p.iHriiii^  the  two  gasett,  l>otb  pi.*rtVctly  ({ry,  into  cold  abi^olute  alcohol,i 
separating  the  i^opions  crystalline  prtK-ipitate  by  filtriLtion  from  the  greater' 
part  of  the  liquid,  and  heating  it  with  abKt>lute  alcohol  in  a  sealed  tube  Koj 
lOiP,  or  aboTe.*  The  liijuid,  on  cooling,  dt^posits  ammonium  carluimate  Inl 
large  crystalline  l&minn,  which,  if  perfectly  dried  nvi^r  oil  of  vitriol,  and! 
then  heated  in  a  Healed  tube  to  130->-14liC>  C.  (26t^^2840  F.).«p1i^  up  into; 
aininnnium  carlMnale  and  carbamide,  one  molecule  of  it  giving  up  a  mole- 
cule of  water  to  another  : — 


2CN,H,0, 
AjDmonmrn 
(MtbaiDAte. 


CarttkiDiJc. 


(Ml,), CO, 
Aiiiiuuuhiim 
oarbuattte. 


•  Kolbe  and  Baiaroff,  Obcn.  Soo.  .rouraal  [S],  tL  ]K 


CABBAMXC    ACID. 


C&BMMic  Gtiirrs. — C&rbamio  acid  forms  aoitt  and  neutral  ethers,  accurd- 
tngl.v  an  an  alum  ui  liydrogeU  ia  tliv  group  Nil,  or  UU  u  rrplact'd  by  on 

Ktht/loarhamic  acid^  ^^K^n'   *    *  »  i*  ""*  known  In  tho  free  Klate,  but 

iU  ethylammonium  aall,  (CO;.NH(C,Hj).UNH,(C,Hi),  U  produced,  aa  a 
■uoir-u'hiU>  pDwiler,  by  puHsing  cartMjii  ili»xidtf  lUlu  uiihjdruu^  etUylamino 
ouolt»i  bv  A  fr<*i'zing  niixturt*.  ItM  oijufoux  sttlutinii,  lika  that  of  ammi>nium 
uurbauiate.  diH*]*  uut  pri^eipiUtL*  buriuiu  chloridu  uiilt'Sd  aided  by  litiat. 
Tliu  uieUi>-lamiuuiiiuLu  bait  ul  mfUhyicarlnxMic  ucit/ is  ubLaiiivd  lu  a  siuiilur 
inunn*T. 

The  nouiral  carlMiiuio  ethers  are  called  arethanea.  Eth§l  carbnmatty 
calli^l  Miiuply  urrthanr^  \6  pr(;<ltiL'i!d  :  I.  By  leaving  ethyl  carbonate  ia  cou> 
tout  wilh  a^utfuu^  uuiiuoitia  . — 


co<;><^."6 


Nil, 


CjHjOH     -t- 


^-<S^^i. 


2.  Ry  the  action  of  ammonia  on  ethyl  ohiorocarbonatc  (alcohol  aaturatod 

with  phutfgunvj: — 


co<Sc,H, 


3.  By  passing  cyanogen  chloride  into  alcohol : — 

CWa     4-     2C^Hj(0lI)      »     CJl^Cl     + 

4.  By  direct  union  of  cyanic  acid  vitk  alcohol  :- 


™<IJ^. 


This  compoand  orystaUiscs  in  large  tables,  molts  somewhat  below  10(K>, 
boiU  at  180^  C  (35(j^  F.):  dit^solvi's  t!a»il>'  in  water,  alcohol,  an<l  ethrr. 
It  is  deoomponM  by  alkalit^s  into  carl^nn  dioxid«,  ammonia,  and  alcohol, 
and  by  aniioouia  into  aicuhul  and  carbatnidti  : — 


'^<:^^x 


4-     NH, 


CjHjOU     -f 


C0<^" 


U. 


The  other  urethanes  homologous  with  ethyl  carlionale,  are  obtained  by 
Biiuilar  ri*Qciiuiis,  and  oxhibii  similar  projHjriiuii  and  dt'cumpositiona.     Tlie 

methyl-compouud|  ^^^^Cj[\nt\    i  fo'uis    tabular  crystals,  melu  at   ^\'2P  V, 

(12,'i.(!0  F.),  and  bolls  at  177^  C.  (350.tP  F.>-     The  iBopenlyl-eomiwund, 


CO<f"' 


crystallin)^   from   hot   «ati*r   in 


ne*v1U<fi  having  a  metallie 
(42SO  F.)- 


lustre,  melts  at  GGO  C.  (150.8^  F.}.  aud  boils  at  220O  C 

Thictarhamie  Acid,  ^^Csu'  *  l^ ol>taIned by deoompocing  itaammo< 

ninm  salt  with  dilute  sulphuric  acid,  as  a  reddish  oil,  which  easily  splits 
up  Into  thiocyanic  acid  and  hydro^^en  sulphide  : — 

CB(Nn,)(81l)     »    ca.Mi     +     SII, . 
With  water  it  yields  cyanic  acid  and  hydrogen  sulphide : — 

CS(NH,)CSH)     4-     H,0     =     CO.NH     +     2SH, 
6(i« 
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lu  iirnmouium  salt,  CS(NH,)(S.NH4),  fornu-tl  by  the  tut'xon  of 
atuiuunia  uii  CS,,  cryi(lallixu«  in  /ulluwitoh  iteefUrti  or  pri&mB. 

Acid   tbiocarbamtc   etherx,  or   rather   thc>ir   aiuine  talts.  are   funutfd 
bt?atiug  carbou  dkulphide  nith  amiueii  in  aluoholiu  aolutiou  :^ 


C8,    4- 


ElhyUinlatt. 


KthytnrtiBtDiiio 
cthyl-luiuoarbamata. 


I 


Od  healing  thU  salt  with  caustic  Boda,  cthytamiiie  Ls  6oparat«Ml,  and  Aoiliam 
«thyl-Uni>carbumate,  CS<^^.^.^   »    -  ,  U    pnxiuctKl,  from  which  hy- 

drochiorio  acid  aeparateu  uthy  1- tliiocftrbamlc  »oid,  CS<^A     »    * 

(IN  an  nil  wliich  aulirliflofl  tu  a  crystalline  maaa  on  cooling.  By  heating 
the  aniinv  italU  o(  ethyl  ihiocjirbaiuic  acid  to  l\X]0^  aloohoUo  th'iocar  b- 
amidtis   aru  produutxl  Cp>  7UJ),  c.^.. 


-NII.CjHi 


U,S 


.Nn.c,H» 


Die  t  h  y  I  •  t  b  1  oca  rbam  Ida. 


I 


ElhyUmmuDlc  elhyl- 
tbliMarbiLiuale. 

Br  h<>atlng  lUft  aame  amiiie-salta  with  mvt«Ulo  salts,  as  silver  nitrate 
tn^-n'urio  oUlorid«,  »all*t  of  elhy  I- 1  Uiocar  hamic  acid  aru  pr  ' 
l*trd  :  r'9't 

«Mi  th<«  aalti,  whon  boiled  with  water,  yield  tbiooarbimidea  : 

t*(>:zNn  or  N  {  ..     ,  is  thL>  samo  oa  oyanii^  acid,  and  mil: 

of  cyanic  aeid  are  uHwit  appriiprialfly  rvprettuuted  by  the 
MtcHcn.  eap«*ctally  its  rcsuluii.ui  into  carbon  dioxide  and  azu- 
Z^  iW  iDflucnce  of  acids  or  alknliva  : 

5IUC0)     +     ",*J     =     NH.     +     CO,;  M 

f^umation  of  rthylatniriH  and   its  homologura,  iP 

«4K«rs  (alcoholic  larliiinidfs)  with  potash  (p.  542). 

"ifcj^TTiin  at'id  or  Biilphocyniiic  arid,  CN8I!,  ih  idfutioel 

C5~'M1,  and   tht»  isnthiwyanic  wtliMrs  with  alcoholio 

0K4liWiiyan)tl«  or  Tolatilf  oil  of  mustard,  for  exam- 

^vHUiocttibiinidc,    CS=N,C,Ilj   (soo    THiocrajiio 


^    .  •  •A5 


NH, 


»  ^ft9^   CON.H,  =  C0<5^.[j^  .—This   coniix>und 

cf  nummalia,  and   in  !^inalk<r  (|uantity  in 

^to  in  iither  aitiimil  Bivrotinns.     it  ia 

^7SM{io6ition  of  the  constiturnt  atoms  of 

t^xt  p\*^  when  its  aqufwua  solution  ia 


«><sii; 


ta  1828,  was  the  first  instonoa 
m.  UTing  organism  (p.  4UU). 


4uu;.  ^1 
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n\ 


2.  By  th«  action  of  unmonia  on  cu-bonyl  chloride,  or  on  «UiyUc  car- 
buuAte: 

COCl,  +     2NH,     »     2Ha  +     CO(JIH,), 

CO(OC,Hj),    +     2.NH,    s     2(C,H4.0H)     -f    CO(NU^,. 

3.  &j  heating  ammonium  carbamate  to  13l>'-140^ : 

4.  By  beating  oxamJUtf  with  mercaric  oxide: 

C,0,(NH^,    +     HgO    —     CO,     -f     llg     +     CO<NH,),. 

5.  By  tho  action  uf  small  qaautit!ea  of  acids  ou  cranamidu : 


NH 


C^"  "     -4- 


U.O    « 


It  Is  atflo  produced  by  tlit*  action  of  alkalii>»  on  orealine  and  altantdt 
and  by  oxiilation  of  uric  auid,  guanine,  and  xanthine. 

f^^pamtMn .'~*\ .  From  nrine.  Frcfdi  human  urine  is  concentrated  in 
a  water-bath,  until  reduced  to  an  eiglkth  or  a  tenth  of  ita  original  volume, 
and  filtered  througli  cloth  from  the  inaolublv  dv^pusit  of  urates  and  phon- 
pbatea.  The  liquid  ia  mixttd  with  about  an  equal  quantity  of  ittrung  huIu- 
tioii  of  oxalic  acid  iu  liot  watvr,  and  the  whult*  vigorously  agjialwl  and 
l«ft  to  cool.  A  very  copious  fawn-Mdored  cryslAJIine  precipitate  of  urett 
Biaiale  la  tbaa  ohlaintHl,  which  may  be  placed  upon  a  cloth  flitter,  slightly 
waahvd  with  oold  wat**r,  and  pri<«K0d.  This  la  to  be  din^ulved  in  boilinii 
water,  and  povdere*!  chalk  added  until  etTerveaot^nce  ceaKi*«,  and  the  liquid 
beoomea  neutral.  The  Holution  of  urea  iti  filtered  rmm  the  iuhuluble  ual- 
eium  oxalate,  wamiud  with  a  little  animal  charuuaJ,  again  filtiTiHl,  and 
concentrated  by  evajH)ration,  avoiding  ebullition,  until  crystals  form  on 
cooling  :  these  are  purified  by  a  repetition  of  the  laat  part  of  the  jirocetts. 
Anntbt^r  prortw«  oonitistM  in  pr'*cipitattng  the  evaporatt-tl  urine  with  con- 
(H^ntrattNi  nitric  acid,  when  urea  aitrntr  ifi  preclpilaled,  which  \»  purified 
by  rccrvittaliizatiou  with  the  aid  of  aniuial  charcoal,  and,  lastly,  decora- 
poied  by  barium  carbonate,  whereby  a  mixture  of  barium  nitrate  and 
nrea  \%  formal,  which  is  to  lie  evapivrated  to  dryness  on  the  water-bath, 
and  exhausted  with  hut  alcohol;  tho  ur**^  then  crystallizes  on  (yK>ling. 
Urea  may  alAO  be  «ixtract«vi  in  great  abundance  from  the  urine  of  horsrti 
and  cattle  duly  concentrated,  and  from  which  the  hippnrio  acid  has  been 
Beparat«Nl  by  a.idilion  of  hydrochloric  acid  ;  oxalic  acid  then  throws  down 
the  oxalate  in  rtUch  quantity  as  Xa  render  the  whole  Bemi-iudid. 

2.  From  ammonium  isocyannte. — rntattsium  isoeyanate  is  dia- 
aolrcsl  in  a  small  quantity  of  water,  and  a  quantity  of  dry  neutral  ammo- 
nium  Hulphate,  e<iual  In  weight  to  the  cyanate,  is  addwi.  The  whole  is 
eva|x>rat<Ml  to  dryness  in  a  water-bath,  and  the  dry  residue  boilwl  with 
strong  alcohol,  which  dissolves  out  the  urea,  leaving  the  ptitassium  sul- 
phoUf  and  the  excess  of  ammonium  sulphate  untouched.  The  6lt«>rcd 
solution,  conrentrated  by  distilling  o^  a  portion  of  the  spirit,  deposits  the 
urea  in  beautiful  crystals  of  considerable  size.  According  to  J,  Williams,* 
isocyanato  of  lead  is  more  convenient  for  this  preparation  than  the  i>ota8- 
sium  salt.  It  is  to  be  digested  at  a  gentle  beat  in  a  Hufflcient  quantity  of 
water  with  an  equivalent  qnanlity  of  ammonium  sulphate,  and  the  liquid 
Altered  and  evaporatvd. 

•  Ohem.  Soe.  Journal  (1N0),  xat  ««, 


* 


i 
i 


» 
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Urea  forms  transparent.  colorlr«s,  fonr-slded  prisms,  which  are  axthj- 

rlffrus,  si>lubl«  lu  ua  ixjual  wt'if;ht  of  cold  wnU-r,  And  iit  a  iiiiicb  smaller 
qu&itlity  at  a  liigli  Ivmperulurt;.  It  is  aUu  rt.'adil>'  disM>lvud  by  aktjhol. 
It  is  inodurous,  has  a  cooling  suliuv  taste,  aud  is  pcTiuaueiit  tn  moderately 
dry  air.  When  heated  it  mcItH,  and  at  a  higher  temperature  deoompoeett, 
giving  ntf  arjimoiiia  aud  auiuoniuuj  cyauair,  and  leaving  eyanuriv  acid, 
uhiih  lit'ars  a  mucli  greater  heat  without  ehaiige.  The  solution  of  urt>a 
la  uoutrul  to  te»i-paper  ;  it  ih  nut  deuomposed  in  the  cold  by  alkalies  or  by 
eahriuni  Ityilratt*.  but  at  a  l>uiling  heat  fiuitit  ainiuouia,  and  forms  a  ujvtallio 
carUjiiatf.  Tlie  same  uhuiige  in  proiluced  by  fiidiun  with  the  alkaline 
hydrates,  and  when  urea  16  healed  with  water  iu  a  settled  tube  to  a  tempe- 
rature aL>ov'e  lUU^: 

COII.X,    -f     H,0    »>    CO,    4-     2NH, . 

Urea,  heattMl  with  a  larger  exco^s  of  potaftsinm  permanganate^  in  presence 
of  much  free  alkali,  givei:  olf  all  iU  nitrogen  iu  the  Free  stale,  dilferiug.  ju 
this  rviiiieet,  from  iiju:tt  amidcd,  the  nitrogen  of  whicb  is  uxiditvd  by  this 
treatment  U>  nitric  add. 

L'rea  is  iiiHlantly  deuomposed  hy  nitrnua  acul  into  carbon  dioxide,  nitro- 
gen, and  waller:  CUU^N,  +  *iNl»a'l  =  <**?  +  ^^'t  +  ^^,0  ;  tliiit  ileuompo- 
silion  explains  the  use  uf  urea  in  preparing  nitric  elhur  (p.  373).  When 
chlorine  yns  is  passed  over  mi'lti'd  urea,  hyd/orhlorii:  acid  and  nilrogeii  ar« 
erolved,  and  there  remains  a  mixture  ol  sul-ammonia^:  aud  cyanurie  auid: 

ecou^N,   4-    3Ci,  =   aCaii,>',o,   +   4.\H.ci   +    ;:aci   +   N,, 

A   solntion  of  pure  urea  shows  no  tendency  to  changf)  by  ke<<ping,  and 

is  not  diMx>itiposeil  by  boiling  ;  iu  the  urine,  on  the  other  hand,  where  il 
is  asiioeialed  with  putrffiabU-  organic  matter,  as  mucus,  the  case  is  differeut. 
lu  putrid  uriu*'  no  urea  can  be  fuuiid,  but  enough  ammonium  carbonate  to 
cause  brisk  t^lfervesconce  with  nu  acid  ;  and  if  urine,  in  a  reixutt  state,  be 
long  boiled,  it  gives  off  ammonia  and  carljouio  acid  from  the  same  source* 

CoMPoriTDa  OK  Urra. — 1.  With  Acids. — F res,  like  glyoocine,  nnit«8 
with  acids,  base's,  and  salts,  bul  though  a  diamide,  it  combines  with  ouly 
one  mob-cule  of  an  acid,  one  of  Its  amidogen  groups  t>eing  neatralized  by 
the  CO-  group. 

The  nitrate^  CH,N,O.NO,H,  U  readily  soluble  in  water,  and  crystalliaee 
from  the  aque<in<t  .Holution  in  long  prinms,  but  slightly  soluble  in  nitric 
acid,  and  is  therefort^  prwipilfttiNl  by  nitric  acid  fmm  the  aqneoos  solution 
of  nrea.  Th«?  nralaif,  (riljN.jO)j.C,H,0,,  is  obtain.^  as  a  white  cryatallins 
prrcipitatp  by  mixing  thr  aqueous  solutions  of  oxalio  acid  and  area  ;  it  is 
but  slightly  soluble  In  water. 

2.  With  Metallic  Oxides. — On  adding  moint  *i7rfT  onVe  to  a  aola- 
tion  of  urea,  tho  oorapound,  C0H,N;.3Ag,O,  is  depf«ilcd  as  a  gray  powder 
made  up  of  fine  needles.  Mfrmric  nitrate  added  tn  a  solution  of  urea, 
mixed  with  pot.-i«h,  f(trms  awhile  precipitate  containing  COHjN,.iiHgO. 
With  merntric  rJUoritU  a  white  prMi-ipitate  is  f(*rmed.  which,  on  boiling  with 
watur,  turns  yellow,  and  is  cmvt-rled  into  COII,N,.3ilg().  On  adding  mer- 
curic oxide  to  a  warm  solution  uf  urea,  the  compound,  COH,N,.UgO, 
appears  to  be  produc^l. 

3.  With  Halts. — On. evaporating  a  solution  of  urea  mixed  with  Mt^itua 
fUnridr.  the  eompnund  C01I^N,.NaCl  is  obtaineil  in  shining  prisms.  The 
compound  COn^N,.AgNO„  obtained  in  a  similar  manner,  forms  large 
rhonible  prisms. 

lanretine,  rH|N,0,  Isomeric  with  urea,  is  formed  by  direct  oombination 
of  bj^drogen  cyanide  (carblmlde)  with  hydroxylamine  :  CNH  -\-  NHjO 


J 


ETHYL    ALLOPQAXATC. 

nijNjO,  And  is  oltlAiiiHd  hy  evAporalion  in  Innf^  tyilnrlHiA  n^^lf^,  having 
a  »iron>c  alkaline  rcjation,  aiul  luoltinK  at  KH^  C.  (-lit.'io  F.)-  '^  bj^dru- 
chloride,  CH^NjO.LICl,  forma  dcliquesiK'Ut  rhombic  pUt^. 

laurtrtino  dfc(irii{M>Hr!i  abovo  iu  mi'llinf^-innnt,  yit;lding  a  Bublimate  of 
aiuiuouiuiu  carbuitaLe,  mid  a  rtwidtiH  cuuliiiniiiK  auiuwlidv  (p.  C49).  Ita 
aqueous  Holiition  also  dfi-i>tui>o8t>ii  when  fvaj^jrattd,  giving  off  Ditrogrn, 
aiiiiiHiiiia,  and  carbon  dioxide,  and  leaving  a  rebidue  coutaiiiing  urea  and 
binret. 

The  constitution  of  Isuretine  ma/  perhaps  be  repreufotod  hy  the  formuU 

cuf 

Hydroxyl-carbaxnidoor  Hydroxyl-nrea.  CH.NjO,=  C0<^*^^, 

ii  prepartnl  hy  adding  a  strung  soluliuu  of  putat^aium  uj&nalo  to  a  aolutlon 
of  h/ilroxylamine  iiitrato  coule«i  to  — lC*o  C.  (14-'  V.)-  It  dissolvr"*  cnailjr 
iu  water  and  in  al(Xihol,  and  i«  preeipitat«^  fruni  lUvuf.  aoluuoua  bjr  eUttir 
iu  white  needles  nielting  at  12dCUi3i;0  (;.  (262.4C^2l)tP  F.). 


Biuret.  C,HtN,0^  ia  produced  by  heating  urea  to  16OO.ie0O  C.  (302°- 
32uo  b'.),  the  ehuige  oonaisting  in  the  aeporatiou  of  one  molecule  of  aui* 
munia  fntui  two  inuleculea  of  urea: 


CO 


<^ 


=     NH,     + 


CO<^'H. 
NH 


Thp  hiur*'t  i«  pxtrnrted  from  the  residue  by  cold  water.  It  is  easily  »oln1i1e 
in  wator  and  in  alcohol,  aiitl  uryulallizt^  in  slender  needles  uontaiuing  una 
molecule  of  water.  lU  aqueous  solution,  mixed  with  potaih,  dissolvva 
ouprir  oxide  willi  reil-violet  (Vilor. 

Biuret  heatixl  above   17<PC.  (3380  p.)  la  reeolred  into  ammonia  and 
cyan  uric  acid  : — 

aCjIIjNjO,       =       3XH,       -f        2C,H,N,0, , 

When  heated  in  a  atn^am  of  gasi'ous  hydrogen  chloride,  it  yields  cyanurio 
acid,  urea,  and  guanidine,  TH^Nj,  togctiior  witli  ammonia  and  carbon 
dioxide.     The  formation  of  guanidiue  ia  represented  by  the  equation: 


Biuret. 


—    CO,    +     PfH-C<n?» 


-NH, 

Quanldine. 


Bthyl  AUophan.te,  C,H,(C,n,)N,O,-C0<jJS!c0.0C,H. '  '"' 
^"*^CO  (X' H  •    **  produced  by  the  action  of  ethyl  ohiorocarbouate  on 


^<NH*     "^      C0C1.0.C,Hi 


NH. 


HO  4-   co<nh!co.oc,H4 

or  by  passing  oyanio  acid  vapor  into  absolute  alcohol : 


2(C0.NH)     4- 


co<; 


XH, 


NU.CO.OCjHi 


TIiIb  ether  forros  shining  prismatic  crystals,  soluble  in  hot  water  and  in 
akiihul.  Treated  with  ejkusiie  liAryta^  it  yields  the  barium  salt  of  allo- 
phanic  acid,  C,HjN,0,,  but  the  add  iUeif  cannot  be  obtained  in  the  fr«« 


A 
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*Ut4t.  u.  when  dfpArftled  fmm  the  tmriuin  bhII  hy  a  mlurr&l  ncUl,  tt  is 

Kthora  mA.r,  botrcrt^r,  bv  preparfd  by  thv  ftoUon  of  QyAnic  ooid  ou  vi 

Alluphiuiio  acti'l  ti  rcUtwl  to  biuri;t  in  tbeianu}  mantuir  asoarbamic 
Iri  ur«« : 

NH, 


OartiAOiie  acid. 
Allo])haoic  Aoltl. 


Biuret. 


CO.NH,  ' 


In  wtbcr  words,  bturf^t  is  Ui«  amide  of  allophanio  nctd. 

Tfls«nlo  Acid,  'VI,N,0,-CU<;5[|j^,Qj^_^^y^.  bt   produced 
^ftt/tifl^OfUdo  Mtd  vaijor  into  cold  aldeb.vdu  : 

3(C0.NH)    -f-    r,II,0    =    CO,    4-    c,n,N,o,. 

It  ^ysL&lltu's  in  priamtf  liliifhtly  iwlublo  in  wat«r  and  in  alcohol,  aud 
rotnpwing  when  bvati-d. 


DvrtvatlTes  of  Carbamide. — Compound  Ureaa, 

'y%»  kydrufvu  in  carbatuidc  may  bo  rcptaci'd  by  alcoholic  or  by  acit 


U  tV»  alootioUc  dorlvativoa  arf*  form*Nt  by  protesses  Riniilar 
thNM  vUoh  yit'M  cfirlmiiiidi*  ituflf.  nani<'Iy,  by  the  ai'tlon  of  axiiiiiva 
•MblVttR^  vr  **(  amuiunia  and  auiiueit  on  cynniu  ftbi?r»  : 


*cV    ^.VH»    +    NH| 
OK'XCA  +    NII,.CH, 


=     CO<-;!j}*^^»"i|BthyI-cafbamId*, 


*  -J  Methyl-carbHmide. 


—  ,.,.^N'il.<'vlJ,  /  Mc-tliyl-etUyl-corba- 

—  ^^'^.Nll.rU,    \      mi.le. 

«^  yuA— d  by  bfating  isocyanic  ethers  with  water,  the  reao- 
..  f-tJPtiMjf  t*kin(  placo  by  t»n  stages,  thith  : 

VU--»A\«,    +     H,0     »    CO,     +      NH,.C,n, 


ItrvalU  ri'st'inblo  nrua  in  their  proi^^rtles  and  r{>Ac{l 
••rtk  tMi^  n^liiivaK-ni  of  an  mid.      By  boiling  with  alkali* 
-^    >«H'  i:«rUu3  dioxide  and  uiuine^. 

-•^•.  <'^*<^\|j'      *•  wvitRlIixes  in  long  transparent 
trill  to  tost-pniMT,  and  if  ?unl•'^vllnt  con- 
,  -r^-cipitate  of  the  saU  CjU.N.O.iliNO.. 

-  V'^^Vxuical*   prwiut^od    by  the  action  at 


CABBANIDES. 


791 


WKter  or  of  methrlHmine  on  methjl  ojnnate,  ervMallitofl  easily,  mt'lls  at 
07^  C.  (20ti.t;'^  F.),  %'ulAtili£«a  vrithout  alleratiou,  and  toruia  with  iiitrio 
acid  thu  salt  C,HgN,0.  UNO^. 

Eikifl'CarhamitUt  CO<^^  jj*"""* ,  forma  largn  prUms,  easily  snluble 

in  water  and  in  alooliol,  mt'lting  at  9'JP  C.  (11*7.00  F.).  Nitric  acid  do('s 
lint  pruc'ipiUitv  iU  a4Ui^uua  solution,  but  vrj^fltalii  uf  the  nitrat«  C^UiMyO. 
I£*\0,  are  obtained  ou  evapnration. 

Divthjft-carbamide,  C0N,H,(C2Ug)|>— Of  thia  ooupoond   thiT<!  are 
two  modifloatiana. 

m'Died$^-carbamkiet  CO^^m',.'.,*  ,  formed  by  the  action  of  water  or  of 

ethylamine  on  elhrl  cyanatt*  (nne  alM>ve),  cryslallixcs  In  long  prisni!*.  melts 
at    IV29   C.   (233/tP  F.)*  And    Unla  withuut  duwiuiKMiliuu  at    2a:P  C. 

(ri0r).4O  F.>. 

«-M£/Ay-«jr6amW«,C0<^'[r«"*^«,  la  formed  by  tb«  action  of  diethyl- 
amine  ou  cyanic  acid  : 

It  mclta  at  970  C.  (206.6O  F.>,  and  boUs  at  270O-28Cio  C.  (018O_536O  p.). 
Jf«fAy/-«f AjZ-carbamif/tf,  CO<^j||[]'|;  I*   ,  formed  by  the  action 
of  uiethylamlue  on  ethyl  iaocyanate,  ia  very  duiitjuescont. 

Triethj/i-carbamide,   CO<^jJj|*^?'|f^«  ,  is  eaaily  soluble  in  WAter, 

alcohol,  and  ether,  mMts  at  53^  C.  (lil?.-*^  F.),  and  distils  at  2230  G. 
<433.40  F.)- 

Alljfl-carbamiHef  CO<^i;^.[:     ■    *  ,  from  allyl  iaocyanate  and  ammo- 
nia, cryslaJlizoa  in  fine  priams. 

Dittiljfi-carbamide  or  SinapoUnt,  ^^^^vii V'l]^*  ^^   formed   by 
heating  allyl  iaocyanate  with  water : 

2(C0^N.C,Hs)    +     11,0    =    CO,    +    CO(NH.C,H^,: 

or  by  heating  allyl-iHothlocyanalo,  C8^rN.C,Hj  (volatile  oil  of  muHlard) 
witliwater  and  load  oxidr.  thereby  diaUy]-thi»carbaiuide,  CS(iN*II.C',H,y)|, 
ia  flrst  produc«Hl,  and  thru  ronri-rti'd  intn  diallyl-CArbnDiidi*  by  tbn  aetinn 
of  the  lead  oxide.  Diallyl-carbaiuide  crystallizes  in  large  shining  luniinic, 
slightly  soluble  in  water,  having  an  alkaline  reaction,  and  melting  at  1(K>0. 

£lA*np-f/ifar6amirfc,C.H„N40,»C,H^<J5|{23{l^J5[J».laformed 
by  beating  etbene-diamine  hydrochloride  with  ailvur  cyauate  : 
C,H4(NH,),.2HCl     -f-     2CN0Ag    —    2AgCl    +     C,0,(NII,),(NH),.r,H, . 

It  is  sparingly  soluble  In  alcohol^  easily  in  hot  water,  melts  with  dcoompo* 
■ition  at  1»20  C.  (377.60  F.)- 

hirihyt-fihfnm-carhoHiatnidt,  C,0,(NH.C,Hj),(NH),(C,H<),  ad- 
mits uf  two  rniKliflcatinns,  vii.  ; 

^i"*\NH— C0—NH(C,H4)  ■""  *^"<^N(C3nj)— CO— Nil,' 
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tlir  first  prodacvd  from  othjl  isot-.TftnAl**  and  ethene-d{AmIli«r  *!*•  i^cotii 
from  ryftilic  ftcid  fttid  tlietb vl-eth«iie-4liamiim. 

Alcoholic  oarbumldM  ooDlAinin^  dUtomic  radiclra  Arr  alfio  pmdnrod 
iiublnalion  of  e&rbamidefl  with  ftldehydM,  with  vlimiuAtion  of  water;  t, 

Alljrknr-  C4rb*mkle.  Acrolein. 

dlcirbamiU«. 


In  lik«in&nner  the  nnnponnda, 


Heptcne-dloftrt)- 


and 


CO.NH, 

Hiheiitrni* 
trlearbAcnlde. 


are  produred  from  carbamide  and  npnanthol.     All  these  aldehjdic  earba- 
uudM  ar«  rueolved  by  boiling  with  walvr  into  carbaoiide  and  aldehjrdv. 


2.  Contafning  Aoid  Radicles. — T&rb&mides  containing'  monatooaio 
acid  radiidi^v  arc  formiHi  hy  llif"  action  nf  acid  chloridfs  or  nnhydrides  on 
carbamide.     ThT*r  are  not  (Nipftbli.*  of  forming^  snltif  with  acids.     Alkaii 
dnoomposK  them  into  carbamide  and  the  corresponding  acid. 


Acttjfl-cdrhamifit,    C0<^ 


NH.C,H,0 


crjrBtallixM  in  long,   ailkx, 


Hfwllrt.  melting  at  1120  C.  (233.(;Q  F.),  aligbtly  noluble  in  cold  water  and 
alouhol,  decomposed  bv  hefitin^  into  awlamid*'  and  c.rannric  acid. — Chiar- 
«rrrW.«Tir^iMii</r,Cjll3nN,0,  =  (:o(NlI,)<NII.C*,llaClU),  forms  laminiPcAitily 
•uliiblo  in  waliT,  and  1;*  nijolved  hy  heal  into  hydrwliluric  ocid  and  hyd- 
anli>ln,  <\H,N,0,.  —  Bromurvtifl-tiirfHimulf^  CjH^BrN  (>„  urystallt£<*8  in 
ikhnUm  ilightl/  solublo  in  water,  and  is  deoompodcd  by  huat  iu  a  similar 
man  nor. 

hiaeff^l-enrhamide,  COCNH.CjHjO),,  produced  by  the  action  of 
atx'tio  anhydride  on  cnrbaintde,  or  of  carltonyl-chlurideon  acvtamid«,  crys- 
taUit(«  in  nt^lt.*»,  and  Hitblimrs  without  dec<im|KMition. 

GarbtnUdctt  onntaiuing  diatomic  acid-radicles,  such  aa  ffiycoljfl- 

Wi'tuMiife,  CO^SJij^^t-'tHtOt  '"'«  obtained  aa  derivatives  of  uric  acid, 
will  be  dcacribod  iu  connection  therewith. 

ThlooaTbamldo  or  Thio-nrea,  <^S<^^.  »,  also  called  SuJpfttt^ntrfHt 


1 


awi/f  and  Nifj4urr<i. — Thi«  oompoun 
i\\»ii«lo  to  litP  C.  (33*iO  F.)  in  th* 


nd  is  foniHid  by  heating  ammoninm  thio- 


same  inniiiK-r  a»  cirbainide  is  formed 
(nmi  Mumuitlum  eranate.     It  crystallizes  in  silky  needlt^s  or  thick  rhombic 

rfi«au«  MUllv  Mdtiblo  in  water  and  alojliol,  sparingly  in  KtluT,  melta  at- 
4(N>  {.'.  (SJl^4.f«^  K.),  and  deoompoaoj*  at  a  highf*r  temperature,  giving  otT 
ItarWukitiautithide,  hydrt»gen  aulphide,  and  ammonia,  and  leaving  me  lam 
{\<  y4l»*.  when  hcalwl  with  water  to  I4tP  C.  (2840  F.)  it  is  reccmverted 
|tii*t  aiumi'uiuiu  4utphtH\vaiiAte,  and  by  boiling  with  alkalieji,  or  with  hy- 
div^>hiv>i  w  \)t  lulphttric  acid,  it  is  decomposed  according  to  the  equation 


caN,!^  -^    aH,o 


In  i>>iitaot  w<* 
Q^utverUHl  -ht  oi ' 


»     CO,     4-     2NH,     4-     H^S. 

•'f  silver,  mercury,  or  lead,  and  water,  it  la 
itvNi  into  cyanamidu,  CN.NH^  and  by 
U',  r^N.H,  (p.  448). 
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ThiocjirbftDiide,  like  c&rbamlrle,  forms  salts  coutaiuing  ono  equivalent 
of  Add,     The  nitratf,  CSNjH^.HNO,,  fonus  Urge  crystals. 

Alcoholic  derivatives  of  ihiwArimuiiHe  art^  fnmu-d  bv  the  proo<'R8e8 
similar  to  those  employed  in  the  preparation  of  tlie  alooholic  corbamides  ; 

EthyltJilo. 
cnrbauk)4e. 


cs=iN(c,n,) 

Etbf  1  thloeyanatc. 


cs::zK(c,Hj>   +   nu,ccu,>   = 


EthTlAromooluED 
KrhylJltlilocftrbaDiite. 


«     H^    + 


Methyl-«tliy|. 
HilocArbamlde. 

Diethyl  tljlo- 
citrbnitililu. 


Theee  compnumls  are  dysulphuriipd  by  hoating  them  with  wat4-r  and 
mercuric  oxide,  the  sulphur  U'iMjj  replact-*d  by  oxyf^nn.  Thosf«  containing 
two  eqnivalenta  of  al<;y)iiol-raditiU>!}  are  converted  by  thia  reaotlou  into  th« 
corresponding   carbamide?: 


CS<^"***R* 


+   iigo   -   iigs   +   co<5![{;J^|^j 


whentas  the  mono-flukstitulcd  dmratives  are  (inverted,  by  furtlier  sepa- 
ration of  hydroguu  sulphide,  Into  alcoholic  cyanamidea  (m«l»- 
iniuua,  p.  MU): 


CS<: 


MI(C,H,) 
NIL 


Ethyl-thloear- 
b&tnldc. 


Ethyl- 
cynoatnide. 


When  the  biaubstitutc'd  lliiocarbamides  are  hentod  with  merennV  nxfdo 
and  amint*s,  the  oxy^^on  of  tho  Kubatitnted  carljamide  f(>riiit<d  in  thp  first 
instance  is  replaced  by  imidogen,  NU,  and  Bulietitutod  guanidiueti  arc  pro- 
duced ;  thus  : 

CS<VH  c'h    +  ^'"«-*^>^«+  HgO  =  HgS  +  H,0-hC^N.C,H,     , 

Dlethyl-thlo-  Triethyl- 

carbiiiiilile  guanullDc, 

Klhi/i-fhiornr^HunUie,  CS(NH,)CNn.CjHO,  crrBtallixps  in  nprdlwi  nmlting 
at  8i»c  C.  (102.20  p.).  /Jifthsl'thinmrhamulP,  CS(Nn.«;,n.)p  forms  large 
crystals  sparingly  solubk-  in  water,  and  molting  at  770  c.  (170.03  F.). 
Mrth^Uili^l-tAiomrbamitie,  CS(NH.CHa)(NH.(^H.),  melts  at  64P  C.  (129.30 
F.). 

Aiitfl-thiorarhomidvt  or  Tfifogtnnamine,  CS-C^JjS  ■  »  ,  obtained  by  combi- 
nation of  allyUhi9carbiinidp  (mu8tar<i-oil)  with  ammonia : 


CS-NX.Hj     +     NH, 


crystalUzcs  in  shining  rhomliic  prisms,  baring  a  bitter  taste,  melting  at 
7t»  C.  (ir>so  p.),  and  decomposing  at  a  higher  tempi-ratnre ;  eaftily  snhi- 
ble  in  water,  aliH^hol,  and  <'(ht'r.  Its  sails  are  decompi>srMl  by  water.  By 
b^iiling  with  mormrie  oxide  or  lend  oxide  and  water,  it  is  nnnrertwl  inU) 
allyl-cyanamidft,  CN.NH.r.Ilj.,  which  is  then  farther  converted,  aa  abov»* 
explained,    into     triailylmelamine    or     sinnamlne,    C,N,(NH. 
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CAK*AXIOIt    OOlTTAJVIirO    DIATOHIO    ACID    SADICLSV: 
DBIC    ACID    AVD    CBBIDBS. 


an  o» 


r 


Vrlo  Aoid*  (^'sNiHiO,,  fonnprW  c  allod  Lilktc  arid,  i»  a  product  o(  Ibe 
Aniiikal  iirguiimiii,  aiul  Uo-s  nerrr  bc«D  (omied  hy  artilleiiil  mt^anii.  It  tuA/ 
ho  |»r«'|tAr«fd  fi->»in  huuiau  uriue  by  cvucentration  mntl  Ai.iditiun  of  hyd 
vlihirlu  iu!id,  aitd  oryfttAlllztia  uut  aflvr  flotuf  time  in  thu  form  of  small 
diali»  traDsiactfOt  g^rainH^  vfry  didiuaU  to  parify.  A  much  prefc 
Uicthod  itt  in  employ  tlH5  Hotttl  whit«  exeroiQeut  of  serpents,  wbicb  can 
rA^ity  prtK'uri'd  :  this  ctMidists  almoHt  futif'/ly  of  urii?  a^'id  and  amintkntum 
tiratt.*.  It  in  riHlui't*<l  tu  povrdor,  .aud  boiled  in  dilute  M>lutiou  uf  caustic 
putAuli  ;  till'  1ti|nid,  fllti'tfrl  fruni  tli«  iiifiigiiiflrAUt  rf«iiliie  of  feculent 
matter  nn<l  cnrlliy  pboHpbatt^i^,  in  mijti'd  with  uxcea:*  of  hydrocblorlc 
Imitml  for  a  few  nduntes,  and  loft  to  cool.  The  prtKiuot  u  coDi.i'teU 
filler,  WAAliiid  until  (tw  from  pototiBium  cliluridv,  and  dried  by  gentle  h 

Uric  aciil,  tbuti  obtaiiHMl,  forms  a  gliatt-uiiig,  anuw-wbitu  powder, 
leas,  inodoroUM,  and  very  ajiaringly  nuluble.     It  is  »efu  under  the 
an)pu  to  c^mHisl  nf  minute,  but  regular  cry:4tals.     It  dii^oUea  in  couctfi 
trHt><«l  ttutpliuric  acid  without  appjurui  dei«im)Mvjitioii,  and  i8  prceipitaK^l 
by  ililutitiu  Willi  water.     Uy  dtnitruclive  distillation,  uric  ai;iit  yields  cy 
Acid,  hydrocyanin  acid,  carbon  dioxide,  ammonium  c;irl>onatis  and  a  b 
ctvilv  rL<jildne,  rich  in  nitmgen.     By  fusion  with  potajs-^iiun  bydruxide, 
^viebld  p<■tAS^Ium  oarlMtnati',  oyannti*.  and  cyanide.     \Vlu>n   treated   ^ 
nltrio  acid  and  with  lea<l  dioxide,  it  nudeTgows  decy^mixisition  in  a  mai 
tu  bi*  presflntly  daHcriliod. 

I'rio  ftoid  is  biboitif :  Us  nioftt  imimrtant  salts  tue  tbosu  of  the  alk 
metals.  A'itt  ftotusftimn  uratCf  C^N^HjKOg,  is  depusite*]  fniiu  a  hot  Batiirat 
•oliilioii  of  uric  at-id  in  tite  dilute  Alkali,  as  a  white,  sparingly  soluble, 
Mmciete  mass,  coni]>05ed  of  ndnute  DetMllos  :  it  rtMjnirc^  about  ^UO  parts 
of  «>Id  water  for  solution,  is  rather  more  solubb>  at  a  high  teniiM-rature, 
And  niucli  niori*  s<'>1tible  in  exw«B  of  alkali.  .SrW/um  arafr  resfinbles  th 
|iiitAS4ium  salt :  it  forms  the  chief  eonslitumt  of  the  gnnty  (vinrretians 
IIh>  Joints,  called  rAaU-stottrs.  Ammonium  nrntp  Is  also  a  sparingly  sola 
ft^u|Htund,  re<'iuirin^  for  solution  about  1000  parts  of  doUI  wiib*r:  Ihe  snlii- 
WUly  Is  very  uiuoh  inere.isi'd  by  tho  presoiic«  of  a  small  quantity  of  certain 
saltji,  tw  eotlium  chloride.  The  most  »"omitinn  of  Ihc  urinary  deposits, 
fttrnuii);  a  biilT-oolored  or  |iiiiklf*li  rUnni  nr  murldinfus,  whit-h  disappears 
hy  rtHllsHolittion  when  thu  urine  is  warmed,  consists  of  a  mixture  of  dif- 
Ibrrnt  urnti'H. 

Vv\v  acid  Is  perfet^tly  WfU  rhftraot**riJted,  oven  whi^n  in  very  small  qnau- 
lltj,  by  llM  Ivhavinr  with  nitrit;  mid.  A  smnll  ]^l^r^ion,  mixed  with  a  drop 
or  two  of  nitric  ncid  in  a  small  porcelain  oapsulp,  dissolvfis  with  ooplons 
^fferremiinon.  When  this  solution  is  cflntiotisly  -"vnpnrnt'-d  nearly  to  dry- 
ii<*«ui,  and,  ftfler  t1u<  a^Mition  of  a  litltc  w-nter.  iiiixed  witli  a  slight  ex^H.iaa 
of  nuiuioula,  a  dpejvreil  tint  of  mnrcxide  is  iuimnHiiti'ly  prt^duct**! 

liupuro  uric  arid,  in  a  morf  nr  less  advanced  stage  of  dt-cnniposition, 
hu)MiriiHl  into  this  country,  in  large  ijuantitirs,  for  u.«n  as  a  manure,  unf 
the  naiui'  of  tjmino  or  Amiiw«.  It  emiies  chirlly  from  the  barr»'n  and  un 
habiteil  Islets  of  the  western  coast  of  Sonth  America,  and  la  the  prodn 
tliui  of  thn  ivunllcsK  birds  that  dwell  nudiiidurUfl  in  those  regions.  The 
|MH>ple  of  Peru  havn  UM'd  it  for  a^es.  (iuano  usuftlly  apjM^Ars  as  a  pale- 
brown  powder,  souu'tinics  witli  wliitish  specks  ;  it  has  an  extremely  oifen- 
sive  otlor,  the  strength  of  which,  however,  varies  very  much.  It  is  soluble 
in  great  part  with  water,  and  the  solution  is  found  to  be  extremely  rieh  i 
ammonium  ox.ilate,  the  acid  having  Imen  generated  by  a  process  of  ox 
tion.     Ouano  also  contains  a  bas«  called  guanine. 
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Pntdndt  formed  from  Uric  Acid  by  Oxitlntian,  efc. 

WUen  uric  acid  ia  iiubj«oted  tu  tha  actiuu  of  an  oxidiziug  agent  iu  prus- 
enc«  of  waUir.  it  givet)  up  twuof  iU  liydn>g(m-aU>intt  to  tli*^  oxidixiug  agent, 
while  thtt  dtthydrogeniiced  reaidoe  (wbich  may  be  called  dehydurtc 
acid)  reacts  with  water  to  form   musoxalio   acid   and  urea: 

+     4U,0     «     C,H,0,     + 


acid. 


acid. 


Urtsa. 


Tho  separation  of  the  urea  generally  takefl    place,  howerer,  by  two 

Btagen,  Ihf  first  portion  being  removed  wore  «aaily  than  the  Btn»ud  ;  Ihiih, 
when  dilute  nitric  arid  acts  tijwn  uric  avitl,  alloxan  is  prtNluced  ;  and  this, 
wliBD  heated  with  baryta-watt-r,  iu  further  rcsolred  into  ineaioxalic  aeid 
aud  urva  • 

Dctiyduria 


AUoxaa. 


Urea. 


Alloxau. 


mp   =   r,iT,o    -I-   cNjii.o 

MoAOxnllo  Urea, 

acta. 


AUoxjin  ift  a  monurruirot  mfHoxnlic  ncid — that  in  tn  say,  it  is  a  compound 
of  tliflt  acid  with  one  tuutecule  of  urea  iiiinui)  2U,0;  aiul  the  hypothetiral 
deliydurio  Acid  i»  the  itiurrttle  of  tbe  same  acid,  derivt-d  from  it  by  A<i<lition 
of  2  muloculcs  of  urea  and  Bubtraution  of  4  niolcculca  of  water.  Now,  by 
hydru);eni&ing  uiesoxaliL*  acid,  wo  obtain  tartmnic  arid,  C'sII^O,  <p. 
758);  and  by  hydrngriiixiit;;  alloxan,  wo  obtain  dialnrie  acid,  wnirh 
two  bodies,  accordini^ly,  bear  to  uric  acid  tbe  eaujc  relation  that  meboxalic 
acid  and  urea  l>ear  tu  dehyduric  aeid  ;  thus  : 
CJTA  CN,H,0^ 

MeKuxaUo  Alloxan. 

RClO. 


Uehydurid 

acl>t 


T&rtroalo 


aeUl. 


CN.HA 

ifrlo  acid. 


DinluHc 


acid. 


and  Jnfit  as  tho  hypothetical  dehyduric  acid  yields  mcsoxalia  acid  and 
allnxau,  (tn  Hhoiild  actual  uric  arid  yield  lartronic  and  dinluric  noide. 
Tht-iie  bodiofi,  howo%"tT.  have  not  Iwcti  ublaiue«l  by  the  direct  bn-akin^-up 
of  uric  acid,  but  only  by  rehydrngpniscing  the  lutrsoxalic  arid  mid  albrxau 
whirh  rcRull  fmm  tho  hrenkinp-up  of  its  dcbydrotrciiixed  prmluct,  Fro- 
visionally,  htnvevcr,  dialuric  and  uric  acids  may  Ix*  regarded  as  lartron- 
ureide  and  tartron-diureide  rcspectirely  : 

OjiHA     +  CII.NjO    —    2H,0     = 

Tartraolo  Urea, 

add. 

C,H,Oj    4-  2CH^N,0    —    411,0    = 

TartroDlo  XJrc*. 

acid. 

The  bodies  jniit  mentioned  may  be  regarde<l  a«  typical  of  three  well- 
doflncd  clajiaea  of  oomponnds,  to  one  or  other  of  whicli  a  very  larpc  number 
of  uric  acid  prorlnrta  may  l>e  refiTrod,  vii.  :  (1)  Non-aiotixed  bibailc 
acids,  such  as  tiipsnxalic  and  tftrtmnic  neid  ;  (2)  Mon  ii  re  ides ,  such  as 
diftlurio  acid  and  alloxan,  containing  a  rpaidue  or  raiiiole  (^f  t^uch  an  acid, 
e.g.,  mesnxalyl,  0,11,,  plus  one  urea-re«idno,  f'f><;j^.jj ;  (3)  Din  reidea, 
Btich  OS  nric  acid  itaelf,  eontaiutng  an  acid  residue,  together  with  two 

:ea-re»iduefl. 


r.n.N.o, 

Uric  aold- 


d 
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Mfonu reide*. 

These  compoands  luAy  be  regarded  as  carhnmidcs  or  ureas,  in  which 
of  lUo   hjrdr<^«'ii   (generally  half)  is  r^tpluced  by  dlatuiuiL'   acid-radicl 
Th«y  are  either  4-carbou  couijiouuds  belungiiig  tu  the  metuixalic  aeritts,  *ud 

ooutainiii)^  the  raiUolu  fji^*^''*  (luusoxalyl),  or  rodivles  derived  from  it — 

or  S-carbnti  t^rnpounds  belonging  to  the  oxalic  series,  and  containing  the 
rudiutu  CO — CO  (oxalyl),  or  others  derived  thereCrom.  These  relatione  are 
exhibited  in  the  following  table  : 

Ur«a. 


^CO.OH 

co<" 

McBoxalle  ttcUL 

NH_CO^ 
CO^  >CO 

MpMixalyl-urea 
AUoxna. 

C0<  >CU.OH 

Tirtrnayl-Drea 
Dinlurlc  licia. 


CO 


n_co^ 

Nil— ^0^      ' 
Mfiloajrl-urea 
li»rbiturle  acitl. 


^ 


„^^N  II— CO— <:o— CO,H 
Altuxftnio  Add. 

Aiuldob«rblturio  iiold 
Urnmll. 

C0<^:i{Z[t>(^H.NO. 

Nitrubnrbllurlc  ncid 
DillturlCBctd. 

co<!51Jzj;'>n..No 

Nitro«obarbiturl«  Kcld. 

^"*^NU— CO-^^^0,.0H 

Tbionurio  acid. 

HoAt  of  these  ooiuiM>andB,  when 
the  currL*fliM»iding  diatotaio  auirfs 
tion:  r.  v-t 

CJ!,N,Oj    -I-     2H,0     = 

AIIOXAD. 


CO.OH 

CU.OH 
Oxallo  acid, 

NH— CO 

Oxalyt-urpfi 
ParabiiDio  sold. 

\H— CO 

^NH— tH.OH 
Oxjglycolyl  urea 
Alinuturlo  acid. 

co<7       I 

Oljrcrolyl-urea 

nydnotiUn. 

Oxalurte  actd, 
OxftJuramide. 

HydnatoTn  or 
Otycolurlo  add. 


treated  with  allcalicfl,  are  resolved  h 
and  urea,  or  itH  produuta  of  deouniposi. 

=    C,0,<OH),     -I-     CON,U,. 
McHuxnllc  Urea. 

acid. 


ThoHc  which   onntaiu  the  proap  NH,  anited  with  CIl,,  are  eonverttid  by 
bulling  with  alkalies,  or  with  strong  hjdriudic  acid,  into  auido-acidx 

:ii^— co,u 


Qlyco\ur\e  add. 


H-  H,0 


CO,  +  NHj  4-  Nn,.civco,H 

Olyeoetne. 
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1.   MeaDx&)ic  Series. 


Alloxan,  C|n,N,0,. — ^This  is  the  characteristic  product  of  the  action 
of  strong  nilrio  acid  on  uric  acid  in  the  cvld.  It  in  Iwttt  prepared  by  adding 
1  part  of  pulrerixed  urio  acid  to  3  parts  of  nitrit*  aoi<l,a]M^^ilic  gravity  1.4.5, 
in  a  Rliallow  baRin  standing  in  cold  water.  The  resulting  white  cryHtalHu^t 
mniis,  after  standing  for  some  hours,  is  ilrained  from  Hit-  acid  liquid  in  a 
funnel  having  it^  nock  stopped  witli  pounded  glasd,  then  dried  on  a  poroun 
tite,  and  purilled  by  crytitallization  from  a  Hoiall  quantity  of  water. 

Alloxan  crydtallizes  by  aUtvr  r^Miling  from  A  hot  saturatetl  solution  In 
large  cffioresccnt  rectangular  prismi^  containing  C,U,N,0^  ^-4Aq. ;  from  a 
■olutimi  evaporated  by  heat  it  separates  in  monoclinie  octnlitHlrous  witlk 
triiiiii'ated  Knmmit^,  (^ntainfng  C^HjN^O^-j-  Aq.  These  crystaU  heattnl  to 
15(»o_lti()0  c.  (302Ci-32t»o  F.)  in  a  strvaiuof  liydrogen  give  off  llieir  wat.ir, 
and  leave  anhjdrouii  alloxan,  C^N^HjO^.  Alloxan  iv  v«ry  soluble  in  water  : 
tlie  <4oEntion  has  an  aei<i  reliction,  a  disagreeably  astringent  taflte,  and  Ktain:4 
thu  Nkin,  after  a  time,  red  or  purple.  It  forms  a  deep-bine  compound  with 
a  ferrous  salt  and  an  alkali,  and  itji  solution,  mixed  witli  hydrocyania  aeid 
and  ammonia,  yields  a  white  precipitate  of  oxal  nramide;  theti£  two 
reactions  are  very  eharacteristiv. 

Alloxan  unites  (like  ketones)  with  alkaline  bisulphites^  forming  crystal- 
line eoiupoiindH, 

its  aqueoiiH  solution  docomposes  gradually  at  ordinary  temperatures,  more 
quickly  on  boiling,  into  alLoxantin,  paxaljanio  acid,  and  carbon  dioxide: 


Alloxaa. 


Ahoxantla. 


Parfinftulo 

AOlil. 


+     CO, 


By  boiling  with  dilute  acids,  Rllosnn  is  resolved  into  oxalic  aoid  and 
urea;  by  Ixiiling  with  baryta-water  or  leafl  acetate,  it  ia  firat  converted  into 
alloxanic  acid,  which  then  splitK  up  into  urea  and  mesoxalic  aeid.  By 
hydriodic  acid  auil  otlier  reducing  agents,  allnxan  is  converted,  especially 
in  tlie  cold,  into  alloxautin  ;  at  higher  temperatures  into  di&lurio  add. 

AUozanio  Acid,  C^NiH^O,.— The  barium-salt  of  this  aoid  is  depoaitctd 

in  Buiali,  colorUas,  pearly  crystals,  when  baryta-water  ia  added  to  a  solu- 
tion of  alloxan  heated  to  QCC  C.  (140O  p.),  u  long  as  the  provipitate  fint 
Cdnoed  redisaolvei,  and  the  filtered  solution  is  tlien  left  to  c«ki1.  Tim 
ium  may  bo  separated  by  the  cautious  addition  of  dilute  Hulphurie  acl'l, 
and  the  filtered  liquid,  ou  gentle  evaporation,  yields  alloxanio  arirl  in 
small  radiated  needles.  It  Uha  an  arid  taste  and  reaction,  dfwoinpoJtes 
carlH>natea,  and  dissolves  zinc  with  didengap.'ment  of  hydrogen.  It  itt  a 
bihasie  aoid.  The  alloxanntes  uf  the  atkall-nielals  are  freely  soluble: 
Uhwh  of  the  earth-Tnetals  diuHolve  in  &  largo  quantity  of  topid  water  :  that 
of  silver  is  quite  insoluble  and  anhydronn. 

On  Imiling  itH  naltJi  with  water,  tlio  nlloxanio  arid  is  resolved  Into  urea 
and  mesoxaiic  acid.     The  free  aoid  when  boiled  yields  oxalantin. 

Dtalnrlo  Acid,  *^i^4N,0(,  is  the  final  proiluctof  the  action  of  reducing 
ageuu  on  alloxan,  and  is  formed  when  sulphuretted  hydrogen  is  pa^tsed 
thn^ugl)  A  boiling  solution  of  aUoxan  till  no  further  action  takes  place: 
C(II,N,0,  -f-  H,8  =  r,H,N,0,  4-  8.  On  adding  to  an  aqin-ous  solution  of 
alloxan,  first  a  small  quantity  of  byiiroc.vaiiic  aeid  and  then  ptUojisiani 
oarlmnate,  thf  polnjtKium  Rait  of  riinlnric  a<^id  separates  out  iu  granular 
^ryntats,  whiUt  oxalurato  remains  dissolved: 

2C,H^N,0.    +     2K0H    =    C\1I,KN.0,    -f    C.U,KNA    -f    CO^ 

t;7» 
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Dialario  ncid  arparated  from  iU  BaLU  bv  hydrothlorw  mv'uI  crv«taItIs«B  Eu 
nct!>dlrs,  haa  a  strung  aoM  rcmiioii.  miil  whrii  4'X|Mwed  lu  ihe  air  '"— t 
atMurlw  oxygen,  and  U  ounvurtod  into  alioxatiliu: 

Barbituric  Aold.  CJI^^,0„  Ib  formed  hy  iho  action  of  MdioQ^ 

aninlf;aiii  or  livdriixlic  add  ou  dibrtHuobarliiturk  acid  :    also  bv  ht^atu 
floliition  of  alUtxnntiu   with  strong  sulphuric  add,  barbituric  avid 
8c]mratin^  uut,  wUilv  purabanie  ai'id  romaiiis  in  solution. 

Harbituric  acid  i-j-yHtnllixes  in  l>fnutiriil  priMiui,  oontainicf 
molooub's  of  watiT.  It  in  bibattic,  and  yieltla  chiylly  acid  salts,  which 
obtain<*il  by  truating  the  oorreM}>oudiug  awlatvet  with  barbiturit:  arid. 

Ijurbiiuriu  aoid  in  oonvortt^'d  by  fuming  uitric  at:id  into  dUituric 
by  puttwifium  iiitrntu  into  potassium  riulurale.     When  boih«<l  with  pol 
It  gives  uir  aiuumnin,  and  yii-ItU  thv  iKitasslum-salt  of    uialonie   ac\ 
C,U|0^  (p.  74i!),  ivheuco  it  appears  to  have  tha  ouiiatitulion  of  uu&loi 


Dibromobarbituric    acid,    C,H^r,N,0|  w 


^<z:^ 


CBr,.   is 


fornird  by  Ihe  action  of  broiuino  on  barl>itunc,  or  on  nitro-iiitxvso-,  or 
auiido-l>arbiturio  acid ;  abw,  togutlier  with  aUoxan,  by  ihu  action  of  bro- 
miuij  ou  tiydtiritic  aoid  : 

f^nHe^if^i  +  Brg  4-  H,0  =  C,n^\Br,0,  4-  C.H.N^O,  +  4UBr. 

It  cryataDizoa  in  colorU^a,  shluiiig  plated,  or  prinms,  solublu  in  wal 
very  lauliible  in  aloohot  and  t'tbor.  Ity  hj/drogen  nUphidt,  iu  prcst'uoe 
watvr,  it  is  reduced  to  dialuriu  acid  : 

CJl,N,Br,0,    4-    1^3    4-     H,0    =    C.H^NjO,    +    2irBr    4-     S. 

Wbt-n  "hlorine  or  bromine  a<'t8  upon  a  wanii  »r>lntton  of  dihromobarl 
turio  nuid,  corbim   dioxide  ts   tdiiuinnttsl   ami  t  r  i  broinacet  y  1  u  r«a, 

CO<^SH'^*^'^'^'"*  .    iH    prclured.      This  comixiund    melU   at   1-480 


proilured.      Thig  comj>onnfl    melts   at 
and  yields  bromoform  whi>n  buUud  with  watvr. 


AftiHobromolmrhiturir.  acid^  CJIaBrNjOj,  produced  by  tbft  acti< 
of  zino  or  a<iueous  bydrocyanioauld!  on  dibrnmubarbituric  acid,  forms  crj 
tals  sparingly  solublu  in  water. 

Nitrobarhituric  or  DUituric  acid,  VJiiCSO^)}^^,,  is  funoed 
the  action  of  fiiraiiifr  nitric  add  on  barbituric  acid,  or  of  ordinary  nitrio 
anid  on  hydurilie  aciil.  It  cryntallizefl  in  oolorbiss  square  prisms  coutain- 
injj  3H,o' soluble  in  water  with  yellow  color.  It  apiM'ars  to  U'  trib««io, 
but  iB  most  iuoliiHii  to  fnnn  saltH  containing  only  one  cquivabml  of  metal^ 
ItH  salts  an*  v.ry  stahbt,  nm«l  of  them  rvai^jting  the  action  of  mineral  aui< 
By  beating  with  bromine,  it  is  uouvertt^d  into  ilibromobar  bit  uric  acid. 

NitTogohorhiturif  or    Violuric  acid,  Ctn^CNO)^^^,  is  formed  bj 
the  action  of  nitrio  acid  of  ftp^cifle  gravity  1.2  on  hydurilie  aeid«  also 
that  of  jMtASsium  nUrit«  on   bnrbilurle  actd.     Th«  resulting  solution 
mix.**!  with  barium  rhlorido,  and  the  barium  aalt  thereby  precipitated 
dot-omiKwe*!  by  itnlpburio  acid. 

Vtolurie  arid  crystnlliaieii  in  yellow  rhombic  octnhedront  oontaining  oi 
mob'ciilo  of  Up,  moderately  soluble  In  water.      It  forms  blue,  violet,  01 
yellnwr   salts   containing  one   equivalent  of  metal.      The  i^otun^itiM  satt, 
C,iiaK(NO)N,0,  +  2H,0.  forms  dark  blue  prismfl.^isaolving  in  water  wi^ 


iterwi^^g 


THIONUKIO    ACID — PAUABANtC    ACID. 


violi't  coUir.     Till*  ttttlintH  »alt  is  dark    rml.     The  aolution  of  the  acid  i^ 
odlored  dark  blue  hy  I'errio  acctnte,  and  nn  mUiitig  aluohol  tn  thv  solutiun, 
a  ftTric  salt  la  prtn:ipit4iU>d  iu  six-sidtNl  l&iiiinje  liAviog  a  rod  eulor  and  ma»i 
lallia  luHtrt*.  ' 

Violuriu  aold  heatod  with  potuh-lye  is  rwolvod  iutu  urva  and  nitroBO- 
fflaloaic  aci<I : 

CtH,(NO)N,0,    +     2H,0     =     CONgH,    +     C,H,(NO)0^ . 

Amittiitinrbi  t  uric  ncid,  C^nj(Nn,)NjOj,  also  called  Uratnil,  Ztiatur- 
atniiU^  and  Murtxan^  Is  forut^d  by  the  action  of  hydri'tdlu  acid  nti  vioturio 
acid  lir  diliturio  acid,  ur  by  boiliug  a  suLulion  of  amiuunium  thionui-jiiu 
with  hydrot-hlorio  actd.  It  m  W^t^L  prcportid  by  boiling  alluxanlin  with  ai| 
a^UL-uus  solution  of  sal-aiuiuouiuv  : 


Alluxaatlo. 


+     NH,.HC1     =     C\H 


N,0. 


AlluftnD. 


+     HCl 


It  o-rystallizcs  in  cotoiiMS  needle's,  turning  red  on  exposnro  to  the  air, 
nearly  iuitoluhlo  in  ooM  water,  slightly  aoIiibI»  in  l)oiling  water,  uasily  in 
alkalies.  Thu  amuiouincal  solution  bvconu's  purptu  on  expoBuro  to  tho 
air,  and  yields  niuroxid  ou  boiling,  irramtl  is  docuuiposod  by  strong  mine 
acidf  with  formation  of  auimunium  nitrate  and  alloxan  : 

C\IUN,0,    4-     0     =     Nil,    +     C,U,NA. 

Heated  with  aqutfuuH /MffMfium  ryamife  it  is  converted  into  psendonrto 
acid  (p.  802):  CJI^NjOj  -f  CNUO  =  CjIl^N\0,.— By  Iho  action  of  mrr^ 
curie  or  aryailic  oxide  suspeiidtid  in  boiling  water,  it  is  convertod  into 
m  11  r  L<  X  i  d  . 

Thlonurio   Acid,  C,nA&^i  =  CO<^{{::[;[J>C<^//^^j.-Thi« 

acid,  whiuh  contains  the  eleiiifntif  of  alloxan,  anuaunia,  and  sulphurous 
oxide  (CjHjNjO,  +  NHj4- SO,),  is  formed,  as  an  ammoniuui-Hiilt,  wlieu  a 
oold  solution  of  alloxiui  is  Uiixed  with  a  snturat-ed  aqueous  solution  of  Bul- 
phuruiis  acid,  in  such  quantity  that  the  odor  of  the  gas  reiimius  quite  dis- 
tinet :  an  excesi]  of  ammonium  carbonate  mixed  witli  a  little  caustin  &m- 
muaia  \<i  then  a<hlcd,  ami  the  whule  Ujiled  for  a  few  minuti.^.  On  eoiiling, 
antfiMniuiit  th'umtirtUr  is  depoAited  in  cnInrU«s,  eryslalline  plates,  which,  by 
solution  in  water  and  rtwrystallixalion,  acquire  a  fine  pink  tint.  Ily  in- 
verting it  into  a  lead  salt,  and  dec<»tuposing  thu  latter  with  hydrogen  sul- 
phide, thionuric  acid  is  obtained  a.H  a  white  tryntallintf  mass,  vvry  soluble 
in  water.  When  its  solution  is  heated  to  the  tioiling  puiut,  it  is  resolved 
into  suljdi uric  aeid  and  uramil; 


H^SO^  +   c,n.N,o,. 


2.   Oxalic 


Farabanlo  Acid, 


ixmcs. 

NH— CO 


Ozalyl 


is  the  eharticteristic  prwhiet  of  the  action  of  mthlerntely  strong  nitric  ncid 
on  urlo  aeid  or  alloxan,  uiVA  the  nid  of  fteat;  fttrnnxl  also'from  the  same  sub- 
atanees  by  oxidation  with  manganese  diuxide  and  sulpburio  acid  : 

C^H.N.O,    +     II,     +     2II,0    =     C,H,X,0,    +     2C0,    -f     2X11,. 

It  is  wnvmiieutly  prepare*!  by  heating  1  part  of  uric  acid  with  S  parts  of 
nitric  aoid  liU  the  reaction  h<u  nearly  uead'.'d  ;  tlie  liquid  is  evaporated 
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:ed  to    ^y 


MUIVirRKIbKft. 


« tyrup  ubi  l«ft  to  cool ;  aad  Ui»  pmloct  dralaad  btm  ih«  suUier-li 
is  puriUdl  hf  rgHyytalUMtfai  Pv^husic  >ai1  fenoa  cdlorW 
ivDt,  Unn,  prinutie  cvTstek,  prfmanMit  in  t^  «lr :  it  l»  tiairilj-  MainU^la 
wfttrr,  has  a  pur«  And  poverfaitj  acid  ta«U>,  anj  mldefM  LiUniM  sirOMlj. 
Ktrutrmtiied  with  ammnaia,  tad  boiled  for  a  moaeBl,  il  jir^da  on  crau^ 
ei7«tal«of  theatmnoniaiiitaJt  of  oxalnrie  acid,  C',H,y^,,  frn— wiiMtf 
tlur  arid  maj  bn  aeparaUd  bjr  tulphuric  acid. 

Farafaanio  add  ii  blbaaic.   With  tli«  alkali  mvuis  it  forma  meauMneUilio 

aalU,  like  ^•"^-^'A"»*^'*Cvir_rr»  •  ^^^*^  •"  obtaiwd  m  crxstalUne 
precipitate*  on  adding  poiaaaiuiu-  or  ftodiam-«thTlat«  to  m  •olatloa  of  para- 
Ii«r.(«  acid  to  ahu>lat«  alcohol ;  wh«n  di&^ulviti  in  w&tcT,  tK«ae  salu 
ouiiTert«d  into  oxalnratca.     SiItct  uitntr,  added  u>  a  solntSon  of 
acM,  throwi  do«n  the  diarg«ntie  aalt,  C,A^x>*,Oj. 

P«rati&nia  atrid  boiled  with  dilate  acidic  is  resolved  Into  nreft  and 
acid.     In  prusezice  of  aikalita,  it  laktti  up  wat^^T,  and  is  cu3irert««l 
oaaluric  ac-id,  Cjfl^N^O^.     Bjr  the  attluu  of  sine  and  hydrochloric  acjr 
la  connrttMl  into  oxalaotin,  C,H4>',Oj  =  2C,H,>',0,— O. 


lU  an 

Lcid;^ 


Afttkyt-pambaiuc  acid, 
ereatinine. 


C,H(CU^N,0^   ii  obtained  hj  dcroompoaition  cf 


Dimrthyi-parabanic  add  or  ChoUatrvpfmme,  C,(CU^^,0^,  obtained  bjr  h 
ing  tliM  silver  salt  nf  pftral>anic  lu'td  with  luelhyl  iodide,  fonua  oilr 
lamiua;,  which  ea«iiv  mvlt  aiul  KUblime. 


Oxalurlo  Acid.  C,II,N,0,=.CO<'^.JJ 


M1_C0— CO,H 


1  theanali 


of  aUoxanie  acid,  is  formpd  hy  the  aotion  of  alkalieti  on  parabaiiio  aoid. 
Ila  etbyliu  etbur  iA  pruduc«d  hy  heating  urea  nith  chloroxalic  ether : 

'^^•^  -     +   co<^"- 


co<: 


NH, 


.\H,  ^  co,.c,n. 


=   nci 


III— CO-CO,.C,Hj 


1 

d. 


^ 


It  cryntalUi^s  in  sitkr  needles,  which  melt  with  docontpoaiUon  at  ISO'^ 

Oxaluric  Auid.  separated  from  ita  salts  hy  a  tninera]  acid.  Is  a  hvai 
cryittalliui;  puwUer.     Ita  aalts  are  sparingly  »ol\ibW.     Bt>il*^  with  WAte-r< 
alkaliHa,   it  ia  resolved  into  oxalic  acid  and  nroa.     Heat4'd   to  2tH)0 
(39:^  V.)  with  phoephoms  trichtondts  it  gives  up  wau^r,  and  is 
verted  into  parabaniu  acid. 

Oxaluramlde  or  Oxalan,  CjHjN.O,  — CO<jJ{J*^'^''^ 

is  fornifd,  ttigrthcr  with  diuhiric  auid,  on  adding  a  littlo  hrdroiiranic 
and  auimuuia  tu  an  aijueoiis  sulutiun  of  alloxan,  and  separata's  as  a  wl 
preolpitittt*,  while  th''  dialuric  acid  remains  dixiiolved.     It  is  abio  prodm 
by  hf'nthiK  amimmiuio  pnmbaiiatL'  (itu  isuiuerid**)  to  liiOO,  and  by  h^atii 
ethylnxaltirate  with  aimnonin.     it  im  uparing^ly  soluble  in  water,  and  is 
Holved  by  iKtiling  with  water,  into  oxalic  acid,  urea,  and  nmmonia. 


CO 


Allanturlc 

J<il— CHCOH) 


Acid   or    Ozyglyoolyl-urea,   ^^H^NgOi 
,  formal  by  heating  allantoin  with  baryta-water 


•Nil— io 
dtoxi<le  of  Ir^ad,  is  a  deliquesnmi  mass,  tbn  aqueous  solution  of  which 
piv*'»  whitr  prcoipilntt'fi  with  silver  or  h*nd  snltH.     When   Ixiihrd  with    h. 
ryta.  it  yicNin  hydniitiiu'  and  paralmnic  aeids,  llie  latter  further  spllttli 
Dp  into  oxaJuric  acid  and  urea  (ur  CO,  and  ^  ~ 


HYDANTOIK    OR   OLTCOLYL- UREA. 
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Buccinurio  Add,  CflHgNjO,,  is  produced  by  healing  urea  to  12(A-l3CO 
C.  (a4!s-:iGii'^  !•'.>  with  uuet'iuic  auhjdridu.  It  fnrnw  Abiiiing  iic&lefl,  melt- 
ing ttith  dwcomiweijliou  at  2*t3CuiX'oO  C.  (397.4Ct-l01'^  K.>. 

Hydantoln  or  Olyoolyl-nrea,  ^*»"*^»^i  ■"  *^*^<jjii_|;h 
is  formed  synthetically  by  heating  bromacetyl-urea,  with  aleohoUo  am- 
monia : 

It  is  also  produoed  by  the  action  of  hydriodio  acid  on  alUutotn : 

or  on  nlloxanic  acid : 

NH— CO^-CO— CO,H    ...  „^      .     „^     .     ^,.   ^NH— CO 


CO 


+    H. 


CO.  +  n.o  +  co<^^^^ , 


Hydantoln  forma  needlf-shapcHl  eryslulfi,  liaviug  a  faint  sweet  taste,  and 
melting  at  autP  C.  (^4irl.bP  1*'.).  Wht-ii  boiled  with  baryta-water,  it  Ukod 
up  water  and  is  cuiiverted  iutu  hyilaiiluic  ai-id. 

-NH 1*0 

Jkfethtfl-hj/dantoint  ^'^^^vz-i-u  \     ^'-ir    '^  obtained   by  prolonged 


heating  of  creatinine  (9.  r.)  to  KHP  with  baryta-water  ;  alito  by  fagiug  urea 
with  (tarct)tiiue  (motltyl-glyeociue)  : 

CO<^;[J-  H-   CH,<^*.>  rn     =   NIT,   -h    H,0   +   C0<:^"  |^*^  . 

It  forms  crystsU  easily  solablo  In  water  and  in  alcolu.l,  melta  at  1450  C. 
(293^  F.)i  fi'id  Hublimies  in  aliiuiug  needles.  Boiled  witii  oxide  of  mercury 
or  silver  it  yields  metallic  derivatives* 

Laotyl-iirea,  C0<^  I  ,  metamerio  with  methyl-hydan- 

toin,  is  formed,  t*>gether  with  alanine,  when  the  jwlaaaium  cyaniHe  naed 
in  the  preparation  of  ihe  Utter  frtim  nldebyilu-ammdiiia  (p.  792)  c^mtaina 
eyanate,  It  furnts  efflorescent  rhombio  L-ryslals,  «mtaining  C,II,N,0,+ 
11,0  ;  Mielti*  at  I  +  K--  C.  (284^^  F.).  andsublimt^s  with  partial  decomposition. 
hy   boiling   with    baryta-water   it   is   oonreried  into   lacturic   acid, 

NU— <U— CH- 
C0<  I  ,  metamerio  with  methyl-hydant<^o  acid,  whioh  melts 

at  1550  0.  (3110F.). 

Nil CO  ,,,,., 

Ethyl'hifHantotn^  Q0<^  1,      ,  produixwi  in  lilce  manner  by 

?i(rjHj)— <_  H, 

niplting  urea  with  othyl-glycooino,  iryi^tailixes  in  larg«,  flat  prisms,  easily 
soluble  in  water  aud  aleobol,  melting  at  alxiut  1000.  and  eiutily  Htibtiming. 

The  nietameric  oomponnd,  acetonyl  -  urea,  00<^;.jj_p[j      *^''  , 

formed  by  henting  a  mixture  of  acetone  and  potassium  oynnide  containing 
ovanate  with  fnmtng  hydr<K'hloric  acid,  erystallizes  in  prisms,  melting  at 
1*750  C.  {M1^  F.).     By  boiling  with  baryta-water  it  is  converted  into  ace- 
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DIUBEIDES* 


Hy£antolo   or   Olycolnrio  Acid,   CjH^N^Oy  ^ 

C<.><^^-u  *  *    ,  is  produced  bjr  bulling  alUatoui,  h/dAUtain, 

glycolurii  with  baiTta-irat^T,  and  sjriith*-'tiL*a)l^  by  heating  gljgpciii« 
ur«a  (or  by  boillug  iU  Bolutiuu  with  baryta- water)  : 

<^<y^  +  CH.<?o>  =  NH.  +  co<^:»;-c«>-«^«  = 

aUo  by  heating  glycocint?  sulphate  with  potassiam  cranat« : 

Bydantolo  acid  fonna  targe  rhombic  prisms  solable  in  water.  It  te  mono- 
basic, aud  moat  of  its  salt«  are  eaaily  soluble.  By  heating  with  hydriodic 
ac'id  it  iM  convtirttMl  into  gly<-ocine: 


Diureide$. 

The  bwt  known  comjK»und«  of  thiti  class  contain  4,  5,  6,  or  8  at/tnui  of 
carlNjn.  Tiiu  4-  and  &-imrlfon  diiinridos  (iududiug  urio  acid  iU»elO  an* 
fiiniiod  by  tbo  union  of  uiii'  iuoIpcuIp  of  a  bibaj^ic  acid  and  2  moltTult-s  of 
uruu,  with  oliininution  of  4  moltwules  of  water,  and  accordingly  couiaiii 

one  diatomic  acid-residue  aud  two  urea-rue idues,  ^^vn  • 

Uric    Acid,  CjH.NjO,,  as  already  observed,  may  be  regariled  as  the 
diuruido  vf  tartruuic  acid,  aud  at.*cordiugly  repre»ent«d  by  the  funuula  : 


H 


CHCOilxJJ 


'O— OI! 

•<>— Oil 
Tartroalfl  aelU. 


2c*^<Nii;  -  ^«*^ 


Ures. 


iBO-arlo  Add,   ^AiiiNjO,,  Is  formed  by  the  action  of  <'yanaiuid(«  o 
alloxaiitiii  in   a<iuenua  iiolution,  and  arparaUts  on  boiling  in  tho  form  of  a 
heavy  powder.     Ita  conatitatioa  may  perhaps  be  represented  by  the  form- 
ula: 


C0<^ 


^1I=^>CH-N 


(rrwH. 


Pseado-urlo  Aoid,  <--jH,N^O,. — The  potussium  salt  of  this  acid  is  o1 
lahiod  as  a  yellow  t-ryiitaUinu  ])Owdrr  by  ).K>iling  urauiil  witli  a  strong  so- 
lution uf    |K)taHHiiim    i-ynnntH.       Tlie   froe  aoid    forms    pnlorl«'«s    crystals, 
sUgiitly  soluble  in  water.     Its  structure  and  formation  may  be  represcutod 
as  follows  : 

CO<jJ{{:i^f)>CH.NH,    4-     CONH 


Uranill. 


co<s{]z::^cH/^ 


Oyanio  aoiiL 


pAeutlO'Urle  aoid. 


Pfteado-thlomio  Acid«  C^H^N/l^S,  i^  forme'l  by  heating  alloxan  and 
UihM^iu'buuUiio  with  a  ouucuiitiated  alcoholic  solution  of  sulphur  dioxide: 


C0<^. 


+ 


^;ili5^cn/s[i;>c3 


0. 


It  formft  thin  white  needles,  insoluble  in  water,  bat  soluble  in  adds. 

Uroxanlo  Aoldt  C^HgN^O,,  and  Oxonlo  Aold,  C|H^N|0,.— « 

These  auids  aru  fonuetl  b/  gra^iuai  oxiiialion  of  urio  acid  in  alkaltnv  solu- 
tion. A  solution  of  urin  acid  in  jHitaah  Irft  for  some  liuit*  in  an  open  vt-s- 
8(d  deposits  shining  lauiinie  of  potassium  uroxanate,  C^H«K.jN/-\-{-  ')II,0, 
from  wliioh  the  fren  acid  uiay  be  sejULrAted.  by  hydrochloric  acid  in  the  form 
of  a  erystalUue  i>owd<-r,  which  dissolves  in  hot  water,  but  dfcouiput^es  at 
tbo  same  timp,  with  soparation  of  oarbon  dioxide.  Its  formation  is  repre- 
sented by  the  equation  : 


C.H,N,0,    + 


-I-    0    =    C.HjN^O,. 


PotOHsinm  urnxanat«,  at  tht*  moment  of  Hn  formation,  is  partly  convrrted, 
by  svparnliou  of  CO,  and  NII3,  into  potassium  oxonate,  (^'iH^K^NiO^i 
which  1^  also  fonm<d  by  pasRiii^  a  stream  of  air  through  a  solution  of  uric 
arid  in  ]>otash  till  nil  tlio  uric  acid  is  oxidizttd.  This  salt  forrus  radiate 
j;roups  of  rrystais,  contaJuiiiK  I J  uiol.  H,<>.  Acetic  acid  added  to  fts  dilute 
solution  throws  down  tlitt  potassium  salt  of  allanturic  avid,  or  oxygly- 

<NH— t'HOH 
I 
NH— CO 

Allantoin,  CJI^N/lj. — This  snlwtam.'e,  which  <>ontftins  the  ole- 
niL'nts  of  '1  molfcult.-s  uf  arniuonium  oxalato  niiuns  h  molecnlos  of  water 
[2C,(NH4),0|  —  6H,0],  in  found  in  the  allantnio  liquid  of  the  fa*tal  calf 
and  in  the  urine  of  llio  sucking  ralf.  It  i<(  priMluocd  artiHrinlly,  to^etllf^ 
with  oxalic  acid  and  urea,  by  l>oiling  urio  acid  with  load  diuxidu  and  water : 

2C»U,N,0,    +    O,    +    &U,0    =    t\H,.\,0.    +    2C,H,0,    4-    2CH,N,0,. 

The  liquid  flltt-rod  from  Iea<i  oxalate,  and  conwntrati^I  by  pvaporation, 
depoi^its,  on  cooling,  crystals  of  allunt'iTu,  which  are  purified  by  re-sotution 
and  the  use  of  animal  chariual.  Tim  mothpr-liqunr,  when  further  con* 
ccntraled,  yields  crystals  nf  pure  arm.  Allanloiii  forms  amnll  but  briliant 
prisuiallc  crystals,  traiutparenl,  c^dorless,  tasti'h.'S.s,  and  without  action 
on  vegetable  colors.  It  dissulvi*s  in  100  parts  of  cold  water,  and  in  a 
smaller  quantity  at  the  lH)iling  heat.  It  is  decomposed  by  t>oiling  with 
nitric  acid,  and  by  oil  of  vitriol  when  comx^nt rated  and  hot,  into  ammonia, 
carlmu  dioxide,  and  carbcm  monoxide.  Heated  with  concentrated  sola* 
tions  of  caustic  alkalies,  it  is  deGompos(>d  into  amnmnia  and  oxalic  acid. 

Its  strncturc  may,  porhapn,  \tf  represented  by  the  formula 


^.  ^NH— CO ^  ^  ^NH  • 


Olycolnrll,     CjH,X,0,,    probably 


■NH— CO-"        ^NH 

formtMl  by  tlie  action  of  sodinrn  amalgam  on  a1Iiint*>Tn.  and  Sf^parates  in 
01  loluNlrnl  crystals,  sparingly  soluble  in  wal^r.  iiHKhral.dy  Kolubb*  in  am- 
lonia  and  in  i><mei'n(rftl.'.l  ai  iil«.     Ammoniacal  silver  nitrate  forms  in  its 


^^monia  and  11 


titt^ 
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solutions  a  yellow  pr(M:ipitat^  having  the  compoflitiun  C^U,Ag^*,0,.  By 
boiling  with  barylA-vratur,  it  it*  reaolvpd  into  urea  and  hyd&ntoic  acid,  and 
by  boiling  with  aoids  it  in  converted  iuto  hydantoliu. 


Dinrdides  containing  6  and  8  atoms  of  carbon  are  formed  by  the  al 
of  2  tnoaureide  inoleoul<:«,  with  elixoixiatiou  of  wat«r. 

Alloxantin,  C^H^N^Of,  is  formed  on  mixing  the  aqaeons  aolutjons 

of  alloxan  and  diaiuric  acid  : 


AUOXAO. 

NH- 


-h  cH.on<[:^j5;|>co  = 


Ulalurlo  acid. 


c»<ss=^'>c-c<j:^->co  + 

Aloxaotln. 


11,0. 


It  is  the  chief  pnxluct  of  the  action  of  hot  dllnto  nitric  acid  upon  uric 
acid,  and  is  likow-ise  pntduood  by  the  action  of  deoxidising  a^ent«  u|hio 
alloxan — anIiydrouH  alloxaDtiu,  iu  fact,  containing  1  atom  of  oxygen  l«as 
than  2  ujoltiL-uWK  of  alloxan.  It  \a  best  prepared  by  pnbsing  sulphuretted 
hydr*>g»^n  gas  through  a  mwlerately  strong  and  o<»ld  itolntion  of  alloxan. 
Tlur  m»ther-U^|iior  from  whioh  the  crystala  of  alloxan  have  neparated 
auKwt^n  the  purjjose  perfeirtly  well  ;  it  i8  dilut«>d  with  a  little  water,  and 
a  copious  stream  of  gaa  transmitted  Ihrongh  it.  .^iilphnr  is  thf^n  deiMisilM 
in  large  quantity,  mixvfl  with  a  white,  cryr'tftlllne  Hiilrntnuce,  whioh  is  thrt 
alloxiintii).  The  product  is  drnine<l  upcpn  a  lllLer,  ^ligl)tly  wh^IiihI.  and 
ihiin  lH>iled  in  water:  the  filtered  solution  dejuisit.s  the  alloxantln  ou  cool- 
ing. .Alloxantin  forms  umall,  four-Hidml,  oblique  rhombic  prisms,  oolor- 
h^s  and  transparent ;  it  dissolri'^  with  ditheulty  in  ctild  water,  but  mor« 
frwly  at  the  boiling  beat.  Tlie  solution  reddens  litmus,  gives  with  baryta- 
water  a  violet-colored  precipitate,  which  liiMapjH'urs  on  heating,  and  when 
niix^  with  silver  nitrate  prtMiuces  a  Mack  preripitale  of  metallio  silver. 
Heat4>'l  with  chlorine  or  nitric  acid,  it  is  nxidixtHl  to  alloxan.  The  crystals 
bewiMM*  ri!d  when  exposed  to  ammoniacal  vapors.  They  contain  3  mol. 
UjO,  which  they  do  not  give  off  till  heal.'rl  RlK>ve  IbVO  C.  (3<l*^  F.)- 

Alloxautin  Is  readily  decomposed  ;  when  a  strenm  uf  sulphuretted  hy- 
dmgen  is  passed  through  its  boiling  solution,  sulphur  is  (lei>ositcd  and 
dialnric  acid  is  produced.  A  hot  saturated  solnticm  of  alloxantiu  mixed 
with  a  neutral  salt  of  ammonia  instantly  assumes  a  purple  color,  which, 
however,  quiekly  vanishes,  the  liquid  becoming  turbid  from  formation  of 
nramil:  the  solution  then  contains  alloxan  and  free  acid.  With  silver 
oxide,  alloxantin  gives  off  carlwn  dioxide,  reduces  a  portion  of  the  metal, 
and  wmvertft  the  remainder  of  the  oxido  into  nxalurate.  Boiled  with 
water  and  lea^l  dioxide,  it  gives  off  urea  and  lead  carltonate. 

HydTiriHo  Aold,  <\H*N/V — Diaiuric  acid,  heated  to  about  lOOO 
C.  (:V2H^  K.)  with  glycerin  (which  acts  merely  n»  a  solvent),  splits  up  into 
formic  acid,  carlxm  rlioxide,  and  ammonium    hydurilste  : — 


ac.n.NA 


CH,0,    +     3C0,    -f    2C,H.N,(Nn,)0, 


By  converting  this  ammonium-salt  into  a  copper-salt,  and  decomposing  the 
latter  with  Hfi,  hydurilio  acid  is  obtained  In  crystals. 


PUAPVUIC    ACID — OXALANTIN.  8 

Hydurilio  actd  la  converted  hy  fuming  nilr!u  Acid  into  aUoxan,  wiUi- 
out  &ny  othnr  product ;  but  with  iiitrio  acid  of  ordinary  Btreu^h  it  yields 
allnKan,  togotliur  with  violuria  acid,  viuLantia,  uiid  diliturio 
acid  : 


UyOurlUe 
AC  id. 

HydurlUo 
aold. 


Vioiurlo 


4-  2N0,H 


Add. 

CJI,NA 
Uitlturlo 

setd. 


AllOXAQ. 

Alloxiui. 


+    H/) 


+    NOjH    -f    H,0 


If  till'  action  be  carried  on  to  tbp  «nd,  dilllnrio  acid  Is  the  only  pr<:MluGt. 
Tliifl  acid  niny  indo';d  he  rt*gardod  as  a  priiduct  of  tli«  oxidAtion  of  vinlurio 
odd :  C^NiH^Oj  ^  C^N^UiO^  -f  ^  •  i^*^  vioUniin  as  a  coiupuuud  of  the 
two. 

PTlTparlo  Aoid,  CpHjNijO^,  in  not  known  in  the  free  slatp;  itH  am- 
muuium  salt,  CgHj(NH^)N5*>5,  constitutes  uitirexid.  This  Halt  contains 
the  eluinents  of  twu  moietiutvH  uf  orauiil  minus  two  Atonu  of  hydrogen  : 

NH 

Purpuric  acid. 

It  ia  formed  by  mixing  thu  ammoniacal  solutions  of  alloxan  and  umm1 

(\H,>V),     +     CJI^NjO,     f     NH,     =     n,0     -f     t\il,(NH.)\0, 

and  is  l»«t  jircparrd  by  Imiling  for  a  few  minutoa  a  mixture  of  1  part  of 
dry  urauiil,  1  fiart  of  mercuric  oxide,  and  40  par  tit  of  water  rendered 
■lightly  alkaline  by  ainzaonia: 

2C,UsNA    +    O    =    H,0    +    c.n,N,o,. 

Another  metliod  is  that  of  Dr.  firft^ry  :  7  parts  of  allnxan  And  4  parts  of 
alloxanlin  are  dissolved  in  240  parts  of  btfilin>;  water,  and  the  stdution  is 
uddiil  to  uliuut  80  p:irl9  of  cold  strong  snlutlon  of  niuiiinniuiu  eurlKinnte: 
the  li'juid  instantly  acttuire-it  Huch  a  depth  of  oolor  as  to  beumio  opaque. 
And  givtfs  on  cooling  a  large  quantity  uf  murexid :  the  operation  suvceL*<U 
Xmni  uu  a  small  scale. 

Murexid*  crystAlliaea  with  1  molecalo  n«0  in  small  squarf  plati's  or 
prisms,  which  by  reHecteiL  light  exhibit  a  splendid  green  mt'tallio  lustre, 
lilte  that  of  thd  wing-caj^is*  of  the  ruse-beetle  and  olher  Jnsecls :  by  trans- 
milted  light  they  are  deep  purjde-red.  It  dissolves  with  difficulty  in  fold 
water,  much  more  easily  at  the  boiling  heat,  but  it^  insoluble  in  alcohol 
and  ether.  Mineral  acids  decomposti  it,  with  separatinn  of  a  white  or 
yellowish  fiultwtttncH  cnlled  mnrexan,  probably  identienl  with  uramil. 
Ciiifttic  pitai>>h  disftolves  it,  with  prodaution  of  a  magnificent  purple  color, 
whioh  dinnppearH  on  boiling;. 

A  few  years  ago  murexid  was  extensively  nsod  in  dyeing  ;  but  it  is  now 

A  great  extent  anperseded  by  ronaniline. 


Ozalantln,    r^n^NjO^,  also  cAlled  letiroturie  add,  is  formed  by  tho 

Action  of  xiiie  and  hydroehloric  acid  on  parflhjinic  arid  : 

*  8n  onlled  from  the  Tyrlnn  dye,  tald  to  liave  been  prepared  frota  a  ip 
68 


Mm 


AMIOK0  OV    MALrO    AOXD. 


pAnWfeic 


-»-     H,    - 


OulftBtU. 


CO— jru^ 


t(  fonm  tnuill  crrvUls  sllghtl/  loliihlc  in  wAU*r,  and  ndnc^  si^mbI^ 
caI  soloUoiu  of  mercttiy  and  silver. 


[•Kr&- 


AlUtoilo  Acid,  C.H^N.O,,  te  forawd,  together  wiUi  alloxAn  an- 
bmic  add,  I17  boUing  aUiixmiitin  witli  lirdroclilorie  Acid.      It 
UU  tpmrint.\j  soioUe  io  wat^r,  and  when  bnatrtl  ftiih  vAifT  K    _ 
C.  (3Ma-37*>  F.)t  *«  riraolTcd  into  oxaUe  acid,  carbon  dMixUe  atni  uwu- 
oxldci,  and  ammonia. 

K«a|iectiny  basic  cnmpnnnd«,  nnlural  aiid  artillrUl,  r«l«led  to  Um  anidot 
hy  ibair  eom|K»itiou  and  reaotions,  bm  Alkaiaius. 


k 


AHIDBS  DBRiriD    FSOH    TKIATOV 
TBTRATOHIC    ACIDS. 


X  Asa 


Ovr lEnowI(*df;«  of  these  amidns  U  Kunevliiit  limited:   we  aKall 
#ut/  1hi««t*  derived  frotit  mftltr,  tartaric,  and  diric  acids : 


1.  AnUdM  of  MaUo  Acid. 

MaUfl  add,  CO,H-CH,-CH0n— CO,H,  or  C,H,(OH)<^J]»g  .  wJUch  is 
«lul  bibasic,  is  capable  of  yielding  five  amiden,  rix. : 


MaUmlo  acid. 
MftUmMe. 


CO.OH 

Aipartic  add. 

Aiparagia. 

TrUmlilv  (unkoowa). 
»<■  srii/  Id  not  known  in  tho  free  statp,  bnl  ite  othylic  ether^f 
i\ll«(^^U)<^-^^'|^^.  ^   ,  is  f<r»nued  as  a  crvstaUinu  mass  wbea 
H  fttft  la  fnftanl  Into  an  alcoholic  lolation  of  diethjifc  malate : 

\'0,.  isrtmfric  with  malnmic  acid,  is  related  t" 

tUi'  camo  inaTin(>r  as  glycocino  to  plyoollic  and 

luav  a»H?«»r<lin^l_v  bo  n'^ardetl  ns  aiuidusucciuio 

U»!ii<«.  and   is   prttdiir^d   bj  rarious  ri'^ctious 

U   i:«   {tn-pnrtsl   by  boilini;   a^parni^in  ivilh. 

'*-..**   «tnftll    rhombic   priBrnfl,  moderalHlyJ 

L.*iiuusi>lution8  turn  tbo  plana  uf  puUriaat 


AMrDES    OF   TARTARIC   AGIO. 


SOT 


to  thn  1t*ft;  add  Bnlntions  to  the  rtglil.  Ijko  ollit^r  Aniidr>-ai;ida,  it  unitrtt 
Uith  with  tkoUia  *nd  witU  alknliea  ;  with  thu  i&ttvr  it  funuB  butU  acid  &iid 
uoutraL  salts  ;  e.  g,, 

C,H,(Nno<[;[J|^g  i   C,H.(NH,)<<;^'f^8;   C.U.(NU,)<{;Sp»B.. 

By  tin*  action  of  nitrons  ncid  it  is  converts!  into  malic  acid. 

Au  inaotivti  upartic  aoid  is  obtaiuvd  hy  Ueatiu};  runiarutiide  with  w&lcr : 

It  rrjstanixi^a  in  larpH  monocliniir  prinms.  Bottiewhat  niort!  8olu)'l>«  in  wa(»T 
than  the  opticftU/  aolivu  acid.  By  nitrous  acid  it  ia  converti'd  intu  iuiiO' 
tivu  malic  auid. 

Maiamide^  CJ^nVfi^,  is  produced  by  the  aoilon  of  ammonia  in  cxgc» 

on  dry  ditithylio  malate  : 

It  fnrmji  large  crystals,  and  when  huatcd  with  water  is  rt»olred  into  am- 
monia and  maliu  acnd. 

AsparaffiH,   t',IIj(NH,)^J^..  *-.,.'   ,  iKompric  witli  mnlnniido,  occurs  in 

ntimtTuus  plantH.  ns  .tajmrngiis,  mursh  nmlluw,  niaiignld-wiirzL'l,  peas, 
hfvinn,  Ti'tt'htis,  and  ct<ri'al  jiruwrs,  cjnifdaliy  in  the  young  sprouts.  It 
rnay  bo  prepared  from  lunriih  mallow  roots  by  chopping  iht-m  small*  niACO- 
rntiii>r  thuui  in  tht*  4*o)d  with  milk  uf  limt<,  prccipitnting  the  filtcnHl  liquid 
with  Iparitim  cflrbiualf,  and  evaporating  thi' ch-ar  solution  over  the  wntcr- 
Imth  to  ,1  syrup.  Thti  a-^parapin  then  cryslalliz**  on  cooling  In  shining 
IrauHjian-nt  rhomljio  prisriui,  which  have  a  faint  codling  tast<',  and  nie 
mutlcrately  i^olublti  in  hot  water,  insoluble  io  alcohol  and  in  ether.  Tlio 
cryHtaU  ouulaln  oo«  utoltioule  of  water,  whereas  those  of  zualamides  are 
auhydn>u8. 

Aapara<;in  and  mnlamido  differ  aliKi  in  their  action  on  polarized  light, 
malauiidu  having  a  !t|K*oliIo  rotatory  power  of  — 47.5'-',  whereas  that  of 
asparagin  in  an  ati.l  :«olutioii  ia  -+-  'iCfi^  and  in  an  unmioniaral  solution — 11° 
18'.  Lastly.  lualamide,  whi*n  treattni  with  alkalies,  h  retiulvi^l,  as  already 
oMerved,  into  ammonia  and  malic  aoid,  whert^aa  osparngin  yields  animtmia 
and  aspartio  acid. 

Aspitragin  rurxfLt  Halls  both  with  acids  ami  with  baees. 

By  fernu.iutatiim  in  contact  with  albuminouH  Bulititanc<>fl,  asparagin  is 
converted  into  nnimonlumsuc^^inate.  B3' oxidation  with  potaet-ium  (>erniun- 
ganate  it  yields  ammonium  formate,  hydrocyanic  acid,  and  carljon  dioxide : 

C.HgNjO,    -I-    O,    =    CHOj.NHi    -f-     ^'NU    +     2C0,    +     H,0 . 

In  prpitence  of  Bolphoric  acid  the  oxidation  takoti  place  according  to  the 
•quatioD : 

C,II,N,0,     4-     O,    =     2NH,    +     4C0,    +     11,0  ; 
in  pnsonco  of  {wtosh  the  products  are  ammonia  and  oxalic  acid  : 
CJl^NjOj    -I-    O,    4-    4KI10    =    2NH,    -f     2C,0,K,    -f-    3R,0 . 

2.  Amides   of   Tartaric   Acid. —  Tarlramtc    Acid,    C(HtN0^=3 
C,H,(0[I},<j:^p'qu'  t  is  obtained  as  an  ammonium-salt  by  the  action  of 
tmonla  on  tartaric  anhydride.  CiH^O^. 
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£VAy  tafiramaie^  Tartmmic  elA«rr,  or  TartramttJiMU,  ia  ohlalned  hy  tha 
action  of  &loi>holic  atuuinuia  on  diHhylie  tartrate.  When  caatimisl^ 
li<>3lf«l  with  &lktUi««,  it  ylfldn  tartrauiio  tn:id.  Auiiuoma  uouTuHi*  it  iutxi 
inrtriLiiiiilM. 


action  of  anmionia  on  diethrUo  tartrate,  ia  a  orytiialllue  8u1wtanw,  tfae 
6iilationof  whiuli  tfxhilntu  dcxtro- or  Uvo- rotation  according  to  the 
of  tartaric  acid  from  which  it  htm  been  prt!]>artid. 


Tartramiiie,   C^U.N,n,  =  C,li,(OH),<^;||^{|» ,  fhnnod  alau  hy  the 

•,  the 

3.  CitrazzLlde,  C.H„N,<\  =  C,H,(OU)(CO.NU,)„  obtained  by  theaction 
of  alt-tiholiu  ammonia  oil  ethyl  or  luethjl  citrate,  ii  a  crybtallino  sabatADoe 
alif^htly  ttolubUt  in  water. 

Citraiiiic  aciil  an<l  oitrimidt*  are  not  known,  but  phenylic  deHvatlvea  uf 
tht»e  umiduA  barti  been  obtained 


I 


Benzena-DerlvativeB,  or  Aromatic  O-ron 


The  h ydrorarbons,  * '^H  ,^_^,  viz.,  bnn  xen  e  and  its  honiologu 
gi'lhcT  with  th"  aloohoh,  ai-itU,  and  bamtA  derived  from  Ihera,  f*)rm  a  group 
rexiMiiblin};  th«>  fatty  Ix^lipD  in  many  of  tlieir  chumit-ul  n.'lutionii,  but  nurer- 
thcli-^H  exhiliitiii>;  decided  ptTouliuritiMg,  which  mark  thrm  aii  a  natural 
family.  TUi:y  aru  iiallud  aromatic^  on  account  of  thi*  jiueuliar  and  fragrant 
odum  prjHKCKfiud  by  aomn  of  them,  t'jtpeL-iall^'  by  cortaiu  dcrivativce  uf  ban- 
xene^  anch  aa  lK<nxoic  acid,  bitter  ahikond  oil,  etc. 

Intimattily  ndatfd  to  th»«o  Uniititj  art*  certain  tither  hydnH-arlKiutf  with 
thuir  derivativt^a,  uontainiit);  proportionally  itmaller  numbiim  of  hydrugen- 
atoiuri,  nam*)ly  :  uinnamonc  C',H„,  naph  Iha  U*  nn  C^^ll^,  antbra- 
otuiti  Cjfilio,  pyronu  l',«ll,g,  and  chrysenu  C,^lli]  •  ^^^'^  ^^**'  tt*r- 
pf.ur'ti,  ('„H|4,  whirh  i-ontain  a  larger  number  of  hydrogeu-atoma 
bviu«n«  and  ita  Uotuologucs. 


HYDROCARBONS.  C.H,,^. 

TliiH  iti  th«  principal  nerioa  of  the  aromatic  group,  analopons  to  the  paraffin 
Berlins  in  tho  fatly  (cronp.  The  known  hydrocarbons  belonging  to  it  ar« 
repreaenled  by  the  formnlto, 

C«U,.  C,ll,.  C,H„.  C,H„,  C,oH„.  C„H,.,  C„Hi„  C„H«  . 

Tin*  Br«tiH  called  beniene;  thenerimd.  tolnene;*  the  olhent  admit 
of  iKoiii.TJr  moiiifii.ationH.  (be  names  of  which  will  be  given  herenftiT. 
Many  •>f  th.-se  liydror.arlK»n»  are  fonnd  in  the  lighter  y»art  of  the  oil  or 
naphlhn  obtaineil  by  the  d*«trneiive  diAillbUion  of  coal,  and  may  be  aepa- 
rated  from  one  another  by  frairtional  di^^iillation. 

These  hydrotiarltons  m'ii^ht  be  rej^arded  it»  dnrir.'d  from  the  parafflnn  by 
aWtra.'ltun  of  H  nioms  of  hyiiroiren  (/■.,7..  C,H,  =  C.H„  —  II,),  or  from 
the  olertm's  liy  abstraction  of  tt  atoms  of  hydrogen,  etc.,  and  aooi>rdingIx 

•  Frefjuently  rUo  hrnio/,  toluol,  effl.  :  hut  It  In  not  deilr«h1e  to  apply  the  laiDa 
terminntioo  to  /j}Urociirlioas  nnU  their  aUohollc  OcriratlTei. 


BTUB.OCABB0N8,   C.U, 
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tlicy  might  bti  exptM;t(fd  to  act  as  octovaleiit,  !t«xvaleut,  qnodrivalent,  or 
bivalent  railirli*!* ;  and,  iu  fact,  bcuzviiK  diKiA  form  ilcriuitv  ciitu[K)UudH 
with  ti  aitMiis  of  chlorine  and  of  bromiut;.  Hut  in  nt-Ariy  all  Luam  th«  aro~ 
mntio  h.vdrncarboiiii  n^actas  Haturalvd  molvi>uKn»,  like  iho  parafllii^,  yiutd- 
iiig,  wht*u  treato<l  with  chloriiio,  hromixie,  or  nitric  acid,  nut  additivu  com- 
IxiuiKts,  l)ut  tintwtitution-producti). 

hcnzf'iii'  tuny  Lhi  ri'prt.'svuted  ait  a  BattLrati>d  mulecule  by  tbv  following 
rontttitiilfimal  roriuiiln,  in  which  tho  enrUm-atuma  are  united  togethiT  bjr 
ono  or  two  combiuiug  units  alternately  : — 


y-/ 


The  other  hydrocarbons  of  the  series  may  be  derired  from  It  by  bdccm- 
u\rv  MilditioiiB  of  Cli,,  or  by  Hubsliliitiun  of  iiivtbyl,  CUg,  iu  tUtr  plai;«  uf 
01141  or  mort)  of  tin*  liyilrogrn-atoins  ;  thuH  : 

C,  II,  s>  CjljCCH,)  MfthyI-b«nienG. 

Cg  H„  =  C',I1,(CH,),  Diint.thyl.I>en»<'ne, 

C,  H,j  ^  C'4H,<CU,),  Tritni!tliyl-boiiiene. 

C'„li,j  =  I'tHjCCH,},  Tt*trami*tliyl-beaa*3ne. 

Fiirlhnr,  a  hydrocarbon  iftotn»'rit  with  clinictliyl-benr-ent*  may  \te  fonutnl 
by  tilt}  aubtttitution  of  othyl,  (-'^F!^,  for  I  atom  of  lo'ilrugon  in  Ix-'uxcno, 
vix.,  cthyl-lH-uzune,  CfH^CC^H^);  in  likt:  maiiutr  niethylH>lhyl-UMU(Mic, 
C,H/L'H,)(('jHj),  and  propyl-ln-njicnd,  <^,H,((',H,),  ar«  isomerir  with  Irl- 
muthyl-lH'nz4*nc  ;  dit-thyl-ltenn^ne  with  tetra-mctliyl-lM'nieni-',  etc.  dr.  It 
U  oaay  to  Boe  that  in  thisi  inaniii^r  a  largo  nmnlH-r  of  isomtfrii;  b(Mlic«  may 
exiflt  ID  the  highor  tornut  of  the  sericit.  The  structun*  of  thest:  iaomvrio 
hydrocarbons  may  b«  illustrated  by  the  following  figures  :>- 


""> 


/ 


~CBi 


-Oft 


Metbf  1-trnzeDc, 


Dlmethjrt-brnKDe. 


Etbyl-beoieoa. 


Trlmethyl  tirntvne.       Mrthyt-ethyUhmtPDe. 


propyl  ■Tirn«ni*. 


In  tbwto  homnlonucsnf  bcnK'nn,  ihpfliKcnrbon-atomM  Ih'lonirinp  tothi-lt**!)- 
sene  itsi^lf  are  snjd  to  form  tho  benzene -ring,  bi-naono-nxirlena, 
or  principal   chain,  whiltj  the*  i;mups  CH„  CH,CH„  etc.,  joim>d  on  to 

6f** 


tlif***  rAf>i<m  rt— ■  anMllkA  lftt«ral  ahAins.  The  «b«BuaA]  fffVpT* 
tic*  of  wi  ftnmxfttfe  fcj<ii  wmKii  differ  onuklevmbljr  meeordiar  lo  the  bkb- 
"      «f  Ut«  •  !    it  ouat&in*. 

Til*  l»j  hyaroKeiKtow*  In  Um  pHncipal  and  !Umi 

lAini  by  i  i,  nr,  .Si-j.  t-ii,  Ml^vtc.,  j^tm  Hm to saUfcatfitkmHdffrivalif* 
l-»Uich  rxblbit  uumefous  eaMS  of  lifimerlim. 


— Til*  ni»i»fwIeriT»tiT«s  of  bensMie  d^  not  <gt- 


tba£   there  U  bal 


I.  Id  lirntttn*' 
ilklblt  iR'Miirrri:  > 
atlrti-,  ^^r   mouo  niti 

CjiM/Ull),  »'t»?.  U<Miw  it  must  \m  iiiJirn-.i  tli. 
in  iMTfovtl/  MyiumirtricAl,  all  its  nix  carUui-nUm. 
ttoiikN  U-lnj*  i.sitial  to  one  another  In  r&liic.  and 

tlunn,  iMi  thnt  the  rt* plau*<tm'iit  nf  a  iiin)L'ltf  bytli^  l^i 

UHMtt  nr  raitictc  pro>lu<t«  the  Mine  effwt,  in  wh&Levvr  part  ^  tfae  zzivl 
tilt*  NulMtitutiou  tnki*d  plao*. 

Th4i  ht>;lii*r  (luriTatiTes.  on  ihp  otht^r  hand,  formed  by  replacompnt 
two  nr  u)<>ri<  hrtlrogen-aUmu  in  the  mulecaks  exhibit  ii»oiiw>ric  izi(j*iilieaiiiii 
Which  »re  nti)tiKiHfvl  l<>  d»*j>*M»i  upc-n  the  rt-Ulire  positions,  or  orifrnt 
ti«»n,  €tf  the  »u)«>titute<l  radich-s.  I^-fcmne  lo  the  fijrure  on  pag«>  i»<.>*», 
Wliich  the  oarlxjn-at'jniit  in  l>i_*nz4*]ie  are  nuuilnired  from  oue  to  six  it  is  ei 
to  nee  that  theft!  may  Ite  three  such  modiflc&tioDft  of  dieblofobcn 
^C«U|i-l,,  rvpruiuuUxi  by  the  fvUoirin^  Qgurui: 

'■^    ^"    ^ 

threv  ukmU  float  ions  aro  distluguiahed  by  the  symbols 
1:2  1:3  1:4 

In  lUe  nral  the  two  uhlurine-aUiiutt  arc  contigiioits ;  in  the  second  Ihej  &r«j 
[%*<(tArat<Ml  by  nun  ati^nt ,  und  in  the  thinl  by  two  atom»  of  hydnigc'n.  ||| 
ti  tlear  that  lh>mt"  are  the onJy  throe  luiKllfioatioDB  possiWe:  fur  2  :  3,  3:4,, 
and  <[  .  I,  wnnUl  be  thu  same  n«  1:2;  2:4  and  3  :  5  would  bt«  tba 
•ft  1  .  ;t ;  antl  2  \  0  and  A  :  (j  woubl  be  the  aaiue  an  1:4. 
nwiitber  of  iMiiwiblv  miKliflcationB  fomied  by  auixessive  replauemeni' 
II  ntoiiiH  in  benxene  is  as  fuUowa 

/pN'^ifrwii  tire  itnrrrAKivfl tf  rrplacf^  by  thti  Male  tltMtut  or  ODW- 
Itt  this  owo  the  number  of  mvdiflcationB  ia  as  foUovs: 


BENZ£N£-DKB1VAT]VES. 
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Till!  moaning  of  the  terms  oonsecutivo,  syinmotrioal,  and  nnsymnietricalt 
ftppUtni  tu  the  three  in txl locations  of  the  di-,  tri-,  ami  t(«tradt'rivatiT«8, 
wilt  be  hotter  underatood  by  moans  of  the  following  diagnim  : — 

SfmmettieML 
1 


1 

1 

1 

1       1  * 

u 


4 

1 

/\ 

U 


/ 


1 


4 


J 


4  4 

By  CDuiiting  from  diflorent  points  of  thn  h^xAgons  it  is  onay  to  8«e  that 

In  thfl  li-iderivatlvra,      1, 3, 4     li  the  flame  ai  1,  2, 4,     I,  2,  b     and  1^  .1,  6 
la  rl;e  letrft-deriVftClves.  1,3,  4,  S  **  1,  S,  3,  &.  1,2,4,  0  AOd  1,  3,  &,  e 

ftndl,3,4,a  ••  1,2,  4.  flu 

B.   Tfta  hifdroffen-alotns  are  rrplacetf  hy  differmt  dements  or  radtdet. 

If  t»nly  two  iiyilrogcii-atum.'*  am  thus  roplacod,  tho  uuralwr  of  possible 
inixli filiations  nimains  the  same  as  ahove,  viz.,  throe;  for  the  revertial  of 
thi-  unliir  (AH  or  JJA )  jan  iimke  no  rlitfer«ncti  in  tUt-  rusiilt  ;  Imi  if  lUtve 
or  iiMin?  hydmgcn-Htoms  ar<!  l*t*plnwMl  hy  different  rwiiolcH,  th«  niimlMT  of 
por^hibU'  iiKtjditU'atioiui  U*o<>Uii.'ji  lar^t>r,  iitattinuch  an  thr  ordur  of  succt^iiinn 
t«f  tin-  sulmlittited  radiL-k'd  may  tlien  wxert  an  infiutrnue  on  tho  nature  of 
tiie  prtnluei  ;  tlius  :  to  on«  Iribromobenaent),  CgBrBrBrH,,  in  which  tho 
ImimiiiH-atiiTuH  occupy  the  plauus  1,  2,  3,  tht^re  will  oorrwpond  two  dlbro- 
nupchhtrolM-nzema,  viz.,    CjIirBK.'lHj,  mid  CjBrClBrHj. 

Ill  iliM  prutieut  dtatv  of  our  kniiwhilgc  wt*  cannot  in  all  oases  assign  lu 
the  several  radidett  which  rrplaee  tliw  hydrrigt^n  in  bimzene  their  exot't 
reta(ivL>  p'i:4itien8  in  each  isomerio  modifluation  :  though  so  far  as  regards 
thiuve  durivativvs  in  wlikli  the  suUttittittHl  radiel«!S  arti  all  alike,  tlie  list  jii 
nearly  com plote ;  but  ina.'imuch  aK  a  given  modiHcation  of  a  l>onxene-il(.'- 
rivative  may  in  many  casus  Ixj  converted  into  a  fmrticular  mo<lilii;ation  of 
another  benzone*der)vaLive,  hy  simple  traiiAroriimtions  not  likely  U*  b« 
atti'iidefl  by  any  iihnnge  of  molecular  utruetnre.  we  may  ouuchide  thiit  in 
tlie  iwM  derivativ***  tliiu*  prtwiucilile  one  from  tlie  other,  the  radicles  which 
reiiWu'c  l-wo  or  more  atoiiiH  of  hydrdp-n  will  omMipy  eorr*^[Hin(Hng  places, 
Aooerdiugly,  the  derivntiviM  of  benzene  containing  a  given  iitintWir  of  re- 
j>lA>:i^d  hydrogen -ntnnui  may  be  dividt>d  inUi  grou|>H,  each  containing  tlnwe 
niixliliratUms  which  can  \m)  forme<t  one  from  tbc  other,  and  In  which  there- 
fore the  mdicU'H  which  liavo  replaced  tho  hydrogen-atoniit  may  be  sup- 
po(;e<l  to  be  Aiinitarly  Hituate*!. 

Tho  dinlerivativea  of  beuxene,  «.  ^.,  CjH.CICI,  CgH^ClBr,  C,H,ri(NO,), 

Khihit,  nit  aUivv  nientinnet!,  three  such   motlitieatimiN,  whieh   are 

tingui^h^^l  by  the  prefixes  ortho,  ihp-iu,  and  ftura :  thus  llie  tlireo  dichlo- 

Ujnaenos  are  designated  as  fnllowb  ;— • 


iL 
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•  c;  ci  11  H  11  u  u 
('«ri  ua  H  H  It 
• « ci  u  u  ci  a  a. 

The  fnllowlni^  am  th«  princlpAl  or  tvjucat  rt^^rvoeotatlTes  of  th«M 
Mruii  of  cniiiiMtuutU  ;— 

1:3  1:3 


Orihi)«llohlorub4*nx«Do,  1  :  8 
McUi'liuhlnrubcnxirno,  1  :  3 
I'uradiflhlorulMiiiuiiie,    1  :  4 


1:4 

Paraox.vl 

Purasvlfini 
Tort*phlb! 


Dim.'tIiyl-b«^n«c'U«.  t\H,(ClL),  Ortboxylene  Metaxvlrne 
Dituirtio'u-auiils.       tVl«(CLl,u),  fUtUalio  U*Ji>bt'tiaJie 

Till}  relative  poftitioni  of  the  anbstituted  ra<licle«  in  »  di-di«r{vftiii 
biMxumt  iiiny  Ui  ilfUTiuiiiuO  by  outuiuu'ison  with  liiuse  in  Uie  f  r 
which  may  W  foiuifil  trrnu  it  ur  ounvertod  inU)  It.  The  pi  < 
nunhotl  luav  W  iUu^iiraUid  by  the  cam  of  thu  di-bromobeiLzc. 
ThoM,  by  the  autiuu  of  iiitria  acid,  may  Iw  convurt^d  into  six  djfi< 
nitrodtbromobfuxenna,  r'fll3ltr,(XO,)  ;  these  Uttur,  trt*ated  with  rod\ 
aguuU,  >ield  th*.'  aix  ct>rr«spi)ndiu^'aiuido-dibroiuobtiQXfua6,  <.'^l{,Br  (NJ 
in  which  the  Ml,  taken  the  plaot*  of  the  NO,;  and  tht*  amj<iu-iliUr«tiii4i| 
souuB  (dibromnniliiieit).  tr<^au^d  by  iiraeisttuit  hereafter  Ui  U*  di-Mtri)M*d, 
chjuig«  tht'ir  Ml,  fur  11,  wherttby  ihi^y  aru  r«o(mTertt*d  inUt  <libroai' 
senes,  and  for  iir,  wltHreby  they  yield  Iribrofnobnnzi'Uits.  Tbo 
between  these  di-  and  tri-derivalivt«  art)  shown  iu  tUu  following 
in  which,  for  flimjdioity,  the  C'b  and  11>  uf  the  btMiaene-ntoh 
oroittetl,  and  only  tlio  tiuli^ilituti'd  radicles  aru  shown  iu  their  rv\. 
places,  the  several  tribniui^i-  niid  ]ii(r<idiliroiuubeiucnva  are  plaoevl  vi 
oally  under  thu  dibTomobuti£uui-;«  fmiu  whir li  thuy  are  deriTeU, 


/ 


tr 

1 


Br 

1:4 


Br 


Dibromobe  Qseuea . 
Br 


Br 


1:3 

Tri  bromoben  aenes . 
Br  Br  Br 


Br 

IJ 

1:2 


Br  Br 

r^NBr    /\Br 
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An  insppotionof  this  «liiipram  shows  :  (1)  Tlmt  a  para-deriTnUve  (I  :  4) 
cau  givw  riftM  l«,  or  bf^  derived  frum.  only  'me  Iri-dcrivativo,  vii.,  the  On- 
n^inini'trii^iil  iiicMlifie.ition,  1  :  2 :  4  or  1  :  3  :  4. 

(2)  Tliatan  ortho-dt;rlvtttivo(l  :  2)  can  give  rise  tA«  or  Iw  produced  from, 
tw>  tri-durtvativc:d,  vix.,  tliu  ouiumjutivti  1 :  2 :  3^  and  thu  uuBvmmetrU'al 
1:2:4. 

(H)  That  a  muta-derivative  (I  :  3)  can  glv«  ri«e  to,  or  bo  forxnod  from, 
all  the  three  tri-derivatives,  1:2:3.  1:3:4,  and  1:3:5. 

ThbSti  oonolutiiDn.^,  whic-ti  are  full/  Imrnit  out  hv  i^xpcrimpnt,  enable  na 
to  give  denuitionu  of  the  throe  classes  of  di-derivaitvt^  de]K*nding  only  on 
their  rHlations  to  the  tri-dtTivntives,  and  independent  uf  all  ajwumptionn 
aa  to  the  relative  pouttions  uf  the  Hubstituttnl  railiclf«  ;  thus: 

A  d  i-deri  vAli  ve  of  benzene  is  para-,  ortho-,  or  meta-, 
according  as  it  can  giro  rise  to,  or  be  formed  from,  one, 
two,   or  thruu   tri-der  i  vati  vea  . 

II.  In  thf.  Subgtittaion-dcrieyttwes  of  the  HamoiogHes  of  flrns**?*.— The  deri- 
vatives of  toluene  aiid  the  higher  bydrucarbous  of  the  series  G.H,^-,,  ex- 
hibit two  kindfl  of  isomerism  :  (I)  Aceording  as  the  replacement  of  the 
hydrogen  t&kea  place  in  the  benzene-nucleus  or  principal  ehnin,  or  in  ono 
of  the  lateral  chain:*  (p.  bOV);  thus  from  toluene,  C^U^.Cli,,  are  de.  ived: 

isomeric  with  C.Hj.CHjCl 

Benzyl  chloride. 

"  C,Uj.CH,(OH) 

Beo2yl  alcohol. 

C,H,.fH/Nfl,) 
BcQKylAiulQe. 


MODut-'Morutolueae. 

c,ii,<tin),cu, 

UrcBol. 
Toiuldiae. 


ThM«  liomeric  dcrivatires  di0er  considerably  from  one  another  in  their 
propurittts.  Tbiisie  ju  the  left-hand  ctdunui,  fonued  by  rephicement  of  liy- 
dro^eu  iu  t>io  ht-nz^ue-nueieUH,  liko  tlu>tie  derived  in  liki*  nmnnfr  from 
benseue  itseir. — are  comparatively  stahle  compounds,  which  rio  not  give 
up  their  cbloriiio,  hydroxyl,  etc.,  in  exohangi'  for  nther  rndirlifi  so  easily 
as  the  corri-Hpondiug  derivatives  of  tht-  parnffins,— whcrciiH  thrwe  in  the 
right-band  column,  fonnetl  by  replacement  uf  hydrugen  in  the  latprnl 
chain,  are  more  active  l>odii«B,  easily  susceptible  of  this  kind  of  transfornta- 
tiuu.  Thus  Iwnzyt  nleohol  treated  with  hydrothloric  aeid  yiebU  l>enxyt 
chloride  (just  ns  ordinary  ethyl  alcohol  similarly  treated  yieldb  ethyl  i:hh>- 
ridf):  mid  Diis  cnmponnd  heated  with  ainiiionia  yitdds  In'Tizylaniim; ;  llio 
chU'ride  Ih  also  easily  couv<.'rt<Hl  iuto  the  ai^etate,  (yanide,  etc.,  by  In-at- 
moiU  with  till!  eorr*^*p(»ndinj;  potn^Hium  salt*.  In  short,  these  last-nifu- 
tioni'd  tn|iiL-ne  derivativt»s  exhibit  reactions  exactly  like  those  of  the  cor- 
r4wj>'>ndiiig  C(mipouu<U  of  the  methyl  auil  ethyl  groups.  The  two  serinu 
of  cnm|innnds  may,  huw^ver,  in^  rt^pn-Mi  mtui  hy  t(»nuul»  of  similar  struc- 
ture, liut  ixintaining  i^>morio  rndiclfs,  t'^H^.  those  in  the  left-hand  column 
Ihmu^  couipiuiids  of  met  hy  1 -pbe  II  y  1  or  tolyl,  ('gll|(i.'ll]),  and  tht*su 
in  (lie  right-hand  column  being  compouuda  of  pho iiy  1 -m e thy  1  or 
benayl,  CUjCC'^Hj);  «.  j. ; 

Taluldine  or  ToiyUmlao.  " 

(2)  According  to  the  orientation  of  the  sulwtituted  rndicles  iu  the  >>en- 
aene-nuL'leuB. — ^This  kin«l  of  imtmerism  is  of  i-niirse  exhibited  only  by 
derivatives  like  those  in  the  left-hand  ooUiihU,  including  the  hydrocarbons 
which  contain  more  than  one  Inteml  chain;  thus:  dimethyl-lK*nzeue  or 
xylene,  C^lIjCCH,),,  exliibita  the  three  modifications,  1 :2,  1 : 3,  and  I 


BcQzylnmlae. 


SM 


M,C^, 


mcLAife«rl«,  tW 


CV^^-9V>  fcjfcllil*!  ■  MB  i 

MVKral  jiiJjmriii  ■niTiffiirii  ■■.  tkr  pnaHSfal  «f  «iiic^  i>  triethizi*  ur 

%v«  tMlav  ;  a^  faiibtf ,  t^al  «w  uT  Ike  thrnr  udts  of 
Ve  k»Te  the  IsraiiU  flf  beBBse,  «a  e^*^  i^  *^  ri^L-luBi  Igore. 


Beiuen«  S*  alfio  formed  m  the^lry  ifbtnUtion  nf  fnsnr  nriiS]iieBubstaiiH«r 
■ad  M  onnUintwl  in  t'ii>iuiderm]uU  qoajatiij  in  thff<  more  ToUtile  portiob  of 
eottl-tAT  i>i]»  from  wluch  it  is  ikow  &lm«Mt  Atwaj«  ppp|!iar«d.  To  obt&in  it, 
th**  <nl  ui  rop*»l«dlj?  irafilicd  wkh  dilute  aulphnric  acid  and  wiUi  potash, 
in  r('iiii>re  thtt  alkaHni?  uikI  a^Tiri  producta  UkewiiM  existing  id  it ;  uirt  the 
rtfRiAkribiij^  ntfittrftl  oil  h  BUbmUtf^  to  ivpeau>d  b-actioQal  distillation,  the 
jjorti'tn  wliidi  ffo«9  ovist  Ijetwi^fn  t^^  ami  fliP  C.  (!7f?^l!>'P  F.)  iKjing 
**.>I|(H'U*1  »pn.rL  On  iwnplsn^  thi*  difltillatf  ti  ^12©  T.  (Ht-^^^  F.>,  tin*  l>eH' 
XL'ij<>  trf  vwrjilliiU^  out,  anri  may  Ite  pnrift«?d  from  adherinf,^  lujuifl  sutwUtiet-a 
hj  prewnre.  It  u  now  prepared  in  immense  quantities  for  the  mannfao- 
tare  of  aniline ;  but  the  commercial  product  is  alwajs  impure,  containing 
jUso  the  higher  members  of  the  series. 

Fore  benzene  maj  be  obtained  hy  distilling  benzoic  acid  with  lime  : 

CtHA      4-      CaO      «      CaCO,      +      C-H. 
Benzole  Lime.  Cnlelum  Benzene. 

M>a>  earbonate. 

Benzene  Is  identical  with  the  so^alled  himrhuret  of  Hydrogen,  diBoorered 
many  years  ago  by  Faraday  in  the  liquid  condensed  during  the  compression 
of  oil-gas  (p.  168). 

Pure  benzene  is  a  thin,  limpid,  colorless,  strongly  refracting  liquid, 
having  a  peculiar  ethereal  odor.  It  has  a  density  of  0.889  at  (P,  0.885  at 
15.60  c.  (59.90  P.),  boils  at  80.5O  C.  (176.90  p.),  and  solidifies  at  OO  to  a 
mass  of  rhombic  crysUis  molting  at  3©  C.  (37.40  p.).  It  is  nearly  insoluble 
in  water,  but  mixes  with  alcohol  and  ether.  It  dissolves  iodine,  sulphur, 
And  phosphorus,  and  a  large  number  of  organic  substances,  fats  and  reeina 
for  example,  which  are  insoluble,  or  very  sparingly  soluble,  in  water  and 


TOLUENB. 

alcohol ;  heniite  ltd  use  in  manj'  clivmic&I  preparations,  and  for  removing 
grr'Arif-spotii  from  flrticl<;»  of  dress. 

Beux4*ue,  poMtiod  iu  the  statu  of  vaitor  through  a  porcelain  tube  htat<Hl 
to  bright  redneftH,  in  partly  re^olred  into  tiy«lri>gfU  ga.-t  containing  a  tiiuall 
quantity  of  (.'•Uiiiie,  and  iho  t'oUuwing  liquid  products:  (1)  di  phenyl, 
(■,,H|a  =  2C*,H.  —  II,;  (2)  d  i  ph^uy  I  beo  kbuc,  rell^dgllj),,  formed 
Ai-i-«>rdin>,'  to  th.';  ctiuutiun  ^<-«n«  >=  l\,ll,|  -f-  2Hj ;  (:J)  bo  nzory  I  h  r  eu  e, 
a  solid,  r(!iiiiii>us,  ornuge-colored  body  of  unknown  fomfiositiun,  which  di»- 
tiU  ovtjr  ill  yfUnw  vajifira  at  a  itiilt  rnl  heat ;  (4)  hi  t  n  um  n<!,  a  l)laek)ah 
liquid,  whicli  rt'inains  in  tlie  ri^turt  at  a  dull  ri^l  hi'ai,  and  solidillea  on 
cK.ling.*  Heated  to  2750-^8(10  C.  (527CU53tP  F.)  with  ho  to  UHi  parta  of 
strong  liylriotUc  acid,  it  is  oourerlcd  into  hcxaiiu,  C«H|,. 

^DiHTivK-coMPornDS  oK  BK:(ZEnE.— BcDzene.  though,  as  alrftady  obsurred, 
it  m(i.stly  n^actA  as  a  daturnted  molecnlo— exhibiting  indued  In  its  cheiuii-al 
relalious  ji  very  cluite  reseuiblancu  to  tliu  |>arafliiiB— I'vu  nuvertheU-av,  under 
uortain  circumstances,  take  up  G  atoiu*i,  or  3  molecules,  of  chloriuf  or  br<>- 
inine,  forming  the  oompounds  C\H,('lf  and  C\II,Ut^.  These  are  i'rysUlline 
biKlieit,  obtained  hy  exposing  beuxcne  to  sunshine  in  contact  with  chlorino 
i>r  brmalne,  the  former  alito  hy  mixing  the  vapor  of  Uttling  benzene  with 
chlorine.  Benzono  lioxcUloride  uieltH  at  132-  C.  (2ii9.<P  t'.)t  and  iMuhi  at 
2.St^  C.  (560.40  P.),  living  partly  resolvi'd  at  the  same  time  into  hydro- 
chloric acid  and  trichlombonxcno :  C,ll,Cl«  ^  31ICI  -^  CglljCl,.  Tho  souic 
di'Oittiiponition  in  quickly  produceil  by  heating  tite  comi>ound  wiLli  alcoholic 
soluliim  of  (K)taAh.     BeuKtm^  hexhrnmide  pxhil)itii  a  liiniilar  reACtion. 

Itenzone  iti  also  capable  of  uniting  directly  with  thr>'e  mi>lecules  o{  hy/to- 
chliirm*  lu'id,  forming  tho  coai|iound  C,H,C'ljOj,  or  C^IIg.HCUJli,  which  itvs- 
t-alliKt^  in. thin  oolorleMH  plateH  melting  at  a1»out  lilO,  and  is  oonvcrt^vl  by 
alk:ilie;t  into  u  wliite  dfliquertcent  cuu^Hmnd  callod  phenose,  CgH|,0|, 
isomeric  with  glncose  or  grape-stif;ar: 

C,H,C1,0,    -I-     3UK0    s=    3KCI    +     C,H„0, 

The  fnrmntion  of  llnwo  a«MUivo  rompounds  may  ho  explained  in  thtt 
Rnm<»  mHoner  as  that  of  ethene  bromld*^  fpp.  504-S).  namely,  hy  supponing 
that  wluMi  the  iH-nzeue-muUnMile  Ik  8uhje<:ted  to  the  iutluencB  of  chlorinn, 
lirnminu,  etc.,  th(»  attAohroent  of  th«  alternat*)  pairs  of  carl>on-att>iii8  is 
tooai.ned,  ro  that  each  pair  of  carUm-atoina  becomes  united  by  only  ono 
unit  of  Hlfiuity,  and  each  carbon-atnm  has  one  unit  of  affinity  Inft  frw* 
and  ready  to  take  up  an  atom  of  chlorine  or  other  univalent  radicle.  Tbti 
nature  of  the  alteration  is  shown  by  the  following  figures,  In  tho  seoo&d 
of  which  tho  unsaturated  olUnititia  are  indicated  by  <U)ts: 


/=\ 


Satnrattd. 


U  a  saturated. 


I 


Toluene,  C.H,.  or  tf  ethyl-bensene,  r„nj(rn,)-— This  hy- 
dn>ciirl>on  is  produced  ;  Synthetically  (1)  Uy  the  action  of  sodium  on  a 
mixture  of  bromobenzene  (phenyl  bromide),  and  methyl  Iodide: 

.*   Berlhelot,  Bullettn  de  U  Sooitft^  Ctiimlque  do  ParU  [31,  vl.  pn.  773,  3T9: 
lebuUx,  Ann.  bbem.  cUxlv.  90). 
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C^n^Br    +     cn,I     +     Na,     =     NaBr    +     Nal     -f-     C.H^.Cl 


Tliia  ruaction  is  an  example  of  a  general  synthetical  method  of  produ 
Ibtj  hydJiK-arUjua  C^lij^-^,  repreacnlotl  hv  tbo  tx^ualiou  : 

,Br    +     C,H,^,I     -I-     Na-    =     NaBr     +     Nal 


CJI, 


2.  Bj  the  mutual  action  of  benzene  and  mvthant;  iu  the  naacx'iit  stAlc*, 
a.s  when  a  mixture  of  2  parts  of  soiiium  atu^tatu  and  1  port  of  aodiu! 
xuato  in  aubjtfotwl  to  dry  di«tjliatiun  : 


C.H,    + 


4-   n,. 


I*  is  also  prodaoed  by  distilling  tuluic  jicid,  Ct,B,0,,  with  lime,  wl 
abfltracta  carbon  dioxide : 


C.H,0.         a= 


CO. 


C,H. 


It  oocnrs,  together  with  henxene   and   the  other  hydrocArhons  of 
BLTies  In  light  coal-tar  oil,  and  in  tho  produutu  of  the  distillation  of 
Tolu  baUaio,  dragon'^  l>UHxi,  uud   otHi-'r    vugetable  BuljHtaiKHM  ;    and,  to- 
gether with  many  otliur  hydrouarU>ii:4,  in  Kaitgi^^n  tar  or  Burmese  tmphllia. 

Tolueuu  iti  a  limpid  liquid,  smoUiug  likt*  bcnzoni;,  and  having  a  di^osity 
of  0.8H2  ;it  V<  It  boils  at  111^  C.  0231.80  K).  and  dowt  not  solidify  at 
— 2lP  C.  ( — 10  K.).  In  respect  of  nolubility  and  aolvent  power,  it  la  v«ry 
iimcb  like  beiueiie,  but  diMttolves  aumenhat  more  readily  in  aler^hol. 
Wben  trimt«*rl  witb  oxrdixing  agents,  it  yields  benzoic  acid,  C,H«0,,  or 
di-rivativedi  thereof;  with  pota^aium  ebromate  and  sulphuric  aeid,  it  yielila 
benzoic  aeid;  and  by  pruluuged  boiling  with  strung  niUic  acid,  uilrobon- 
zi'iu  acid. 

To|n.'ne  vapor  passed  through  a  red-hot  porcelain  tube  i«  partly  resolved 
intt>  hydn»yfU  gas  (with  amall  qiiaulities  of  mi-thane  and  ethiue),  and  the 
following  liquid  prtxluuts  :  (1)  Benzene  and  naphthalena  in  confiidnrabl© 
quanlities.  (3)  A  crystallixablo  hydrocarbon  volatilizing  at  28(»0  C.  (03tP 
v.).  and  probably  consisting  of  diliensyl,  CnU„.  (3)  A  liquid  i«omerio 
witli  the  last.  (4)  A  mixture,  distilling  above  StilC-  C.  (GSt/-'  KO.  of  an- 
thrnwne  with  an  oily  liquid,  (fi)  Chryseue  and  the  last  decompoaitiou- 
prwiueta  of  benzene.  The  formation  of  beuieue,  naphthalene,  authrarene, 
and  dibeniyl  i^  represented  by  the  equations  : 


2C,IU 

=    c„H„    -i-     n^: 

2C,n,    =    f,,ii„ 

Tolueoe. 

Dlbeozyl. 

Toluene.        Anthmwne. 

4r.H,     =     3<\H. 

Naphtha- 

Toluene.         B«nione. 

-f    3H, 


lca& 


i 


Bydrooarbona,  CgH„.— This  formal*  infilndea  the  two motamerlo 
builiod  * 

c,n,(rii,cn,)  c«H.(rH,), . 

EthylbenioDe.  Dlmcthyl-beniene. 

1.  BTHTt-BKiiitBMB  19  prodocod  by  tbo  action  of  sodium  on  a  mixturp  of 
monobromobenzene  and  ethyl  liromide.  It  is  a  oolorb.«s.  mobile  liquid. 
viTv  mu.-b  like  toluene,  having  a  density  of  0.86G,  and  boiling  at  1340  «.. 
(273.20  F.).  By  oxidation  with  chromic  acid  mixturo  it  yields  beuioia 
add.  It  !a  attacked  by  clUorine,  bromine,  and  nitric  aoid,  fonuing  sabati- 
lnlii»n -product*. 

2.  DiwKTnTi^nwxiEBXR,  nr  XYr.ESF,  A'lmits  of  th«*  tbrtH*  modifioationa, 
para-,  ortho-,  and  meta.     The  first  aud  second  are  produced  by 


f  the  aoy^y 
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of  todiiim  nn  u  luixliiro  ipT  int^tli^l  iudidt?  villi  para-  ami  orlli(v1>roinotolu- 
«ni»  respectively,  tho  hroiui no-atom  in  oacfa  cose  being  repUcud  by  mcthjl : 


r.H,<2' 


H. 


+     N«, 


MaBr    -\-     Nal     +     C, 


•«-<5S; ' 


Orthoxyleno  b   aUio  formed 


by   beating    orthodimeihyUbunxoic   oeid, 

,(,w,  —  v'jH,  4  f.^  ^'»  ,    (Inappntpriately  called  paraxylio  add),  with 

lime;  C,!!,/),  =  CO^  +  CgH,ft,  nnd  metaxylvne  (or  isoxylene)  in  like 
manntT  from  two  otlior  uuKlilieatiuns  of  the  hauic  acid  called  xy lie  and 
lueititenic  acids : 

1.         2        3         4-  6 

C,.CH,.  CH,.     H.    CO,H.     H. 

C,.CH,.     H.    CH,.   CO,a.      H. 

Ce-CHa.     H.    Cli,.       H.     CO,H. 


Paraxylio  aoid, 
Xvlic  acid, 
MfHittiiiici  acid. 


U,  gives  1  : 
{};|Kivel: 


3  Xylene, 
a  Xylene. 


I 


TbeHtj  isumerio  xylenes  are  oolorleas,  volatile  liqulrla,  orthoxvlcne  boiling 
at  14()0-1410  C.  (2840-286.80  K.),  ra«taxylene  at  137^  C.  (27H.GO  K.),  and 
paraxylono  at  13tJO-K^70  C.  (27tf.l=<-O278.tf0  K.).  Mela-  and  para-xyUne 
ar»  CQUtaiiiud  in  the  leas  volatile  porticjii  of  lif;ht  coal-naphtha.  When 
the  portion  of  this  liquid  which  tmila  at  about  141*^  C.  (281i.80  P.)  is 
Khakeu  with  oil  of  vitriol  containing  a  little  fuming  sulphuric  acid,  the 
xylene  is  dissolved  in  the  form  of  xylen(^«lilphonie  aeid,  (',^11,(^3  ;  and 
on  decomposing  this  compound  by  dry  distillation,  and  puritying  the  die- 
tillate  by  washing,  drying,  and  reetidoation,  a  mixture  of  niftaxvlune  and 
paraxylenp  is  olitained,  wntaining  DO  per  cent,  of  the  fnrmer. 

Xylene  (either  modification)  passed  through  a  red-hot  tulH;,  is  refiolvod 
into  a  mixture  of  several  hydrocarlious,  among  which  art*  betuene,  tolu- 
ene. Btyrrdene,  naphthalene,  anthraerne,  and  il-s  higher  liomolognos. 
The  fonnatiou  of  some  of  these  products  ia  represented  by  the  following 
equations : 

C.H^  (Stvrolnne) 

2C\Ua       +     C.ull,  (Naphthalene) 
and  2(iU."    —    3H^     =      C„Ujo  (Anlhraooue). 


C«H„ 

— 

Ht 

^ 

3C,H,o 

— 

3IL 

= 

iiO,U. 

— 

3H, 

= 

a  mixture  of  potassium  dichromato   and 
into    phlhftlio   acids,  C,H-0.,    or 


The   xylenes,  oxidised  with 
sulphuric   acid,  are   converted 

C,H.  I  ^^I^{|  I    flooording  to  the  equation,  r,n,o  +  O^  =  2H,0  -f  CJI^O,, 

each  iiKKlideation  of  the  hydrocarbon  yielding  a  corresponding  modiflcati<iu 
of  the  add. 


Hydrocarbons, 

metamerto  IxNliL^  : 


C„n,,. — This  formula  includes  the  three  following 


C.H,(C,II,) 
Proprl-bensene. 


.".{c"f.         f.«.| 


b. 


Ethyl-mrthjrl 
beDzcup 


CH. 
Trlmethyl- 
beuxenc. 


AH   throe  have  been   formed  synthetically,  the  first  by  the  action  of 
lium  and  prnpyl  iodide  ou  bromobenzHiie ;  the  second  hy  that  of  so<lium 

and  ethyl   bromide  on   hromotoluene;    the  third  by  that  of  s<iflinm  and 

methyl  bromiile  <tr»  bromoxylenc  ;  thus  ; 

(1)  r^n^Br  -f  (\H,T    +  Na,  =    NaBr  +  Naf  -f  C^H^fC^H,) 

(2)  C,li,Br(CII,)  -f  {:,H,Br  -f  Na,  =  2NaBr  +  r,H/rH„)(r,R^) 
<3)  r.n,Br(rH,):  +  ril^Ur  +  Na,  =  2NaBr  -f-  C,H,((:il,)j . 

t;9 
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1.  Propjl-benieno  »  a  liquid  which  Iwila  at  167°  C.  (SM.*^  P.), 
fortiu  with  excMiitof  brumino  a  vii>i.-i«l  tottabruminatt**!  ci«nipouxid,  C,ILUr,t 
and  with  oxct^s  of  strong  nitrio  aud  Hiilpliurlv:  acula,  a  cryaUdHiui  triiUln»- 
di'rivAtive,  <^VU(-'**'N)»* 

A    hydriMiirUm,  i-nlli'd   cDnicnc.   aliH>  baring   thft  <vinipi>='-     -    "  *' 
and  viTy  luuvli  likt*  prnpyl-U'naeue,  exists  ready  fumu*«l  in  K-^ 

oil,  and    ia    oi»lniiH'<i    »rlin«:ially  by  disliUing    ciimir    acid,  i-',^i.,g    ,, 

lime  ;  but  It  ttuiU  at  a  lower  t«m|>eralurtf,  viz.,  1610  c.  (3i»3.b»^  F.),  Umut 
with  brtMuini)  a  Jlnely  crystal  I  iif*!  poulabrominated  derivatiru,  C'^llfBr^ 
and  in  t>i>nvcrt**d  by  exiH^s  of  a  mixture  of  nitric  and  snlphuric  mt-id's 
into  dinitroc'Uini'nr,  t',H,(,(NOj),.  It  a^rws  with  pr^jpyl-tH.-nzt^nf,  howev4 
In  iK-iny  i^mvcrttMl  by  oxidation  with  rhrouiicatml  into  twrixoicacifJ. 
it  ia  probable  tliat  both  thcsu  Iiydrocarbone  hnro  the  coiui 
t'.llj.CjII,  ;  but  that  euuieno  eunaULs  of  vtoprapyi-brHzenf,  C^H^.CHO 
whiToru*  tho  i-iimjiouiid  fonuL-d  by  lUu  action  of  scmUuiu  and  jiruprl  tgil 
on  In'omolh'un'ni'  is  nvruvil  pnt/it/i-t'fRzcjtP^  (.\\iyt.'\i.^i'\lfC\l^,  Tliid  snpi: 
■itinu  is  in  accnrdanci*  with  the  lowrr  boiling  point  of  ciiui(.>ije,  as  it  is, 
gonrntl  rulu  that  ieopropyl-cumjjiiunds  Imil  at  lower  teiupi^raturL-^  tliaxt 
Oom*M|Hitidiii}^  iioruial  prupyl-i^oui(>ouutlH. 

(!iinii>n(<   disiiolvua  in  hut   fuiuing  uilrio  acid,  and  water  Added   to 
Holutinn    throws    down    a    heavy   oil,   oonsiuting    of   moDonitr<M:uni 
(''all,,(NO.j>,  which  is  nyluood  by  aminoDium  ttulphide  to  aTuiducurui*De 
cuiuidluu,  C^Uj^CMIf). 


2.  BTiin/-iimiTL*BiEKZit5B  or  BrnrL-TOLOsn  Is  known  In  two  isome 
moilifioationa.  Tht;  /Mrn-inodilieation  (1  :  4),  obtaiuvd  from  parabn.> 
tuliieuti  and  ethyl  bromide  in  the  Baiite  maimer  au  othyt-b«Muonu  fruia  bi 
uiobenu'ne,  i^  a  liquid  b«.>iliug  nt  1(J1^-1U20  C.  (32I.nQ-323.0^  K.),  «i 
having  a  di-nwity  of  0.8(i5  at  210  C.  (at.SO  F.).  IJy  oxidation  it  yirU 
terephlhnlic  acid.  The  mc/o-nio<liilcatiQn  (1  :  3),obtaiiu'd  in  liko  iuann« 
from  met!il»roiiiot<»luen.',  IwiU  at  I5h0-I5!K5C.  <:(lt!.40-:U8."J^  K.);  hjis 
dtriiriity  of  U.bl)t<  at  20^  t'.  (<j&<^  F.):  &ud  is  converted  by  oxidation  in| 
isoplilh&liti  acid. 

3.  TurjditTHVL-BKKZKirK,  CjUjCCHa),, !«  suscpptiblo  of  thrce  isomeric  modi 
fications,  only  two  of  which,  however,  are  known.  Doth  of  them  cx'» 
ill  uual-tar,  but  cannot  i*v  completely  separated,  therefrom  by  fraotioiiJ 
ditslilliilinii. 

Ml  sit vK' no,  or   Syminotrleal   Triraelhyl-bcn«onc,  C,.Cn^1 
Il.l'HjJl.t.'llg.lI^  is  formed  by  distilling  acetone  with  aulpiiuric  acid: 


3C0(CU,). 


c.Ha(rn3),   +    3n,o. 


tiu 


A  mixtnre  of  1  vol,  acetone  and  1  \*ol.  Piilphnric  acid,  dilul(<d  with  i  rol, 
wnltT,  is  dirttilliMi  from  a  retort  etmtainitig  waiHl,  and  llu*  oily  layer  of    " 
diHtillate  is  soparatisi   from  the  watery  layer,  washed  with  solution 
siMliiim  rnrhonate,  and  distilled. 

Mesitylrne  i»  a  oolorliws,  fragrnnt  liquid,  lioiling  at  ]fi30  C.  (325. 40  P.),l 
By  oxidation  with  dilute  nitric  aeid,  U  is  sacoessivelv  converts  into  mej«i- 
tylenie  aeid,  C,H,(CII,)jCO,H,  mesidie  or  uvitio  aeid,  <\U^(CH^)(CO^H)j^ 
and  tritnesio  fteid,  <'8H/f'<^jH)a,  all  of  which  have  tb«  symmotrical  *itru(w^^ 
tiire  ]  :  3  :  ^.     Hy  oxidation  with   rhromir  acid  mixture  it  is  completely  ^H 
deeimiposed,   with    formnilon  of    uretit-  neid.     Healed   with    phot^phoninm 
iodide.  PH^I,  to  ir.tA-:UntO   C.  (4H2'^r.720  P.).  i»    i«   eonverti-d    into    th» 


hydrmrarlKm.  r,UM'  w-hich  boils  at  13(JO  c.  (276.80  F.).  and  yields,  with. 


oxidizing  agents,  the  same  products  oamesilylcne  Itself. 
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r  Psotirlocnmene    or     Unsjmmotri  cal     Trime t liy  I-ben  zent*, 

Cg.Cllj.lI.CIIq'.t.'H,.!!,,  occurs,  toother  wilb  nu%itvleue,  iu  ooAl-Ur  nil 
(boiling  at  ld20-l*JfcO  f.)  (323.tJO-:Ji4.40  F.)t  ami  is  fortuyd  by  the  action 
of  mctlivl  iodide  and  aodium  ou  tirotunjiarAxyleiK!,  CQ.CH,.H.Br.CH..H-,  or 
l>romom«taxyI«ne.  CVCU,.H.CH,.Br.H,,  It  boils  m  lUGO  C.  (330.»o  F.). 
and  lA  oxidizt-d  by  dilute  nitriu  to  poraxylic  acidf  C4U,(CiJ,),CX),U,  aud 
xylidic  acid,  <:,H,(CH,)(CO,H),. 

Hydrocarbons,  ('lo^ji. — Of  these  there  are  five  motamerio  motlifl- 

catiuii:^.  viz. ; — 


Buiyl-bfUti'nn  . 
)letliyl-pro{>yl-beazciio     . 
Ditithyl-bcuxeuu        . 
Ethyl-diiiivtliyl-benxime  . 
Tetrauiftbyl-beuxuDu 


r.ii,.r,ii,.(cii,), 


1.  BcTYi^BEErxxMR.— Of  tilia  hydrocarbon  there  are  three  submodinca- 
tioaa  dt'iH*ndlu^  upon  the  structure  of  the  butyl-radicle,  yonmii  but^-bat' 
xcue,  C^H..CU,.CU^CH,.CIL,,  and  hobuttfl-benzene,  CeHj.rH,.CM(CIl,)j,  are 
obtaiuod  by  the  action  of  »odinra  on  a  mixture  of  bronmlienEene  nud  nor- 
mal or  ixobulyl  bromide,  or  on  a  mixture  of  Ixinzyl  bromide  ((,',Ilj.rU,Br), 
or  chloride,  with  th«  iodide  uf  normal  pnij»yl  or  isopropvl.  Tht-  first  baa 
a  dcusity  of  0.8622  at  ItP  r.  (t'.O.SO  P.),  and  hoiU  at  18(P  C.  (3,^fiO  i\)  ;  the 
■eooud  ha*  a  density  of  0.89  at  15*^ C.  (5<^0  F.),  and  boils  at  It;7.50  C.  (333,50 

P.).  A  third  buitfUmxene^  CgHj.CII<^p,I^.j.  ,  having  a  density  of  0.872fJ 
at  IGO  C.  (UO.SO  F.),  and  boiling  at  170Q-172O  C.  (338Q-.^11.(P  P.),  is  pro- 
dudxl  by  the  action  of  zinc-ethyl  on  pheuyl-etby]  brumid**,  Cfllj.CUnr. 
CH,. 

2.  MRTnTIi-PBOFTU-BKVZB.'VS  OT  CTMBirK,  t^8H.<J'H'cn  CH     ^^  '  ^^*  ^<^^^ 

in  Roman  cumin  oil  (the  volatile  oil  of  the  seeds  of  i'uminum  Ci/minum), 
aud  ill  the  volatile  oi\»  ot  fit/rJtotis  Ajrnran,  Vicutti  vinna^  KucaltfptuM  ijlobuhu^ 
nud  othttr  plants.  It  is  prridnci>d  syuthetically  by  the  aetion  of  siMlium  on 
a  mixture  uf  parabromotoluene  and  uornial  propyl  iodide;  forme*!  aUo 
from  tur[>ciitine  oil  and  its  i«omerid(<«,  C'u,fl,f,  by  h<*atinf;  with  i<Mline,  by 
tlu!  action  of  strong  sulphuric  acid,  and  by  lu-ating  the  dibroniidt^s  of 
thusu  bydrucarlwns  with  sodium,  alcoholic  potash,  or  aniline.  It  ap)>eurs 
also  to  be  formed  in  sm.ill  quantity  by  tin;  M]»oiitaneouH  oxidation  nf  tur- 
ptnitine  oil  in  contact  with  the  air.  Further,  it  Is  produced  from  the  wo- 
mcriocnin|K>und6,  thymol  and  earvarrol,  CftUj(nil)(('llj)(('jllT),  by  heating 
with  phoiiphorus  p*-ntnsnlphide,  or  by  the  ai:tiou  of  phoHphorus  (WDtachlu. 
ride  aud  sodium-amalgam,  cblorocymene  buing  first  produced  aud  theu 
dt>L-b!orinated  by  the  sMlium-amalgam  ;  lastly,  together  with  toluene, 
xylene,  mesitylcnf,  and  other  hydrocarl)on8.  by  distilling  camphor, 
I'lpM^O,  over  zinc  chbtride  or  phcwphnric  anhydride.  It  »a  most  easily 
pri'pared  by  gt-ntly  h<-attng  two  parts  of  cam]thor  with  one  part  of  pbns- 
phorua  pontasulphide,  repeatedly  agitating  the  orudo  distillate  with  atroug 
sulphuric  acid,  and  rt»ctifying. 

Cymiuio  is  a  liquid  having  a  specific  gravity  of  0.8732  at  l^o,  and  boiling 
at  1750  C.  (3470  F.).  By  oxidation  with  nitric  and  with  chromic  atid,  it 
yieldfl  paratiihiic  and  terephthatie  nt  id».  It  dianolves  in  Mrong  Bulphurio 
acid,  forming  a  sulphonie  arid,  the   barium   salt  uf  which  crystallizes  la 

tilling  lamins,  Imviug  the  eompoditiou  (C|,lI„S03)^Ba  -|-  311,0. 
3.  Diim(TL-BB!fZB!rR,   CjH^CCJIj).  (1  :  4),  obtained   by  the  action  of 
lium  on  a  mixture  of  bromoth3*  I -benzene  and  ethyl  bromide,  ii  a  color- 
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3jhc  :/  rrr-^  7  .  khl  »  ixaiuft.   n-  dltxtm  laam  mem.  at^^f 


f  :,i- 


—     Zi 


=  ^-^--^ 


.(CA),: 


iaS^trfA  £r«&  .u  rtsb:'.^,&  -viii   ii.^;.e  =_^r-x  i-::^!.  wLidi  cjulius  it  to 


r 


Hydroearbons.  C,.H^ukd  C;3H^~Th^s«- bodies  aamit  of  niunM^ 
'm«  ny^iA/:Ati//iu,  bat  tiiv  fir»t  is  kik&vn  in  onljr  tvo,  the  leMMMl  in  one 
ni/^Jift';«ti//n,  rU. : 

Boliiac  Spe.  mT.  at 

poiDt.  9»  O.  (4«.lo  r.). 

.    C,H,(rjHi),       21SOC.  (434.^F.) 


C,H,  f  ^^»       2130  C.  (415.40  p.)    0.8643 
C,n,  I  ^)"'»       2330  c.  (451.4P  F.)    0.8951 


Awyl  -  iwitUyl'}tt!iiX4!na  or 
Aifiyl'l/fluHfM 

Awiyl  'Mtfi'ttti/UtMmx«n«  or 
Am/I  xyl'tiiM 

Triittti/I.hiinxono  (1  :3:r>)  U  foimed  by  distiUing  ethjl-methjl 
liiit'iiMi,  CII^X)— <;,|{j,  vlth  Bulphurto  «cid ;  It  is  oxidU«d  by  chrtKoio 
*fil'l  ill  IrlniHftIo  ft()M. 

A  Miyl -mothjrl-biinxftno  and  atnyl-dimethyl-bensene  are 
ftirifiiNl  bv  tlin  Adtirm  of  nodium  and  amyl  bromid«  on  bromotolaene  and 
uroiiiuaylHiu*  rfHi|Hi(*ttv»ly. 


UHSATUUATfiD   B  YDEOCABBONS. 

OySATUKATSO  BTDBOCARBOVa, 

C„H,^  and  C.H^^ 

Btheny  1-benseue  or  Vlnyl-bensene,  C,H,  ^  C^H^ — 
ClI  CU,;  :Uao  callod  fitfjtyl-rjht'ttf,  Ciuiumuiw,  uii<t  .s*yitt/rji«.  TliiH  liyiin>- 
carU'i)  cHtciir;!  in  liquid  atorax  (from  IMjuiilawfMir  oi'i>N(a/«r),  and  may  Ikj 
prt'parod  thtfrvfroni  by  diNtilUng  tli«  haUam  witli  watvr  cuntaiuing  a  littltf 
fludiuiii  carttonatiA,  to  ro>1ain  einnuruiL-  acid. 

It  iii  produced:  1.  Synihftically  :  ■.  By  passing  a  mixture  of  beazene- 
Tap4>r  aud  ai-etylenu  or  etUeuo  through  a  rvd-hot  tubo : 

C.U,    -1-    C,II,    —    C,U,:audC,H4    +     C,H,    »    C.ll.    -|-     H, . 

d.  lu  like  m&nuur,  togeUiur  with  benione,  from  dipbenyl  aud  etbene: 

C.,H..     +     C.H.     =    C„H.     4-     CH.. 


2.  In  the  deoom position  of  xylone  which  takes  place  wlten  the  vapor  of 
that  oumpouud  is  passed  through  a  red*hot  tube:  Cgliig^CyH^ 4~  ^j  (p* 
817). 

3.  By  distilling  cinnamic  acid  with  baryta,  which  removea  carbon  di- 
oxide :  C,H,0,  =  CO,  -I-  C,Hg. 

CiuuauMJue  is  a  very  juubile,  ootorless  oil  uf  specific  gravity  0,924.  It 
boils  at  140'O  C.  (294.80  j.'.),  and  has  a  density  of  U.U24.  Whtut  UkM^hI  Ut 
200^  C.  (Mf'JP  F.)  in  a  seaUM  lubi\  it  is  wnvorttMl  into  a  white,  trans- 
parc'ut,  highly  rtifravlivu,  solid  Mjlmtanw,  called  mutacinnameao  or 
UJ'^tasty  rolonu.  This  sutistiinc^,  when  heatad  in  a  small  retort^  yields 
A  distillate  uf  pure  liquid  cinnamoue.*^ 

A  mixture  urciunamene  vnpur  and  etbene  passed  through  a  red-hot  tubtt 
yit^lils  largf  quantities  of  henzeno  and  naphthalonu.  The  first  i^  produced 
from  the  ciuiiaineue  by  abstraction  of  C,H, ;  the  second  according  to  the 
equation : 

C,H,    +     C.H,    =    C„H,    +    211,. 

A  mixture  of  ciniiauiene  and  benaenc  vapora,  passed  through  a  red-hot 
porcelain  tube,  yields  anthracene,  C,,!!,©,  tt>getht;r  with  small  quantities 
of  other  products : 

+ 


C,H, 


C.H. 


CuH,o    +    2H, 


n 


Cinnamone  acta  with  chlorine  and  bromine  like  a  bivalent  radicle,  form- 
ing the  crtrnponnfl-i  CgFI^fl,  and  C,H,Br,,  which,  when  Ireattnl  with  alco- 
holic ))otash,  RJve  up  1K"1  nnd  HBr  (like  th^  corre?i>ondinK  cthene-cttm- 
pounds),  leaving  chlnrrv-cinnnTncne,  C,H,n,  and  bromocinnamcn*'.  r',H,Br, 
According  to  Lniiront,  cinnamono  yields  with  phlnrim-  a  hi»xchIoridt»  of 
di.hlnrn-i'inMnmoni',  rilT^CI.rU. — M.-tnrinnnmpno  is  also  acted  «iH>n  by 
brnniln««.  *»nt  with  iv^nt^idcrfiblc  difficulty. — Uoth  cinnamene  nnd  metn- 
oiiinnmene  tri-attMl  wilh  fnniinR  nitric  arid  yield  monnnllratod  dnrlvativps, 
CgH,(NOj) ;  tlmt  nhtnined  from  cinnamene  is  orystalliae;  that  from  mcta- 
einiiamene  amorphous. 

Allyl'benione.  C,H,n  =  0^^1^—011,— TH  CH^.  or  /^/^ynWy, 
formed  by  heating  bromobenaenc  (phenyl  brr>mfde),  r^H^Br,  slid  allyl  bro- 

•  It  wdii  formerly  unpiMwiBfl  Hint  rlnn<«(ncne  prppnroil  from  rtnnfimlc  acid  wht 
nor  ronrerfpil  by  liPnt  Into  «  Holld  moillflc^tlon.  Ilkr  ulyrnlrn^  from  mtnmx  :  henec 
titr  two  wore  rpeirrii'<i  «««  tiiomerlc,  not  iflrnllc^l ;  hut  In'pr  r*'«f*firph^«  b^vf  «>inwn 
tlint  |Mir(*  ctanniDcnc  from  oinnitinio  Aclil  li  Ifkrwlflfl  oonverlible  Into  •ollil  metn- 
Blnnnmrne. 

0*>» 
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mide,  CjH^Rr,  with  2iuc.  Ik>11s  at  1550  C.  (311<^  K.).  and  forms  a  dibromid^ 
multiug  «l  ijl»0  C.  (14(tO  h\). 

IMioiiyl  propylene,  C^Hj — CH— CH — til,,  iHumeric  with  it,  is  obtaia«4| 
fruui  ciniuuuia  aloobul ;  it  boils  at  170^  C  (33bO  t'.),  and  forms  a  dibromidfl 
melting  ftt  ti6<^  C.  (1&U.80  F.). 

Aoetenyl-bensen*    or    Phenylaoetylene,    C.Hg 
CgU^ — ^     *-'W»  "*  foniu^il  Ity  he.'iting  lin-uihiciuimuietie,  L'gllj.CUII^CUUrj,  or 
nco  top  he  IK  me  chloride,  C^lij.OClj.CUji.  with  ulooholie  potiuh  ;  Also  by  lieaU 
ing  phunylpropiolie  acid  to  X'liJO  C.  (^b'^  F.).  wilU  water  or  witli  baryta; 


('sllj— T^i— CO,H     is     CO,    +     C,H4— C^CH 


ly^^H 


fdrilier,  together  with  cinnAmene,  by  the  action  nf  heat  on  several  li 
ciirbunH.     Jt  is  &n  aromatic  Uijuid,  boiling  at  l40O  t'.  (2t<40  F.)t  aiid  pre- 
cipitating  nnuuimiacal  silver  and  cupper  solutions,  like  acetylene.     Th« 

AkjO,  ia  white.  Sixlituu  distiolve-6  in  it,  funuing  the  compound,  C,k,Ntt, 
which  tnkr'H  Hre  on  coining  in  contact  with  the  air,  and  is  converted  by 
earbcmic  acid  passod  into  its  ethereal  solution,  Into  the  stMliuui  salt  of  pbv> 
nylpropinlic  aoid. 

On  shaking  up  the  oopper-e-diaiHiniid  with  alcohoUo  ammonia, (/iaewf«»y/- 
y»Arny/,  (C'^U^.l',!!),  or  CllIZC — CgU^— <;,Uj — t:±zCH,  seporatca  out.  This 
compound,  itiomeric  with  pyn*ne.  melts  at  97^  C.  (20(J.(P  F.))  aud  forms  & 
crystalline  eomponni]  with  pinrio  acid. 

Eth^l-iicetettift-henzene,  0,^11,5  =  C,Hj — C^C — 0,11^,  obtained  by  the  action 
of  ethyl  iodide  on  the  sodium-oamp«)und  of  aoeteuy  1-benzeue,  is  a  oolorleaa 
liquid  having  a  den.Hity  of  U.923  at  210  c.  (b'i).8<^  F.;,  and  boUimc  at  201^- 
2030  C.  (3Ua.b0_397.4O  F.>. 


HALOGEN 


DERrVATIVBS   OP   BENZENE 
HOMOLOaUBS. 


AND 


These  componnds  aro  formed  :  (1)  By  direct  substitution  of  the  balof^on 
elements.  Chlorine  and  bromine  act  on  the  aromatic  hydrocarlKins  more 
readily  than  on  the  parafBna,  t-flpecially  in  presence  of  iodine,  which  acta 
AS  A  carrier  of  the  chlorine  or  bromine.  The  action  of  chlorine  is  further 
prnnmted  by  tho  presence  of  a  small  quantity  of  antimony  peutacbluridt*, 
or  mnlybdeniun  pentnchlnrifle,  these  bo<litw  first  giving  np  a  jKirtinn  of 
their  chlorine  to  l!ie  hydrocarbon,  whereby  they  are  rotiuowl  to  lower 
ehb'rides,  which  then  take  up  an  oilditiouol  quantity  of  cblorino,  and 
transfer  it  in  like  manner. 

lodino-derivAtires  cannot  be  obtained  by  the  nctinn  of  ii^'lfue  aloue,  be- 
cause, as  in  (he  case  of  the  iodo-paraffins  (p.  514),  the  anhstltution-pro- 
ducl,  if  formed,  would  bo  immediately  docomposw!  by  the  hydrlodlo  acid 
formed  at  the  same  time.  The  revprse  action  may,  howwver,  Iw  preventtjd 
by  addition  of  iodic  acid,  the  action  taking  place  as  represented  by 
equation : 

5C,n,    4.     21,    4-     IO,H     —    5C,HJ     +     3H,0. 

(2)  By  the  AL'ticm  of  pentachloride,  pentabromide,  or  pentiodide  of  phos- 
phorus on  the  hydroxyl-deriTativos  of  lUo  hydrocarbons  (|fbeiiolB  and  alco- 
hols); f.  y,, 


I 


BENZENE-DERIVATIVES. 


8S3 


OreaoL 


+     P<^lj 


rH,ri 

Chloro- 
toluene. 


-f-     POCl,     -f.     HH. 


(3)  By  the  decompOBitiou  of  subetitut&d  Aromatic  acids  by  heat ;  •>. 


c,n  n.COJl    '- 

Chlorubcnzolo  add. 


CO, 


f   c„n,n 

Chlorobeiixcae. 


(4)  The  halo*;cn-<lerK'ati vi'fl  of  l«'iizenp  may  Ih>  formed  from  ftmidobenseno, 
CgUj.NH,  (aniline),  and  tho  t-hlnranilinirti,  vie,  CgU^C'I.NH,,  for  vxampln, 
by  oxobangu  of  tho  group  Nil,  fur  CI,  Br,  etu.,  tbrnngh  the  mi^diiini  of  the 
<jt>rrt>s[>ondiii)f  diaKO-oompotiuds  (7.  i'.).  This  is  a  very  important  rtiaolfon, 
serving  in  many  canes  to  doliTiniuo  tho  orientatfon  of  the  halogcn-ntoius 
in  tUo  di-,  trl-,  and  tetrn-dcriratives. 


liemzene-derivativeM, 

Chloro  ben  senas. — Of  theso  oompounds  all  the  pOBSible  modifica- 
tions have  beou  ubtaiuud. 

MoDoohlorobenzcnc,  C^H^Cl,  or  Phenyl  chloride,  pr^fi&rBd  by  ehlo- 
riuatiuu  of  lieiizone,  or  by  the  action  of  1*('I5  on  phenol,  is  a  Utjnld  of  spo- 
ciUo  t'ravity  1.128  at  (P,  boiliug  at  1320  C.  (26i».liO  K.),  solidifying  at 
— iijoc,  ( — ttiOF.). 

Die lilorobo  11  zones,  C^niCl,.-— In  the  formation  of  these  bodies  by 
direct  ehloriDation  of  bcnzi'iie,  the  ortho-  and  pnra-niodiflcations  are  alwayii 
formi^l  in  prufureiiro  to  tho  muta  ;  in  fact  tho  latter  can,  for  tho  most  part, 
bt)  obtaitit'd  only  by  indirect  mrtbods,  as  by  exchange  of  the  NII^  in  rhlor- 
anlline  for  CI  in  tho  manner  above  montionod.  Tho  aomu  observation  ap- 
plies to  the  dil)rouiolM>nz4!ne!i. 

Orthtu  (1  :  2). — From  lx?ni<«n«  and  cliloriuo  (together  with  1  :  4),  and 
fh>m  orthoohloropht'iiol.  Colorhfsa  liijnid,  not  solidifying  at  — liP  C 
(—2.20  K.),  Boiling  point  179°  C.  (354.33  p.);  speciflo  gravity  :=1.3728 
at  (P. 

Meta-  (1  :3). — From  metAchlorantUne,  Cg.NIL.n.CI.Hj,  hvexrhangoof 
NH,  for  CI,  and  from  dichlorauilino  (1:2:  4),  C,.NU,.Cl.n'ci,U„  by  ex- 
change of  NHj  for  n.  Liqnid,  solidifying  at  — iMO  c.  (0.4^  F.),  boiling  at 
172D  C.  (341.tP  F.).     Specific  gravity  1.307  nl  IfO. 

Jhra'  (1  : 4),  tho  chief  product  of  the  action  of  chlorine  on  benzene,  iu 
prvsoncu  of  ithlino,  forms  colorless,  monooliuic  c.rv8t.ila,  melt^  at  640  C. 
(12l».20  p.),  Iwila  at  173^  C.  (343.4'^  F.).  Produced  aUo  by  the  a«Uon  of 
PClj  on  parachlon>phenol. 

TrlohlorobenzunoB,  C^H^rij,,  —  Tho  unsymmetricni  motllOratlon 
1  :  2  : 4,  ohtaittcil  by  rbloriuation  uf  benzene,  by  tlie  action  of  I'Clj  on  di- 
chloropbonol,  and  from  l>enzeuo  hexcbloride,  CgU^Cl^  by  alcoholic  polAiih, 
which  rcmovoa  3HC1,  forms  oolorlesfl  crystals,  mL^ts  at  17*^  C.  ((i2,<P  F.). 
boils  at  2KP  C.  (415.40  P.). 

The  tjpnnu-tricai  modillcatiou  1:3:5  (or  2:4:6),  obtained  from  trlchlor- 

19  4  0 

aniline,  C-.NiL.Cl.H.Cn.H.CI,  by  exchxuigo  of  NIL  for  II,  or  from  dichlor- 

1  3       S 

aniliuf.,  C».NH,.n.Cl.lT.n.H,  by  exchange  of  NH,  for  CI,  melts  at  63.40C. 
(14t).10F.)i  boiU  at  20&o  c.  (40G.4<^  F.),  sublimes  at  ordinary  tempera- 
tures. 

The  conMteutive  modifloaliou  1:2:3,  from  triclilorauillne   C^.NH^.CI.Cl. 
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Cl.n,,   orjrsLiIHiEefl    from   aIm^IioI   in    Inrpo   pUtos,   meltft    nt   530-540 
(127.4O-12i».20  FO,  «id  boila  at  218a-21<)0  c.  (4243u42ii.:iO  f,). 

Totr&cblorobeuxeneii,     CjU^Cli- — fJnst/mmrin'caJ    (1  :  3:4:9 
1 :  2:4  :  (j),  from  tridilnranilino,    Cj.NIfj.Cl.ILCl.H.CI,    fomu     colori 
do(hIU«,  melta  at  .MXa-Slo  < ■.  (12:>ci-123.&o  K.),  boils  at  24(P  C\  (474.90 
-—Symmetncnl  (1  :  2 : 4  :  !>),  frciui  beuz«ue  with  chlnrinv,  and  froxn  tritdll 
aniliuo,  CYNH^.n.lI.Cl.Cl.U,  forms  slcmlor  jkswUi's,  mo\\a  at  1370-1390 
(278.Ga-280.2O  F.),  l»ils  at  243^-2400  C.  (46n.40-474.6O  F,).     Ctmsta^ 
0:2:3:4),    from    trichloranilin.,-,    CVNUj-t'l-CUa-H..    crysUUiaes 
needlia,  melts  at  4.00-4000.  (1130-114. bO  p.),  boils  al2540  c.  (4S9.aOF 

Pt»iiiauhlorulit*nspnet  C^IICIj,  from  Iraiueae  witU  olilorinfi,  melta 

850  C.  (1650  p.),  boiU  ftt  270O  C.  (6180  F.). 

H)r!  xchlorobenxenej  C^Cl,  (Julin's  chloride  of  carbon') ^  \9  fnrm«d 
clilorinatiun  of  benzonp  in  presvaeo  of  iwlino,  SGCI5,  or  MoCl^  ;  also 
pasaing  the  vapor  of  chloroform  or  oarKm  dichloriilu,  C'/l^,  through  a  r 
hot  tutte.  Lung,  tbiti,  outorless  prinma ;  m.  p.  2220-220^  C.  (431.1 
438.80  F.)  ;  1>.  p.  332^  C.  (G29.GO  F.). 

^xonio^en%^n9B.^ Mo nofirvnwbemeHetf  C,H^Br,  fVom  hpnzono  wH 
bromino,  and  from  plnniul  with  PBr^,  is  a  liquid  boiling  at  l>lo  ( 
(30y.2O  F,),  aud  haviug  a  density  of  1.019  at  (A 

Dibromobenzenos,  CgII,Br^. — Oirtjct  brominalion  of  bentene  (wJI 
aid  of  boat)  yields  chiefly  the  para-,  with  only  a  email  quantitjr  of  U 
ortbo-mo<lificatiou. 

J\iri{-  (1  :  4>. — Oblainod  from  bentono,  parnbroraophcnol,  audparabroa 
anilino,  mi.'ltsati?i»Oi;.  (11J2.20  1'.),  boils  at  2IS0C'.  (424.4'^  F.),  andyidd 
a  mouonilro-derivativo  melting  at  H50  C.  (ISjO  p.). 

Mtta-  (1  :3). — From  mplnbromiinilino,  CB-NHj.H.Br.n,,  by  exchangea 
^MI,  for  Br,  and  from  dibromauiUne,  C,.NlI,.IJr.ll.Ur.II,,  by  oxehiuigo  o 
Ml,  for  U,  is  a  liquid,  boiling  at  211)0  (\  (42f>.20  F.),  of  spociflo  ^raritj 
1.1)55  at  IS.liO  C.  ((>5.50  F.),  not  solidifying'  At  — 20O  C.  ( — P  p.)  ;  yidd 
two  inououitro-dfrirative*!,  C,n,(NO.j)Br,  ouomelliugat  GIOC,  (141,&^F,) 
tho  otlKT  at  S2.f.O  v..  (ISO.fiO  p.). 

Ortho-  (1 :  2),  from  ortliobromnniline,  and  In  small  quantity  from  ben 
xwno  and  bromine.  Liquid,  solidifying  bolow  rero ;  m.  p.  — lO  C.  (3(>.2i3  YA\ 
b.  p.  223.80  c.  (434.80  p.);  gp.  gr.  2.0^3  at  (P. 

Tr  I  bro  mo  benzenes,  C,FI,Br,.  —  The  wuymmetrical  modifloationSj 
1  : 2  :  4  or  1:3:4,  is  formpd  by  the  artinn  of  bromine  on  beuaene,  anij 
from  ('ither  of  the  thr(H)  dibromobenzenefl:  henoo  its  constitatlun  is  de- 
termined (p.  812);  also  from  benxone  hexbromide,  CgH,Br^,  by  tlie  action 
of  alcoholic  potash,  which  altstracta  3HBr,  and  from  dihromophenol^ 
CVOH.Br.II.Br.il,  (exchange  of  OH  for  Br  by  the  action  of  PBr^).  £| 
uielU  at  440  C.  (111-20  p.)  and  boiU  at  2750  c.  (5270  P.)-  The  *y«»i»- 
/rirtj/ modification,  1:3:.^,  from  lribromaniIin«  rj.NlI,.Br.H.Brn.Br,  meltj 
at  119.50  C.  (347.10  F.).  and  l»nilB  at  about  27S^  (■•  (riJ2.4^  F.)-  The  ron- 
frrti/icw  modification,  1:2:3,  from  tribromauilino  C^.N'U,. II.Br.Br.Ur.il, 
melts  at  87°  C.  (ISd.UO  p.). 

Tetrabromobenzenes,  C,H2Br,..^C7ru3niiiiie(riotif,  1:3:4:5,  froifl 
tribrt>raoplienol.  C,.OU.U.Br.Rr.Br.IT,  also  from  the  rorri'spomling  tribronv 
aniline,  and  from  tetrabromaniline,  forms  oolorI<.«s  orystals,  melting  al 
J)hO  c.  (2)tS.40  P.).  The  itifmmrtriral  raoiliOcatiou  1:2:4:5.  from  U*uieni 
with  Imimine,  forms  colorless  neudles  melting  at  137O-140O  C.  (27S.6Cm 
2t^W  K-). 
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Pi^ntabromobenzone,  CjHIirj,  obtainod  bv  th«  bromiiinliOn  of  beli- 
ke, forms  rolorlees  ntiedlits,  aubliming  without  deoomposilion,  racUine  ftt 
ml  24tP  C.  (4640  P.). 

Hexhromobonzene,  CiBrf,  la  formed  by  the  action  of  bromine  on 
i«   ill  sunshine,  or  hy  heutiug   bi'iizt'Ui*  with   bruuine  ranlaiiiing 
aUo  from  iotrabromethane.  CBr^,  in  ctmall  qaaiuit/  by  diHtilla- 
m,  in  largor  quantity  by  hmting  to  3tKlO-400O  C.  (5720-7520  K.)  iu  a 
klott  tiiWf.     R«iM*tiublHS  hexchlonibenzenu  ;  rauLts  at  a  tt^m^ifrature  abor« 

C.  (5720  K.). 
It  will  be*  suun  from  the  nbovu  that  oil  the  bromobenxentifl  &r«  known  ex- 
sjjt  citnA>><<utivo  ttitr&tiromubtjuzeiit}. 

lodobenzenes  are  obtained  by  heating  benzfine  irlth  iodine  and 
iodic  ftri.l  to  2(H>O_:i40O  c.  (:W20-4WP  K.)  ;  by  th.-  a«^tinn  of  iwline  and 
phrwphurus  i>u  phenol:  by  treating  bitver  IxMizoute  with  ioiline  chlorido ; 
and  from  anilinu  and  the  iodanilinea,  tiimilarly  to  tho  chlorine  compounds. 

Cgiy  is  ft  colorUsfl  liquid,  boiling  at  1850  C.  (3«BO  ¥.):  Hpeclflc  gravity 
l.tfi*. 

r.llj,.— /br.i,  Umin»;  m.  p.  1270  C.  (2Gn.(p  F.),  b.  p.  277^  C. 
(53o,(P  ]f\y, — .]/ria.  Large  shining  laminiD  r«fu*iubliug  iiaphtlialcne  ;  m.  p. 
40.40  c.  (1(14. 70  v.):   U.  p.  !iti4.7^  C.  (.VW.50  F.). 

Ca^i^'  NtiodtuH  mulciug  at  7tjO  c.  (1(18.80  p.^,  and  volatilizing  without 
decumpodiliuu. 

Flnobenxene,  C,H-F,  obtained  by  heating  calcium  flnotionzoato 
with  «l;ik"d  linif,  is  a  ncaly  orvslalHno  muss,  mulling  at  40"  C.  (1U40  F.); 
boiiB  at  l»0O-183O  C.  (3r>(iCL-3til.40  F.>. 


Tolutne  derivatives. 

These  oomponnds,  aa  already  observed,  exhibit  mctameric  modifieaCiona, 
aonording  aa  the  repiaoemont  of  hydrog<'n  atuiuii  (akefi  place  in  llie  princi- 
pal or  tho  IfltLTftl  chain  .  and  inomi-ric  TriiKiillcationK  ilrlrnninf*!  by  the 
orientation  of  the  tiubstituttxl  radiclua  in  the  bunzeue-riug  or  prinuipal 
cliain  (p.  813). 


Cblorotolaenes , — Of 

metuuivrio  uiutlinoationSf  riz.:— 

Ohio  ro  toluene. 


monooUlorinatod   toluenes    there   are  two 


r,n  rn,ri, 

Bcnzfl  oblorlde. 


the  firflt  produced  by  tho  action  of  chlorine  on  toluene  at  ordinary  tempera* 
turea  or  in  presence  of  iodine;  the  aeeuud  by  tho  action  of  chlorine  on 
boiling  toluene. 

Chiorotoluene  or   Tolifl    Chloride^   C,H^<[^I  *,  admits  of  throe 

isomeric  modifications,  according  to  tho  relative  positions  of  tlie  chlorine 
and  tho  methyl-group. — /bruc/i/wo/o/umi!,  C,.CH,.U.H.Cl.Ilj,  the  chiof  pro- 
durt  formed  by  tlie  action  of  chlorine  on  t4>tnene  nt  ordinary  tem^wrntures, 
la  a  liquid  solidifying  at  ("O,  melting  at  1J.50  C.  (43. 7^  F.),  an-l  l>niiing  at 
IGOO  (.*.  (:i2UO  K.).  ^y  oxidaliun  with  nitric  acid,  or  with  vhromie  acid 
mixture,  it  ia  converted  into  parauhlurolMinzoic  acid  : 

0. 


C.H,C1.CU,    H- 


=«   c.n^a.cOjH  +   HjO. 


Orthochlorotofuene,  Cg.CIIj.Cl.H^,   producwl  in  small  quantity,  togel 
ith  tlio  para-c4jmponnd,  iA  a  lii^uid,  Uiiling  at  IfiGO  c.  (312. 80  F-}, 
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hautoia  acid. — jMMliiWf'^'  ixxjm 

|iarat»lul«iluu,   C-.Cn,.H.C'l..^li,.ii,,    i./  •kriian^c   ur   ,Mi,  [or  U,  Mid 
Tt<rtv<l  hy  uxUlalluu  into  metAomurubensolc  add* 

n*ntgi  ckiorittf,  C.H^.CH/:'!,  olrtaiuv«I  br  tbf  '  oU4 

hwillng   u>Uifnt\  iktid  of  Vcij  ou  bcui/1   ttlnnhol,  O.li  m 

whioh  irivf"*  off  iiiAr-t^xHliiig  vapors,  and  UtiJs  at  17 
oASlly  oxtihuiK<«   iU  clilnriiifatiiru   by  double  d**oci 
»«'rt«Hi  into  Atvt&to,  cyauiilf.  rU-.,  by  tn-.*'""  "'    ■»  ■ 
ixitAShiinn  9»ltn.      It  yiol(i«  U'nxuio  acid  liy  • 
iX'xUii^  with  WAWr  uid  luad  nitrato  into  U  i 

or  4/iejk/«po<«/««ti«r  C,U«C1,.  th«r«  »r«  three  metJun^i-idM,  vU. 


Olehlorotoluene. 


Cblorobeuxyl  oblorlllA. 


c.H^.ciia,. 

BcuAAi  ehiorJdc. 


The  first  lutmilfl  of  six  isomerie  modlflofttioiu,  but  onljr  one  is  known,  Tts., 

1  s    4 

C,.('»,.H.C!.C1.II,,  which  U  aliijuid,  boilins  nt  1900  C.  (3S4.80  F.)»  fimiv-l 
\>y  chliiri  nation  of  toluene. — fA/oro/wnry  vhloruU  nrlruits  of  tkrc**  !*<»■ 
luoriricw,  ono  of  whinh  is  a  liiiuiil  iioiling  at  'JI3Q-2140  c,    (415.40wJi7.2;' 

F.). — ti*n:nl  fhlurutr   (also  vnil«««l   chlfiuUuzni )  is  fonu«^i    by-   tJii;   ActinQ  u< 

chlorine  mi  Ixjiliug  toluonr,  and  from  ln'iiaaltlehydo  (biltt-r  aIuh"-  '    -'^    » 
rci^.     Liijutd  liaving  a  pungent  odor  ;  ap.  gr.  l.*2!ir>  at  lU^  C.  i 
hoils  at  2iHP  C.  (4U2.^o  f.)  ;  cuuvurttid  into  benxaJdeh^'de  by  hv 
wator  to  acto  c.  (6»o  >•.). 


Trif A/ornfo/uenejt,  C,U^Clj 


c,n,n,cH, 

•  ItomerlUci. 


C,II,Cl,.CH,Cl 
fl  Isomcrldei. 


c,n,ci.cnci, 

S  laomerldea. 


THuliloroMufnc,  C|H,C1,.CII„  obtained  by  chlurin.ition  of  tolneiie,  jbrmi 
oolurluu  cryBlalei,  molu  at  70-^  C.  (IOS.Bo'k.),  buiU  at  23&0  c.  (45SO  p,). 

18     1 

'^Piddorubfotsyi  chlorije,  C,.(CII,Cl).U.Cl.Cl.H,,  la  ft  liquid  boiling  a|  S410 

C.  (466.80F.) — Chlorobfinial  chftn-ifle  (pfim),  C^.CCUCOj.H.H.CI.II,,  loils 
at  2340  C.  (453.20  V.).—BansotrichiorUie,  C^Hj.Cl,,  fomiod  by  heati,,^  \^a- 
aoyl  chloride,  CjUj.COCl,  with  PCU,  boUa  ai  ZVi^^2\A,o  c.  (415.+- 
417.20  F.). 

Of  tliu  highur  ohlorutoluoncs,  Bomo  aro  liquid,  some  solid,  nt  nrdinary* 
t4'mpi^ratures.  Tli"  inultiu);;  and  boiling  points  of  tho  knovnx  modifioAtioiis{ 
aro  given  in  tho  following  tablo: 

7e(rucA/orof p/ttrne,   C^II^Cl^: 
C,HC1,.CH, 

m.  p.  91-9°  <J.  ( lOA^l&T.ftO  F,) 

b.  p.  alio  C.(A19.83  P.).  O.  t6lB.go  p  , 

Ptntachiorotoluenea,  C,n,Clj: 

(;,a,.cii,  c.HCi..cu,ci 

n.p.  218^0. (4aiopj;         <llq.  b.  |>.9»0^C. 
b.p.3Ul°0.(1T8J»''r.). 


cji,ci,.cn,n     c.HjCi,.cnci,  c^n.ci.rri, 

Uq.  h,  p.  3730  llq   b.  p.  ZST®         llQ.Vp.  34»» 


U.  t4M.So  V.) 


HtxehlorotolueneMf   Cyli/n,: 


c.CK.cim 

m.p.  laVO.  (287.40  F.) ;  b.p. 


c,n,a,.oucL 

llq.b.p.»oo-28{o 


c,nci..cHa, 

llq.  b.(..  M.-io-aoe^O. 


UXDROCARBON    PER1YATITE8. 


827 


C,Cl..CHCl. 

m.n.  I09M'. 1288.2°  r.)\  b.  p. 

M4»  u.  (eaa^  K.). 


c.Ha..ccu 

11.1040  c.  (3jo.a«  p.)  i  b.  p. 


ton  an  Kttpxnpt  is  ma<ie  to  replace  the  last  hyitmgpn-atom  in  tolnonu  by 
Heblurini*,  tliL*  rooli'cule  splits  up,  and  pcroMorvUMizcu«  is  prudaoed. 

Bromotolaen«B.  —  Mono-,  C,n,Br  ^^  C|H,Br.CHa.-"The  orth(>- 
aiiil  jinra-incxliOcatiuiui  ar«  formed  by  tUu  action  of  brouinu  on  loluidine; 
and  nil  tbu  three  modiflcationH  from  the  correttpuuding  smidotolucnutt  (tol- 
uitliueu)  by  beating  the  diasoperbrouiidt-it  with  alooliol  (aou  l>iA]k>*coM- 
P0UKD8). 

Orfho-     Colorlws  liquid  :  8p.  gr,  1.4«il  at  180  c.  (G4.40  p.)  ;  b.  p. 

182C*-I8;P<:.  (3MMiO_3G1.4<^  v.). 
Meta-    Colorlf^B  liquid  ;  sp.  gr.  1.4009  at  21°  C.  (Gfl.BO  F.) :  b.  p. 

1»4M  C.  (30;{.i!O  F.)- 
Btra-    Otlorlewi  crystaLa  ;  m.  p.  28.50  c.  (H3.aO  F.)  ;  b.  p.  1850  C, 

(3660  F.). 

Brmtfl  hromuie^  CgH^.CHjBr,  obtained  by  brominatlon  of  toln**ne  at  the 
boiling  hfnt,  and  by  tht<  action  of  hydrobromic  acid  on  bciixyt  ah'f>)iii|,  is 
a  liquid  which  gives  olf  a  tear-c'xciling  vapor,  haa  a  Hp.  gr.  uf  1.4^  at 
220  C.  (71.t)0  F.),  and  boiU  at  2U10  c.  (393.80  F.>. 

Dihromotoluene^  C|HjBr,.CHj,  ndniitH  of  hIx  Uomerio  modifications, 
all  of  wliich  are  known.  C„.Cilj.Br.H.I*r.ll,  (1:2:  4),  obtaiuod  by  direct 
bromination  of  toluene,  cry»tallizeit  in  needles;  melts  at  lOTO-lUbO  C. 
(234.(A-226.40  F.)  ;  boiU  at  24.V^  C  (473^  F.).  C,.CH,.H.Br,Br.H,  (1  : 
3  :  4),  formed  by  tlitf  artion  of  bmniint)  in  presence  of  loilinu,  and  in  stin- 
ahinr,  ia  a  liquid  boiling  at  24tP  C.  (4^°  F.).  The  oilier  four  modifica- 
tionis,  whose  boiling  poiiiU  lie  iH-twten  2370and  24tP  C.  (4ij8.(iO-474.80  F.), 
two  liquid  and  two  solid  (m.  p.  42.5-'  and  GO-T.  (lUH.50_l44tO  F.),  ara 
obtained  from  bromotoluidines,  througk  th«  medium  of  the  diaio<ooiu- 
pouuds. 

Bensal  bromide,  rjllj-CIIBr,,  formed  by  treating  bitter  almond  oil  with 
FBr^,  is  a  liquid  which  decoinpoaes   when  dintilU^l. 

Monoio  dotolnen  es,  C4II4l.Cn,. — Tlie  orMo-  and  m^n-mfuVili- 
taiionii  arr  coliirlcsa  liquids,  ihu  formt-r  boiling  at  2(»5^  C.  (401O  l?.),  the 
latter  at  2^10  c.  (404.^  P.).  fbra-iixhtolttfne  crvataUlseB  in  shining 
Itiminip;  melU  at  3WC.  (950  F.)  ;  bnils  at  2110  0.  (411.8<^F.).  All  Ihree 
give  by  oxidation  the  oorreapondlng  iodol»enzolc  acids. 

Henttfi  iodiite,  CflHa-CH,!,  formed  from  the  rhlnrido  by  llio  action  of  hy- 
driodlc  acid,  melts  at  24P  C.  (75.20  F.),  and  deoompoaes  when  sabllmed. 


i)«rirafipet  of  ike  ffydroearbon§,  C'^^J^^, 

Cthylbro  mo  benzene,  C^HjBr.CjM^,  formed  by  tho  action  of  bromine 
on  fthvl-bL-nKcm-   at   ordinary  teni]>erature8,  is  a   colorless   liquid,  boiling 

at  moo  c.  (3740  y.).'-'nro,Hfihff[-r,et,zfnp,  c^nj.riTRr.cn,  (or  c.iij.cii,. 

CHBr),  and  the  corresponding  rfilttridr,  forrncd   by  the  action  of  bromine 
or  chlorine  with  aid  of  heat,  are  liquids  wlilch  docoinjKiAe  when  di»tilb 


HALOID    DKtilVATIVBfl. 


I 


cliloride,  hitilM  yr'nU  ]M>ta«(tinni  r/AnMeand  aJonbol^  |«  <mnT«>rt?4  )i 
tttrn^IHimJind;  cy/i^nV/r,  i,',U4.CU,.CH,(CN>,  a  ootorlrfis   liquid,  bwili 

at  Ztil^  C.  (&Ul.»tj  K.>.  li»ving  a  »p.  gr.  of  1.0014  »t  l^o  C.  (64.40  F.), 

forming  ihe  ohic^f  oonslituful  of  oil  of  w&t^r-crL>!aa, 

Mataxylyl  Chloride,  ''t^^<CcHVl  *  <^^*^'^>°*^   ^7  ^«  actum  of  ehlo* 
rine  on  biiihug  mctaxylcnc,  U  a  colorlcfis  liquid,  boilinc^  at  I9&0 
*>- 

Monobronometazylene.  C«.nr.CH..H.Cn,.H„  from  meUxvlfnokud 

WMUiin.-,  l-ul»  lit  :;i4--::u50  c.  (MKO.L'O-JoI^  F.).— An  isomori.-  wimt^iiml 
(I  :  3  :  ft),  fnrnird  hy  the  iicti<>»  of  nitmuR  arid  and  aK-(>hoI  on  bramois*- 
Uxj'liciim',  i»  a  liijuid  lK>iting  at  204<^  C.  (31)^.:2P  F.),  not  solidify  iugalSL*' 
C.  (G8^  K.),  and  liavjug  a  sp.  gr.  of  l.atj2  at  ^lo. 

DlbTomometazylena,  r,U,Br,(CH,)p  from  meUxjrIrne  and  brvm»in«ij' 
forma  oi>lorU«8  flhiuiiig  cr^'slalliim  flualeti,  m.  ji.  72^  C.  (ItJl.fjC)  F.),  b.  p. 
SS5(iO  C.  (4»2.fe'^  F.).      Tctrnt»rotH*metajrtflrnr,  *',iii;«(<'H,),,  forms  |f»iig  BlAudtfC 
nowU.w,  dlightly  »olubl«  in  aloohol,  molting  at  1U\0  C.  (4ti5,SP  F.>. 

Bromoparaxylene,   C,ll,Hr(rH3);,   fntmti  oolorless    sLinlni;    table* 

m.-lUnt   11>^C.  (.M»^  K.);    lH>iU   at   2<MJ0  (*.  (3920  F.).      OihrnmofjamxyUt 
mtrlts  at  71.'-'  C.  (161. (j^  F.),  and  reacuibltiS  the  mKtA<<»nipouiid8   in 
other  respwtd. 

ToUylene  chloride,  r,n/rH,n)„  and   ToUylene   bromide, 

rjnjCLHjHr)^.  foruiL'd  by  tli«  flflion  of  chlorino  or  broQiin*^  on  l«,>ili 
paraxylone,  rrystalliiiw  in  eolorlt'i»t>  Uminm.  Th«  cliloridt*  uiolts  at  10(' 
and  boils,  with  partial  iipi5oiiip(isition,  at  240O-2.')1P  C  (^(vlO-^fiS^  p/ 
tlio  bromido  raclLs  at  145^^1470  C.  <29;P-2!>t!.60  F.).  Both  oompoumi 
whf>n  trrattnl  with  potasKtum  cyanide  iu  alcoholic  solution,  yield  toll 
lune  u/auido,  CsH^CClig.CN),. 


I 


CTAirOOKN-DBHIVATIVBS. 

Cyanobensene,  r|Hr,.CN  (HenzonitrH,  Phmjtl  Ct/anide),  is  formed,  like, 
th«»  nitrils  of  tliw  fatly  jjroup  (p.  537),  liy  dehydration  of  ammonium  Wi 
Eoate,  r^H.Oj.NIlj,  and  by  dialillinp  the  potauBium  ftalt  of  bt^nxt^neaol^ 
phonic  acid  with  potaflsium  cyanide  (or  tlic  dry  ferrocyanidi*) : 

r.H^.SOjK    4.     KCN    =    SO,K,    -f     C^HjCN ; 

also  by  heating  phonyl  isocyanide  with  metallic  copper,  and  by  other 
artions.     It  is  an  oilv  liqnid,  (fraellinff  lilte  bitter  almond  oU,  having 
dennity  of  1.023  at  OO,  and  boilinff  at  1910  C.  (375. ft^  F.).     U  unites  witi 
the  halogen-olcmnntB.  thf*  haloTd  aoi<l9,  and  hydrngon. 

8ubf»titatwl   b'-nzonitrils   are  obtained  by  dehydration    of   ^nbetitnt 
Iwnxaniidtw,  c. /;.,  C,H,Br.rN,  by  the  action  of  phosphoric  anhydride 
bromobenKamlde,  Cgn.Br.CONH,. 

Phenyl  Isooyanlde  "r  Phenyl-carbamine,  0-^N — CjHj,  i<u>inerie 
with  iH'nzonitril,  is  formed  by  di»tilliii>;  aniline  with  chloroform  and  aloo- 
hoUo  potash  : 


C,Hj.NH,    +     CHCl, 


3UCI 


NITBOBENZENBS. 


It  is  B  liquid  h&Tiog  a  Strong  smell  of  prtusio  acid,  and  boiling,  with  par- 
tial duecmpo«ition.  at  107'^  C.(332.60K.)-  It  >»  dichroir  ;  Muo  by  r«- 
flected,  grt^'Q  hy  tranflinitt*^!  light.  It  i^  not  (tlt^irtsi  by  nlkalii.fi,  but  acids 
oouvvrt  it  into  auiliiiu  aud  furiuiu  acid.  Heated  to  20(P  C.  (392'^  F.)  it 
ohaogos  to  b«azonitriL 

Cyanotoluene,  CgHj(0').CH,.  Tnluonitril. — ^Tlie  thr<!e  iitnmorio  modi- 
flcatiunit  or  tliis  uompotind  arti  foriiittd  by  treating  the  re8{H^ctiVM  tolybsul- 

phooarbimides,  N  -j  /.  ..    p.r    ,  with  fiuely  divided  cupp«r,  which  roiuovuu 

the  sulphur,  or  by  ditttiUing  the  potosainxu  salt«  of  the  corruspondiog 
tuluenedulphunic  adds  with  potaanium  cyanide: 

OrtMo^-^'oloTleaa  liquid,  smelling  like  nitrol^nzeut*,  boiling  at  2CI3<^2(V40 
C.  (;W7.(*0-39».20  F.).  /trrrt.— t'olorh-sB  uwdlcfl.  nwllitig  at  28. 50  G. 
(83.20  F.);  boiling  at  21bO  c.  (•L:4-^  h\).  Meta.—^ioi  yet  obtained  in  tho 
purt)  Htale. 

Benzyl  Cyanide,  C,H^.C1I,.CN,  constituted  the  principal  part  of  tho 
Tolatiki  oils  of  the  garden  uaJitunium  (  Trofuzium  mri/iix),  nnd  of  iho  gardf>n 
creM»  {Lrpiifium  sa(irum),  aud  is  product*d  arlitit'ially  by  heating  benxyl 
chlrtridrt  with  alcohol  and  potasaium  ry&ni(li>.  ('olorltTfls  liquid  boiling  at 
a3:i>^  C.  (-Wfl.tfO  F.>;  apociflu  gravity  1.014b  at  lH'^  C.  (Gi.*^  K.). 


NITRO-DEHIVATIVES. 


the 


These  bodies  aro  easily  fnrmud  by  the  action  of  cuncentratod  or  fui 
nitric  ficid  on  K>nzrne  and  its  homologues,  the  sulutiiution  of  the 
gnmp  fur  hyilrogun  taking  plaoe  in  the  beU£L*uu-nueluus,  never  in 
latural  chains  ;  e.  y., 

C.Hj.CH,     +     KO,U     =    C,H^(NO,).CH,    +     11,0. 

Ou  (muring  the  product  into  wfttor,  the  nitro-coiniHjuud  Ht^parales  out, 
gencratly  in  tho  form  of  a  thick  yellow  or  orange-ct»lor«il  oil.  The  mora 
liij^Uly  nitrated  derivatives  aro  must  easily  obtained  by  the  action  of  a 
mixtuf«<  of  1  part  uf  iitruri^  nitric  acid  aud  '2  porUt  of  strong  Hutphuric  ucid. 
Thu  aromatio  nitro-compounda  aro  mostly  of  a  yellow  eolor  ;  a  fnw  are 
liquid,  the  rest  orystaUine  solids.  By  hydrogen  anlphide  or  ammooiura 
sulphide,  and  by  Btannous  chloride,  they  arc  re<lncod  to  amido-oofn|H>unds  ; 
by  sodiam-amalgani,  or  by  heating  with  nlonholic  potash,  toazo-oomponnds. 
They  may  also  be  converted  into  amidu-compoonda  by  heating  with  bydri- 
odio  aeid : 


au  NO,   4- 

Nitrobenzeoe. 


cm  = 


C.IT.NH,    + 
AnUlnc. 


211,0     4-     31,. 


Nttro  b  enzonoB. — Monnnitrobensene,  C-n^(NOj),  fr>rmedby 
pruduftlly  lubliiig  U'useno  to  strong  nitric  acid  in  a  onoled  vessel,  is  a  light 

odor,  Ijoiling   at    2210  0.(4280 
l.att  at  OO. 


y»nlow   liquid,  having   an    aromatic 
solidifying  at  +  30  c.  (37.4^  F.) 


Sp.  gr. 


»^0, 


Dinitrobonxenes,  C,H|(NO,),.-*The  thr«e  modifioaCionii  ar«  fnnnccl 
[uther  by  dropping  beuzone  into  a  luixiuru  uf  2  vols,  strong  sulphuric 

70 


Ui 


^Ai 


MITRO-DKBIVATIVBS. 


Atid  1  vol.  -vtiTf  strong  nitrio  aoid  ;  and  on  crysLallUing  the  product  bl 
alofthol,  Ihe  tueUiHx^uipuund,  which  uonatitutva  by  far  liio  largual  portu 
separatus  out,  wKilu  the  other  two  remain  in  solation. 

The  orrAo'Oompound,  which  forma  the  smalluftt  portion  of  the  prodtv 
cryatallixes    from    hot  water  in  long    n^t.-dh'Sf  ni<>lting^   at    IISO  C.  (244,- 
V.)f  BuluUn  in  2G  part«  of  alcohol  at  'Z4P  C.  (75.20  y,^^  g^^^  ^  3 
boiling  alcohol. 


1 


Thti  »f^((i'Compound(ordia&ry  dinitrobeniene),  forms  long  rhombic 
melting  itt  yy.SOC.  (1H4.2^  K.),  soluble  iu  17  pftrla  of  alcohol  at 
(75.2^  P.),  and  in  all  proportions  of  boiling  alcohol. 

The/wra-oompnuud  forma  fan-shaped  groups  of  monoclinic  prisms,  mol 
ing  at  ino-112^  C.  (3a9.&;:u347.b^  F.).  Mpwingly  !k>liibl«  in  aloohoL 

Trinltroben»en«,  C^HjCNO,),,  formed  bjf  heating  metadinitrob« 
xene  with  a  mixture  of  pynHiuIpliuric  acid  (p.  Id?)  and  vvrv  alrong  nil 
acid  in  sealed  tubus,  to  13^)^1400  C.  (:itJtiO-2WO  F.),  crjr'btallixes  fnj 
alcohol  iu  whitf)  huniitte  ur  fern-like  groups  of  ntH^^dleii.  It  melts  at  !;£]( 
1230  c.  (249,t*0_251.t)0  F.),  disBolvea  spjiringly  iu  cold  alcohol,  eaailj-  i 
hot  alcohol  and  uttx^r. 


fund 


Nitro-haloid  Derivatives  of  BeiueiiQ. — The  action  of  nitrio 
or  a  uiixture  of  nitric  and  Bulphuriu  acids,  on  lh*t  chturo-,  broroo-, 
iu<lo-beu;denes,  givf.s  rim-  to  pnra-  and  orLho-mounuitro-diTivativtsa  of  th 
haloid  conipoundr^,  tho  former  being  always  produced  in  gruatt^st  abumj 
aiice.  Th«  same  products  are  obtained  from  the  corresponding  uitraniUne 
t'-Hj.N<>,,NH;j,  by  ••xchangeof  the  NH^fort'l,  lir,  or  1,  through  th«  incMljii 
of  the  diaz(»-cumpounda.  The  mota-oomp<nind!!  are  obtained  in  like  ninnno 
from  melanitraniline;  metanilr(K-hlorol*euzcnc  also  by  passing  chlorin 
into  nitrolH-riKfiie  mixed  with  itHliih',  or,  bettL-r,  with  SbCl,. 

The  following  are  the  melting  and  boiling  points  of  th«  isomeric 
xtitro-,  chloro-,  bromo-,  and  iodo-liensenes,  CjH^X(NOj: 


C,H,Br(NO,) 


I 


MeltlQg  Points. 

(I  :  3)                                 (1 :  S)  CI :  4> 

32.50  c.  (  PO.50  F.)  44.4'"->  C.(lll.I>o  F.)  830  c.  (lfil.40  p.' 

41.50  c.  no«.70F.)  r>«0  C.  (132.80  F.)  1260  C.  (2aH.&o  F. 

49.40  c.  (12().90F.)  -MP   C.  (  9(3.80  F.)  171°  C.  (339.80  pj 


Boiling  Polota 
<!:«)  (1:»»  (1:4) 

C,n,ri(NOj)  2430 C.(4<W.40F.) 2330c.  (461.40F.)  242Dr.(467.60F. 
C,H,Br(NO,)  261^C.<501.8OF.)2fl6.ftOC.(493.7OP.)  256-tiOr.(4»l  ^ 
C,U,l(NO,)        280OC.    (53tPF.) 


60F.J^ 


These  numbers  show  that  thft  para-deHvatires  have  the  highest  melting 
points,  and  the  orthonlorivativMs  for  the  most  part  the  lowest ;  the  r^-la 
tinns  iH'tweiMi  the  Ixiiling  points  are  1i»sm  rei,'ular.  The  nrtho-  and  para- 
otmiMtumls,  heated  in  sealed  ta1te54  with  aijueous  potash,  are  convi*rt»*d 
into  the  corresponding  phenols.  C^HjCLOU,  etc,  whereu  the  muta-oom- 
pounds  do  not  exhibit  this  transformation. 

Si trofilcfiforO'  ond  NitrodibromobenieHPS ,  C,Hjn,(NO,),  and 
r|llgHrj(XO,). — These  cnm|>oands  are  all  rrystalUue,  and  molt  at  the  tem- 
peraturua  shown  la  th«  following  table :— 


NITR0T0LUENE8,    ETC. 


an 


C,U,Br,(NO,) 

•2 

.2 
3 

■3 
2 

4 

5 
5 
4 

0 

.     .     (Jl.eoC.  (142.90P.) 
.     ,     85.40  C.  (185.70  F.) 
.     .  104.50  C.  (221>.10F.) 
.     .     68.0"OC.  (137.aoF.) 
.     .     82.GOC.  (180.70  K) 

C,H,Cl,(NO;J 

:  4».  .  32.20C.  (  90.CIO  F.) 

1:2:5    .  .  fifi.OO  C.  (131.1*0  F,> 

1:3:6    .  .  66.40  C.  (14^.70  F.) 

1:3:4    .  .  43.UO  C.  (10».4O  F.) 


X>iiiirrocA/orofr«]a<«ii«,C,.Cl.NO,.U.NO|.H„  formed  by  treating  either 
(1  :  2)  or  (1  :  4)  clilorutHniii«ae  with  a  uixturc  of  nitnu  and  aulpliiiriu 
acida,  and  from  the  correaiHjnding  dinttrophi'Uul,  CjH3(N0j)j.0H,  bv  tin; 
actiuii  o(  VC\,  cryblaUizeB  iu  priumi)  meltiug  at  03,4*^  C.  (128.10  p.). 
CjCI.U.NOj.NOj.H,,  furmed  iu  liko  uuinui-r  from  (I  :  3)  iiitr(H:liloroU!n- 
at^ne,  exhibits  dimurpbous  luodmcatioua  baviug  differtiut  uitilimg  puiiiUt — 
3G.3Ci-38.80  C.  (a7.3C^101.8O  F.)- 

Ifinitrobromohenzene ,  CgHgBr(NO,),,  is  known  in  two  intidiflcationB 
analuguua  tu  the  cblurinuHximpuundii  jiut  dvsc-nlMML,  nnd  obtainF>>d  in  Ukn 
manner.  Both  are  urj'slalline  ;  (1:2:  4;  melts  at  75  3^  C.  (1G7.&^1'.); 
(1  :  3  :  4>  at  69.4PC.  (l38.»o  F.). 

Oinitroiodobenzene^  Cj.I.NOj.U.NO,.H,,  from  para-  and  ortho-iodo* 
nitrvibitnsene  with  nitro8utpburio  acid,  fonuH  largu  yellow,  transparent 
plates  or  prisms,  mcltiug  at  88.50  c.  (19L).!>o  F.)- 

Another  inodiAcation,  Cj.I.NOj.H.H.H.SU,,  formed  ttimaltaneously  with 
the  lust,  oryHtalliztfH  In  trausparuut  urauguculored  rhumbio  tableB,  melting 
at  113.70  C.  (230,70  F.>. 

rri«i/rocA/i>ro5e«rentf,  Cg.Cl.NO,.H.NO,H.NO,(Arry/rA/or»rfe),  from 
picric  ftcid,  CH,(NO,),.OU,  with  Pt'I^,  foruA  ntiodlpn  melting  at  830  r. 
(181. 40  F.J,  and,  like  picric  acid,  forms  orystalline  compounds  with  many 
hydruoarUins. 

Nltrotolaener. — Ihra-  and  ortlumitrotuiueHe,  C,n,(NOj),CH„  aro 
forui^id  by  treating  toluene  with  fuming  nitric  acid,  and  may  In*  tte]iarat«>d 
bv  fractional  distillation.  The  former  cryittaUixes  in  nearly  oolorlebi} 
pri^rns,  melts  nt  540  c.  (129. 20  F.),  and  N.iU  at  2;t«0  c.  (4riO.HO  p.),  Tho 
latter  ia  a  yellowish  li<i«id  boiling  at  2220-2230  C.  (437. 00-433.40  F.). 

Afetanithitoiae.Hf,  obtained  by  the  action  of  nitrous  acid  and  alcohol  on 
motanilroporatfiluidine,  C,.CUj.H.NOj.NH-.H„  is  orvstalline,  melt*  at 
ItfO  c.  (00.80  F.),  and  boiU  at  23UOl-2310  C.  (44tP-447.80  F.). 

Dini  trotoluene,  rj.CIl3.N0,,.H.NO,.U,,  formed  by  lr#*Rting  tolnene, 
or  ortho-  or  para-nilrotoluono  with  nilro-sulphuric  acid,  cryatnlliaLcia  in  long 
colorless  neislles,  melting  at  70.r»O  (!.  (159. 70  F.)-  Another  uuKliGcatiou, 
obtained  in  like  manner  from  met&uitrotoluene,  molts  at  OOO  C.  (140O  F.). 

Trinitrotoluene,  C,H,CNi.\),.rnj,  nbtained  by  prolonged  heating 
of  a  Holtition  of  toluene  in  nitrn;*ulphnric  aoid,  fonns  nearly  colorleHS 
needleii,  »lightly  soluble  in  alcohol,  meltiiig  at  820  C.  (179. fiO  F.). 

NitTO-etfayl-benzflne*,  C^H^CNO,) — C^H^  (ot/Ad- and  paro'),  are  formed 
;ftimullune4JUEilv  by  the  aetioa  uf  fuming  nitric  acid  on  ethvl-bcnzcnc.    Both 

re  liquid,  the  former  lioiliiiR  at  liJ70-22ftO  c.  (440.(;o_442,4O  F.),  the  lat- 
at  2450_'i4f?3  C.  (473CM-4.S'J  F.).     With  tin  and  hydrochloric  ucid, 

ley  yield  li<juid  bni*e«,  oneuf  whirh,  via.,  param{do-et/ti/ihenzenr,  C,H,(Nll3). 

,1!^.  is  also  prtjdncod  by  heating  the  hydrochloride  of  ethylauiline  to  30UO» 
330O  C.  (6720_U2«o  p.). 

■  N0|  In  the  poiltloD  1,  In  nil  the  formula. 


I 
I 


I 


831  AMIDO-DSftlTATITSS. 

botU  St  2»«:^^-2J7=>  C.  (453.2P-15g.dO  F.).  a^  doM  i 

ing  mixtttiv. — i>BH(npBr«urylatf,  CJ&^SB^JCB^ 

thlt  eompoand  are  f(irm«4  simnlUiieoasIjlir  toe  a 

acid  on  paraxTlene,  the  leu  fiolnUe  in  alcohol  off  th*  t!»o       _ 

thin  neodlei  wUing  at  1:S.53  C.  (2M.3P  F.),  vhile  th^  othor,  lAiA  J 

more  soluble  in  alcohol,  fonni  Ui;ge  nmwK-Hnir  ci7«tela  ■Miltiii||  at  t9E>( 

(]9».-t0  F.). 

Trimiiroparaxylau,  C«H(NO^,(CH^s,  fonns  kng,  eoloricM  weeJlM,—! 
Ing  at  13iO  C.  (278.60  p.),  nfcodetately  aolatale  fn  hot,  apttria^^  !■  ool 
alcohoL 


mtromaiitylane,  C«II,(N0^(CH,)3,  fonna  nearir  eoloriaH  priM 
ewilj  BolaUe  in  alcohol,  melts  at  4SP>  C.  (107.0^  P.).  boils  at  £Uf>  i 
i4&lo?.).^DimHromaityUme,  CsH(NO^2(CR0r  Slfndcr, eoloriaM,  hrOUai 
■aedleo,  melting  at  8(PC.  (186.90F.).  rnwln— iwifaUff,  <W^O^CBA 
Needles  very  slightlj  soluble  in  alcohol,  mriting  at  ^32D  C.  (449.60  F.jT 

mtropaeadocnmene.  C,nt|(NOx),  forms  long  needlea,  eaaffy  aolaU 
In  hot  alcohol,  melts  at  710  C.  (159.SO  p.),  boils  at  3650  C-  (0090  F-)w- 
TVhutnpteiuheumaie,  CLH,(NOa),.  Colorless,  quadratic  priama,  laaltlHJ 
1853  c.  (3650). 


AMIDO-DBRI7ATIVB8. 


The  replacement  of  hydrogen  by  NH,  in  the  hydrocarbons  honaolagOQi 
with  benzene,  give»  rise  to  two  series  of  metameric  oompoanda,  analogmu 
to  the  haloid  and  uitro-derivatives  above  described :  thus,  from  ttdaenea, 
CfHj^.CH),  are  derived : 


C,H,(NH,).CH, 
Toluldine. 

BeniyUmlne. 

and  from  xylene,  C,H4(Cn,),: 

C.H,(NII,).(CH,). 
Xylldine. 

Xylylftmlae. 

Those  coinnfiundH  are  all  of  basic  character  ;  bnt  those  in  which  the  NH, 
is  situated  in  the  latt.iral  chains  are  stronger  bases  than  their  nietamerirli':! 
containing  this  group  in  the  principal  chain,  and  are  anal(^ua  in  their 
properties  and  their  mode  of  formation  to  the  amines  of  the  fatty  gronp ; 
thus  Iwnxylaraine,  which  may  be  represented  by  the  formula  NH,(CyH,), 
derived  from  ammonia  by  substitution  of  lienzyl,  C,H„  for  hydrogen,  is 
foriniHl,  together  with  dibenzylamine,  NH(C,H,)„  and  tribenxylamino, 
N(0,ll,)j,  by  heating  benzyl  chloride  with  ammonia,  just  as  ethylamine  it 
formt»l  from  the  chloride,  bromide,  or  iodide  of  ethyl.  Toluldine  and  Its 
homoli>gue8,  on  the  other  hand,  are  produced  chiefly  by  the  action  of  re- 
ducing agents  on  the  nitro-derivatives  ;  and  amidobenzene,  aniline,  or 
phenylamine.  C.Hj— Nil,,  which  may  be  regarded  as  the  first  term  of  either 
leritM,  is  formed  for  the  most  part  in  the  same  manner. 
The  reduction  of  the  nitro-derivativos  is  effected  : 
1.  By  the  action  of  ammonium  sulphide  in  alcoholic  solution : 

C,H,,NO,    +     3H^    »    CjHj.Nn,    +     2H,0    +    38. 


ANILINE. 


833 


In  tho  application  of  thii  method  to  di-  and  iri-nilro-oompounds,  only  000 

nitro-group  is  rodaoed  in  the  Anft  iDHtiuiON  Ko  that  uilro-ftmida   com- 

NO 
pounds  are  obt&inod,  auch  hn  ^fl^t^vtr*  • 

2.  By  the  action  of  zino  or  tin  and  hydrochloric  acid,  or  of  iron  filings 
and  Bcutio  acid.  In  thesit  caaea,  the  reductiuu  may  bo  suppostxl  to  b«s 
effoctod  by  nasooat  hydrogon : 


4 


4-    3n, 


CJI^.NH,    -I-     211,0: 


in  thu  caso  of  iron  and  aootie  acid,  nlso  thrr>u<;h  the  intervention  of  the 
ferrous  rialt  formed  iu  the  llr»t  inataucc  : 


C,H,.NO,    +    fiF«o    +    H,0 


+     3Pe,0,, 


and  in  that  of  tin  and  hydrochlurio  acid,  tlirough  the  intervention  of  stan- 
nous cliloridu  : 


3Sn     +     6HC1 


CH,,Nn,    +     33nCl,    + 


111,0 


and 

C,Hj.NO,    -I-     3SnCI,    +     6HCI     =»     C.Hi.NH,    +    3SnCl,    +    2H,0. 

To  effect  this  lost  re.irtion,  the  niiro  comjiound  is  drenchod  with  fuming 
liyJrochlorio  acid,  and  thu  cak'ulatod  quuiUity  of  granaUtt^l  tin  i»  gradu- 
ally addi'd.  Thu  action  usually  bcgiua  afU^  a  while,  wUhmit  ftppliinti(wi 
of  h<!at,  tlio  tin  and  thu  nitru*compound  diaaolvinj;.  Fruiu  thu  warm  tutlu- 
tion,  which  contniim  a  doublu  salt,  connisting  of  tho  hydr^Kihloride  of  tbo 
resulting  base  combino<l  with  Ktnnnio  chloride,  c.  g,  (C,U5.NH.j.IlCl)j.SnClj, 
thu  till  is  precipitated  by  bytlrogun  Hulphidc;  aiiJ  thu  stannic  sulphide  la 
at'paratrd  by  filtration,  leaving  the  hydruchloridu  of  thu  aniiilo-comjxtnnd 
in  solution. 

When  a  di-  or  a  iri-nitro-oompound  ia  thus  treated,  all  the?  nitro-groups 
are  uritinlly  r^diKV<l  at  onrn :  liunro  this  ]>ro«''Ss  iu  especially  Applicable  to 
the  preparation  of  dt-  niid  tri-amidr)  derivatives.  If,  bowevur,  unly  half 
the  calculated  quantity  uf  tin  hv  addud,  a  partial  reduction  may  be  effuctedi 
and  mtro-amido-oompoands  obtained. 


Amidobtmtntu  * 

Anilln«.  CjHjN  ^^  C.n^.MI, — f^tntjhminr. — ^This  base,  whirh  i«  noV 
prepared  in  unoriuuus  qnantitiuit  for  the  manufai-lnrM  of  txiloping  matters, 
wa«  discuvHrud  in  182fi  by  irnverdorlM'ii,  who  nblained  it  by  the  dry  dis- 
tillation of  indigo.  Fritzrtche,  in  1841.  found  tbnt  it  might  be  obtained  bv 
Willing  indigo  with  potash-lyo;  and  Zinin.  a^xtut  thn  satneiimo,  introdnm-d 
the  mutlKMl  of  preparing  it  by  reduction  of  nitrobenzene  with  nmmnninm 
sulphide — aproevss  which,  as  already  ol«erved,  is  very  generally  applicable 
to  the  preparation  of  organic  bases. 

Ti»  prepare  aniline  in  this  way.  an  aleohollfl  solntion  of  nltrohenitene  ts 
mixed  with  ammonia,  and  gaseona  hydrogen  aulphide  is  passed  Into  the 
liquid  as  long  as  sulphur  onntinues  to  be  prwlpitatod:  the  reaction  is 
greatly  aeceb'rated  by  warming  the  liqnH.  Tb.*  s.dntion  is  then  mixwi 
with  ♦•xcess  of  neld.  flltured  to  separnte  the  snlpbiir.  ]>nilwi  to  expel  aloo- 
hid  and  ujceess  of  nitrobenzene,  and  then  dlsttlU'd  with  exress  of  pntnsh. 

On  the  Iftrge  scale,  aniline  Is  prnpan-d  by  r.-dii.  iiiff  nitrolM'iiz.Mie  with 
ferrous  a<vtate.  Nitro»NMixi»ne(l  part)  is  hente*!  with  iron  filings  (U  pnrt). 
■^d  glacial  acellit  add  (1  part),  and  tho  solid  product  of  the  reaction  te 
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DiixiHl  with  Hm«,  ftud  distilhYl  with  superheated  steam.  On  the  su 
»t.<ule,  tliy  bfst  rwiuits  are  olitaiiie«l  by  rwiuction  with  liu  and  hydrochUi 
acid.  Thu  priNiucl  ohtuiiu'd  by  eitht>r  proeusii  may  bti  piirifitMl  by  eimvia 
iag  it  iiitu  oxiilate,  cryrttalliiting  this  ttalt  iiuvi>ral  timett  froiu  alcohol 
decomjhjtiiii^  it  with  piitash. 

Aniline  in  nXao  productHl  by  heating  phenol  with  ammonituu  chloride 
fuming  liydfLM-hloric  acid  in  sealed  tubes  lo315C>c.  (5990  p,^  fo^.  ^j^ 
thirty  hours : 


CeUft.OH     4-     NH, 


C,Hj.NH,    +     H,0 


and  laatly,  it  is  forraod  by  the  de»trnotive  distillation  of  nitro^enooB 
guuio  iiitilUT^,  mill  in  outi  of  the  ooustiluvats  of  coal-tar  oil. 

Aniliiio  is  a  oiilorli*8a  oily  liquid,  luiring  a  faint  puculinr  odor,  a.  d«ns[ 
of  l.lKlt;  at  (»o.  and  Uiiling  at  184. IJO  C.  (3t;4.10  p.).  When  quite  pure 
Bolidilitni  at  low  teiiipuraturtrM,  nitd  tni'lta  at — 8^  C.  (17.00  F.).  It  d| 
aiilviis  but  sparitijfly  in  wati-r — 31  pnrtti  at  12-C.  (63. (lO  V.y^  «>asilr  J 
akx>hol  and  fiber.  Wbcu  exptwtMi  to  tbo  air  it  tuma  brown  aud  grjbli 
ally  rcifiuizrs.  lUi  uqufuun  Htilution,  mixed  with  t-hloride  of  lime,  aftsum 
a  purpltwiobH  (xdor.  lla  ai^liitinn  in  strong  nulphtiric  acid  acqair^c 
BilditiMii  of  a  fi'w  drops  of  aqiiiK>as  pntaKsium  didiroiunte,  firfit  a  r*s3,  th 
a  dwp-bluM  color.     A  di'aL  tthavinj;  dipjHHi  in  auiliue  is  folort»d  yoUow. 

Aniline  in  a  strong  bdjn-,  uniting  diri'ctly  with  acids  and  with  ccrtaj 
aalta,  forming,  for  oxamplo,  the  c-oiupouiidfi  (C,HiN),.SnCl,  and  (C^lJ.Kji 
CftSO^.— Th'T  fttfilrochhritif,  C'^lljN.IK'l,  forniH  nevdltas  Tery  solo  bit*  in  wall 
and  in  al<H>liol,  Kubliming  without  dfconijriwitinn.  Its  alcoholic  solution 
mixed  with  platiniu  chloride,  dv])05its  the  platinochloritity  {i\H^ii,\iC\\ 
rttlj,  in  yolluw  needles.  The  mtrutr,  C,U,N.KOjU,  cryatalliztw  in  larg 
rhnmhic  tabloa  ;  the  oraiate,  (CjH,N),.C,04H,,  separates  from  a  mixturv  < 
the  aluoholiu  bulutioiu  of  aniline  and  oxalic  acid,  in  rhombic  prisma* 


SOBSTITDTlOa-rBODCCTS   OF    AXILIXX. 


chloiin*. 


1 .   Baingfin-Dertpnlive*. — TheBo  compounds  are  formed 

(1)  By  the  action  of  lial<»gen-»'lemi»«t«  on  aniline,  hn;»niini*,  and  c 
forming  di-  or  tri-i^'rivntivop.  itxline  giving  rise  to  para-itHianilinc.  The 
monoirlilor-  and  nionobromaniUnes  (para)  art*  obtained  by  the  action  of 
cblorinn  and  broniim*,  in  vapor  or  in  aqueous  solution,  on  acctauilidtv 
C4H...N*H(C.II,0).  t*U8pend«d   in  water. 

(2>  Bv  rwiiictinn  of  the  nitrochloro-,  nitrobmnirv,  or  nitroiodo-bt-naoiiwi 
with  ammoninm  salphidr..  orwith  tin  an<l  hydnxhloric  acid,  tjiUCKNOj, 
for  pxamplo,  b*-ine  thus  ronv.>rted  into  C,H/-1(NII|).      _        „„    .  ^ 

(3)  Fn.m  the  nitranilinw  by  Ruhstitntion  of  C  ,  fir,  or  I  for  NH,  (ihronKU 
thp  m.Mium  of  th«  dja7^>.oom,>ounds).  and  of  NH,  for  >0,  by  the  action  of 
rodnoing  agfinla.  r,Ht<jJJ''  for  example"  from  QH.-^j^.jj'^. 

Bv  the  entrance  of  halogrn-Memonta  (also  of  th«  tutro-group)  into  the 
moWiiln.  the  ha«ic  propprtloB  of  anilin-  are  weakened,  tin*  mono-doriva- 
tlv.'«  are  we;ik  bnspH  ;  Ilie  di -d.-rivntiveft  form,  for  the  moet  part,  very  un- 
Blahle  «.iU8  wbif'h  are  demmpospd  evon  by  water  ;  and  the  triHlmrative* 
are  mostlr  destitute  of  basic  proprrUes.  though  the  or  en  at  ion  of  the 
anhdtitute-l  radiol.'fl  has  some  influence  in  this  respocl.  »»  »"*-  «n"ni»-ae- 
rivattves,  the  orlho-oompounds  are  less  basic  than  the  meta-  and  para-oom- 
ponnds,  . 

Tl.e  followine  t'lMe  exhibita  the  mndefl  of  formation  and  the  chief  pi 


oal  properties  of  the  halogen-derivatii'es  of  anilfnt^: 


BALOOSN-DE&IVATIVEB   OV    ANILINS. 
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2.   Nitra'd«rioativet, 

MoaonltTanlUnes,  rgH,(NO,).NHj. — Tlie   tbrwe  isomrric  dcriTatlvea 

am  furuiwl  I'V  unjK'rUTl  rtfluctiou  of  tlie  dinitrnlH>n£en«8  (j).  831),  tt«jt  hy 
passing  tiydrngi-n  snlphide  into  the  alcoholic  solution  of  tlie  uitro  otm- 
puuud,  DUJced  with  a  little  ooncentrtitod  aniuiouia  : 


^'^1     J_     MH  «     -»    r.H  -^^9t 


^■Hi<.NO;    +     3H^    -    C,U.<JJ^     -h    2H,0    + 


3S 


Tho  ortho-  and  ]>ara-*lf'rivativea  are  also  formed  by  the  action  of  alkalipa 
on  tht!  correspomling  uH nvucetauilidt'ti,  C,Hj.NH(CjH,(>),  and  hy  prolongwl 
kuating  uf  urtho-  aiul  para-nitrubromobenz«ne,  or  of  tliu  methylic  i*tht*r  of 
ortho-  or  parnnitruijUuuol,  with  aqueous  or  alcoholic  ammonia  to  18U-20(|O 

CgH,(NO,)Br     4-     NH,    =         HBr  -j-     r,TI,(NO0(NH,). 

C,lI,CN<),){OC'iI,)     4-     NU,    ^     HOCIL  +     C,H,(NO;)(NH,). 
nitriuiUoL                                          Melbyl  Nltraalllnc' 

alcoboU 

Ortho-nitraniline  forms  long,  dork  yellow  noodles,  melting  at  71 .50  C. 
(ltiO.70  K.)t  more  soluble  in  water  and  in  alaihot  tlian  the  otluTtwo  modi- 
ficatinnfl.  Mrta. — Umg  yellow  prinnis,  moiling  nt  lo|(0  c.  (2280  p.)^ 
slightly  sol ublu  in  water,  freoly  in  alcrthol.  I'ara. — (*rang(f-colored  nettles 
or  tabids,  melting  at  14(P  C.  (294.80  P.),  nearly  insolQblo  in  wat«r,  easily 
Mlublo  in  aloohol. 

Dlnitr anilines,    CJI,(N03)jNlI,.  ^Tli«    unsymmetrical    modification 

]  :  2  :  4  (NU^  in  1),  la  formed  by  heating  the  uorrtr^ponding  dinilro-, 
cliloro-,  lirnmo-,  or  iodo-benzene,  ot  the  nifthylio  ether  of  (3  :  'J  :  4)  drni- 
trophenol  with  alcoholic  ammonia,  or  dinllro-aretanilide  with  potash-lye. 
It  crystnlliziw  in  light  yeilow  prisms,  melting  nt  1820-1830  C.  (a.W.lP- 
3til.4^  I'.);  dueid  nut  combine  with  acids.  By  exchang«  of  NU,  for  11  it  is 
oonverteil  into  meta-diuilrobensone. 

Comtectitive  Pinitraniline  (1:2:  6),  from  the  oorresiionding  dinitro-iodo- 
iMtnxenB  or  metliyl-dinitrophenol,  forms  long,  dark  yellow  ne«lle»,  melting 
at  1380  C.  (2.S0.2P  F.),  sparingly  soluUe  even  in  hot  alcohol. 

Trinltranlline,  C,llXNO,)j,.NH,  (1  :  2  :  4  :  6)  (ArrnmiV/c),  is  formed  by 
the  a<ni(»n  of  ulcoholic  ammonia  on  trinitrochlorobenrcne,  C|.C1.N0,.H. 
NOJl.NO,  (p.  831),  or  on  tho  ethylic  or  methylic  ether  of  picrie  aeid.  It 
(Tvstallizes  from  alcohol  in  orange-red  needles  ;  from  glacial  acetic  ftfid  In 
large  monoolinic  tables  ;  melts  at  lS(jO  C.  (366.80F.).  By  heating  with 
alkalies  it  is  cunvertiHl  into  a  salt  of  picric  acid  : 

q,n,(NOa),.Nn,   +   koh   =   kh,  +   CbH,(NO,),ok  . 

Chloro-  and  Bromo-n  i  tranili  ncs.  of  which  immerous  mwliflca- 
tions  are  known,  are  obtained  by  heating  nitrodichloro-  and  nitrwlihromo- 
Ijenxen.-s  with  alcoholic  ammonia  ;  by  trHaHn^  chlor  and  brom-acetanilules 
with  nitric  acid,  and  d*»compofling  the  resulting  mtro.eomi>ouuda  with  al- 
kalies ;  and  by  passing  chlorine  gas  or  bromine  vapor  into  the  solution  of 
tho  three  nltraniUnoa  in  hydrochloric  acid. 

Dlamidobensenes,  or  Phenyleaedlamlnes,  r^H^fMI,),. 

— These  banes  ar*'  formed  by  reduction  of  the  three  dinitruUenzenes  or  the 
three  nilranilines  with  tin  and  hydrochloric  acid  :  also  by  dry  distillation 
of  thewrrespondingdlamidobeiisoic  acids.  Tht^ynre  bi-aoid  bases,  forming 
well-deflned  crystalline  salU  ;  e.  g.,  CjH^(NH,),.2Ha, 


I 
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Or<Ao— ColorleBS  or  Blightlj  reddiah  fonrHiided  tafalw  ;  maUa  at  IflP^ 
(215.tiOF.);  boils  at  2520  C.  (485.60  P.);  diamArm  in  water, 
when  hot.  Its  solution  in  hTdroohlorio  acid  is  colored  ~  ~ 
chloride  or  potassium  dichrom&te.  ifofo— GzyBtalUne 
in  water ;  melts  at  G30  C.  (14fi.4P  F.),  boUa  at  2870  C.  (MSLao  F.>.  A 
—Colorless,  or  faintlj  reddish  scales,  easily  soluble  in  water ;  Batti  I 
1470  C.  (29fi.tiO  FO,  hoils  at  2ti70  C.  (512.tiO  p.). 

TriamiaobenBene,  CgH,(NHg),  (1 :  2  :  4),  is  prodooed  I7  di 

distillation  of  triamidobenioic  acid  mixed  with  pounded   Slaaay 


reduction  of  (1  :  2  :  4)  dinitraniline  with  tin  and  b/dro«d&Xbrlo  Mid. 
fbrms  a  dark-red  radio-crystalline  mass,  melting  at  103O  C.  (817.^  F.' 
boiling  at  330O  C.  (62b^  F.);  easily  soluble  in  water,  aloohol  «i*^  ethii 
separated  from  its  aqueous  solution  by  caustic  soda.  Br  jRatrie  ebkrid 
and  by  strong  sulphuric  acid  containing  a  little  nltrio  aotd,  ita  aotatiaB  j 
colored  deep  blue.    It  forms  well-defined  salts  with  aoUa. 


AI«OHOUO   DBBITATim  OF  AVIUKB. 


The  partial  or  total  replacement  of  the  hydrogen  in  the  amldcfsen  gnu 
of  aniline  by  alcohol-radicles,  gives  rise  to  oomponnds  analo^oiu  to  Ui 
secondary  and  tertiary  amines  of  the  flatty  group,  and  formed  in  lik 
manner  by  heating  aniline  with  the  iodides  and  bromides  of  th«  alooliol 
radicles ;  e.  ^., 


C,H.NH, 
Aulllae. 


4-     CHjBr    =    HBr    +     C-H,.NH.CH, 


jietS 


71-anlItne. 


They  may  also  be  produced  by  heating  aniline  hydrochloride  with  alo(Acdi 
in  cl(»ed  resaels,  a  chloride  of  the  alcohol-radicle  being  first  formed,  whiol 
then  acts  as  above  on  the  aniline.  The  tertiary  derivatives,  suok  el 
diethylaniliue,  C(HjN(C,H5)3,  can  also  unite  with  alcoholic  iodides, 
forming  ammonium-compouuds,  like  methyl-diethyl-phenylammonlnqi, 
(CIl3)(CgHj),(C,H5)NI,  which,  when  treated  with  moist  silver  oxide,  yield 
the  corresponding  hydroxides,  such  as  (CH,)(C,H5),(C<Hj)N.OH.  Thees 
hydroxides  are  very  soluble  in  water,  strongly  alkaline,  and  have  a  bitter 
taste. 

The  secondary  and  tertiary  derivatives  are  liquid  at  ordinary  tempera- 
ture, and  exhibit  the  following  physical  propertied  ;— 


Botlln, 

Speolflo 

Point. 

aravlty. 

Methylaniline, 

C,H,NH(CH3) 

/  1900L-191O  c. 
1  (374-3760  F.) 

0.976  at  ISO  C. 
(60.80  p.) 

Dtmethylaniline, 

C.H,N(CH,). 

i  \      1920  c. 
1 1  (377.eo  F.) 

0.9553  at  150  c, 
(60.80  F.) 

Ethylaniline, 

C,HjNH(C,H,) 

(|      2040  C. 
\\  (399.20F.) 

0.954  at  180  C. 
(64.40  F.) 

Diethylaniline, 

C.H.N(C,H^, 

{ 

213.50  c. 

(416.30  F.) 

0.939  atlSOC, 
(64.40  F.) 

Amylaniline, 

C.H.NH(C.H») 

I 

2580  C. 
(496.40  F.) 

Amyl-ethylaniline 

,(C.H,)N(C,H.)(C.H„){ 

2620  C. 
(603.60  F.) 
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Dimcthylanilinn  ftoUdifics  at  +  0.5O  C.  (32.90  p.).  Atn>^lahyl-iuiiline 
uniu*!t  with  methyl  ioilidi.',  funoiug  tha  ioriido  of  m^thylelhylanij'lphenjl- 
ammunium,  (<-',Hs)N(t>'",)C<--iHa)(<-'6"„)- 

Many  other  alcoholic  dorivativos  of  aniline  have  buon  prepared  aud 
exauiuod. 

Piphpnylamlne,  NH(CgHj)„  I»  formed  b/ heating  aniline  hydro- 
ehkirid.'  wiili  aiiilint)  lo  240-'  C.  (4l»4-^  F,)t  ^""^  ^y  *''*-'  'lO'  distillation  of 
tripliLMivl-rusauiline  (aniline  blue).  It  is  a  cryutalUiie  body,  having  a 
pl.'ttsant  odor,  malting  at  54^  0.  (120.20  p.),  and  l»iling  at  3HlO  C.  (5H0O 
¥.):  slightly  soluble  In  water,  easily  in  alcohol  and  etlmr  ;  colored  deep- 
blue  by  nitrio  acid.  It  is  a  weak  base,  its  aalta  being  deoompused  by 
water. 

Triphenylaminc,  NCCeHj),,  is  produced,  together  with  diphenyl- 
amint!,  by  heating  a  solution  of  putaai»iuui  in  auiiiuv  with  mouobromo* 
bensene. 

Dnrlvatires  containing  diatom  io  alcohol-radlclee  are  formed  by  heat- 
ing nuiline  with  the  iixlidea  or  bromides  of  uiethunu  and  uthene.  Mtik'mO' 
dift/irtnjhiinmine,  (('gi!j.NH)j,CH,,  is  viscid  and  unLTytttAllizabl**.  Etkent- 
dtf>Ke»^iamt'M,  (Cyij.NH),.C\Hf,  tfl  crystalline,  and  melts  at  5?^C.(134.(P 
P.).  The  isomeric  rikidrnf-<Iiphen^tfliaminf,  ({\\\^.^\\)^X\\ — t'Mj,  formtwi 
by  the  action  of  aldehyde  on  aniline,  suparatet)  from  alcoholic  solution  in 
ycllowidli  iKHluleH. 

D(->rivativ)>s  r-nntaining  tri- atomic  alcohol  •radicles  are  obtaincvl  by 
heating   aniline  with  tbn  chlorides  of  such   radicles,  or  with  substances 

capable  of  furming  tlieiu.     Af€ihm\fl-diphfnyltiiamine^  r*H^ N    -^*'''*    P"^ 

dncerl  by  heating  aniline  with  chloroform  to  18CKi_l»0OC.  (a5t^^740  F.) 
or  by  the  action  of  phosphorus  trifhlorido  on  a  mixture  of  aniline  and 
formanilide,  crvstallixea  in  long  cnlnrliMis  neeilles,  melting  at  1350-irj(iO 
C.  (275^-27(1.^  FO.  and  boiling,  with  partial  decomposition,  above  25C>o 

C.  (4830?.).   £^Aeny/K//pAmyWia«ine,  ^•{}''"~jj"\  C—CHj,    produced    by 

the  action  of  PCI,  on  a  mixture  of  aniline  and  acetic  acid,  formB  small 
oolurless  needles  melting  at  1310-1320  C.  (267.80.2GB.tiO  F.). 


DBBIVATIVBS  COKTAIXTMO   ACID-BADTCLBB  :— A  VILIP  KB. 

These  compounds,  which  may  1»e  regarded  as  amides  haring  their  hydro- 
gen more  or  less  ruplared  by  phenyl,  are  formed :  1.  By  the  action  of  acid 
chloridus  or  chloranhydrides  on  aniline  ;  thus  : 

c.H^.Nn,   4-    cjTjO.ci    =    nci    +    C,H,,NH,.r,H,0. 

Aoiltnt!.  Arntlo  Aeetsnltlde. 

chloride. 

2.  By  heating  aniline  salts  with  organic  acids: 

C^llj-NH,    4-     C,H,O.OH    =     11,0    4-     C,Hj.NH.C,n,0. 

By  heating  with  alkalifs,  or  with  hydrochloric  acid,  thoy  are  resolved  into 
tliuir  component-6  ;  tt  </., 

^L  C,Uj.UH.C,U30    +     KOH    =    C^HjCOK    +     Con^-Nn,. 


FormaniUde,    C^Hj.NH.CllO  —  Fhmylfcrmamidf.  —  Produr«^ 
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hmting  mniUiie  with  eChjrl  formate,  or,  togotlMr  wiOi 
qnickij  beating  it  vith  oxalic  add : 

It  fonns  prisma,  melting  at  460  c.  (114.80  F.),  euilr  ■ol|iia«  «.  »>i, 
atoohol,  and  ether.  Strong  loda-ljre  added  to  ito  aqa«ona  mt^aa^^SZ 
down  sodium  formauilide,  CJ9.J«*N»-€HO,  wWrfi  ihwS«r 
wattar  into  fonnaniUde  and  sodium  hydzozide.  Bj<««tf||||^g^"rS'iTj 
h/dxochloric  acid,  it  /ields  a  small  qnaatitj  of  beoaomftril :  CLK^JR^S 

▲oatanlllde,  C.n,.NH.C,H,0,  Fkemylaeetamik^pniaucad  br  l^^ 

aniline  and  glacial  acetic  acid  (1  mol.  of  each)  for  sevenl  housjor  Iff  11 
action  of  acetyl  chloride  or  acetic  anhydride  on  anlliiM,  favms  ooloriM 
shining  laminar  crystals,  melting  at  112Ct-lI30  C.  (S38.6a-A36^#>  * 
▼olatilizing  without  decomposition  at  2950  c.  (5630  p.)^  siMUia^j-  nM 
in  cold  water,  more  easily  in  hot  water  and  in  alcohol.  T^«ateif  with  I1 
mine,  chlorine,  or  nitric  add,  it  yields  mono-  and  di-subBtitiitJoiii  pnidwl 
the  substitution  always  taking  place  in  the  beniene-ring,  and  theaa  «b 
heated  with  alkalies  yield  alcoholic  anilines.  Vnnnfli  iimmn^^i'hA 
CH4BrwNH<C,H,0)  (1:4),  melts  at  1650  C.  (3290F.);  «^ranaecs3 
at  1460C.  (294.fP  F.)  ;  paranitracetanilide  melts  at  2070  C.  (404.00  P 
oriho-  at  780  C.  (172.40  F.).  iJinitracetamiuie,  CjH,(NO,)-NM(C,Il6 
formed  by  dissolving  aoetanilide  in  a  mixture  of  nitnc  and  aulphiuie  acid 
melU  at  120O  C.  (2480  F.). 

CO— NH— C.Hs 
Ozanilamlde,    I  ,   Bienyloxamide,   formed,    tosethi 

CO— NH,  ^ 

with  oxanilide,  by  evaporating  cyananiline  with  hydrochloric  acid,  oiyi 
tallixes  in  lamins,  soluble  in  hot  water,  and  subliming  without  deoompi 
sition. 

CO— NIT— C,H, 
Ozanllldetl  ,  Diphenyloxamidcj  obtained  by  heatiai 

CO—NH— CgH, 
aniline  oxalate  to  160O-180O  C.  (320-5500  F.),  and  together  with  oxanll 
amide,  by  evaporating  a  Holiition  of  cyananiline  in  hydrochloric  acid,  fimn 
shiuiug  sublimable  crystals,  melting  at  2450  C.  (473°  F.). 
CO— NH— G.Hj 
Oxanlllo  Aoid,   I  *    produced    by  heating    anilini 

CO— OH 
with  excess  of  oxalic  acid,  forma  crystalline  scales  slightly  soluble  in  oold, 
easily  in  hot  water,  and  having  a  strong  acid  reaction.     It  is  monobasic. 

Carbanllamide,    C0<^~^«^*   ^  t^en^-ca^bamide,  Phmt^mrm, 

is  formed,  like  ethyl -carbamide  (p.  Voi),  by  passing  cyanic  acid  vapor  into 
aniline,  and  by  the  action  of  ammonia  on  phenyl  isocyanate  (carbanil)  ^ 

co=:n-c.h,  +   nh.  =,  co<^g7^'^». 

The  easiest  method  of  preparing  it  is  to  eraporate  an  aqueous  ■*5*^*jp"^ 
potassium  cyanide  and  aniline  sulphate.  It  forms  colorless.  needlMhaped 
crystals,  melting  at  1440ul450  C.  (291.20-2930  F.>,  sparingly  soluWe  to 
cold  water,  easily  In  hot  water,  and  In  alcohol  and  ether.  Decomposed  by 
heat  into  ammonia,  cyannric  acid  and  carbanilide. 

Alcoholic  derivatives  of  phenylcarbamlde,  s.  g,,  kkyt-phmj^earhaaudt^ 
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CO^vu'p*!.*  y  aro  formed  by  the  action  of  aniline  on  iaocyanio  elhera 
(earbimides,  p.  M2). 

W  W  f  H 

CarbaniUde,  *^'^<C^H  c'll*  '  r^f*hfi*!ffnirUtmitif^  Diphnttfturen  (iijTn- 
nietrii'.it),  id  |iru«luri,il  b^  tiiv  actiuii  uf  i^urUin^l  i:hlnridi>  (phosgene)  on 
anilin« ; 

COCl,    +     2(C;Hj.NI10     =»     -illCI     +     CO(NH.C,Hi),; 

by  combination  of  phvnyl  isocyoiiatt)  (oArbanil)  witli  auiliuM: 
CO— N— C^H^     ^-     Nil^.i-jHe     =     C0(NH.L-,H4),; 

hv  boating  1  part  of  urtia  with  3  parts  of  anilfnu  to  1M)0-1700  C.  <L102(^ 
aJto^  F.)  : 

-I-     2<f;H3.NH,)     »    2NHa    4.     fX)(NH.C,H,),: 


COGVH,), 


also  by  heating  1  raol.  anilint?  with  1  mol.  mrltanilaniHli* ;  and,  IngnthiT 
Willi  fornianilide,  by  th«  action  of  hrut  <m  uxnnilnmi'li*.  It  fonnn  ftilky 
nctHlli.>a,  slightly  aoluble  in  wattT,  uiiHluratvly  soluble  in  olcoliol,  iuvHa  at 
S3&0  c.  (455'^  v.),  aud  volatilixes  witliout  dvcuiuptMitiuu. 

CMoromrlMtuiiUlr,  COCl — NCC^Ilj),'   ^t  formt'd  by  passing  phoegeno  gaa 
into  a  itoliiljou  of  dipben^lainiiiv  iii  t'bluntfuriu  : 


COCl,  +   Nn(c.u.),  - 

It  oryi*tainx4*9  in  colorlees  Uminv. 
8yiniiiutrii:ul  dipbrnyl-carbaniidt* : 


UCl     +     COCI— ?f(C,IIi),. 
With  aK'olioliii  auunouia  it  forms  nn- 


co<S' 


N(c,aj), 


+     NH, 


Ha   4- 


C0<^-"' 


N(r.n.),  • 


which  cryHt»lli»M  in  long  net*ill*«,  luuUing  at  181»0('.  ('STZ.'JP  b\).  Heiited 
with  anilin*.  it  yields  Iriphenyl-oarbamide.  *^'^<Na'\*/V 
(ncMMlles  mtdtiiig  at  HtP  C.  (27(1-8°  K.)  ;  and  with  diphLMivlamiiiu  at  2<>0-'- 
22<>^  r.  (:tf»'JO-42SO  F.)  it  fnnim  ttitraph  iMiy  I  carbamidi*,  CO[N 
(*'i"ft)i]»i  *»«»'»  y«'Uow  ijrystalb,  mvlting  at  l&3^  C,  (3G1.40  p.). 

CorbanlUc.  or  Phenyl  oarbamlo  Acid,  CO<;^^jj-  •"*»iB not  known 
io  llii!  frt'o  Btat«.  Itii  uthiTs,  the  p  h  i*  n  y  I  u  r  t?  t  h  a  n  f  9  .  ar«>  formt-d  by 
the  action  of  alcohols  on  carhanil.  Tlie  eJhylic  ether,  ('0<^^^  jj*  »  ,  pro- 
dne^i  also  bv  th<>  arttnn  of  rthv!  clilrtmcarbonate.  COCUXyi,,  on  anilin«» 
forms  colnrh^s  ne.*dlos  mt-lting  at  ri20  C.  (12r,.6-='  F.).  It  hoila  at  23T^^ 
2?80r.  (4.'»ft.(ia_4()0.4O  F.),  wHli  pnrtial  dt-conipositiuu  into  alrultol  and 
carhanil,  and  is  ronv^^rtM,  by  heating  with  strong  potash-lye,  or  with 
anilint*,  into  dipht^nyloarbamide. 

Carbanll,  Phenyl  laooyanate.  or  Phenyl  carbtmide,  ^*^~N— 

C«H;.  form.Hl  hydistillinp  oxanilidc.  or  Iw^ttcr.  (•thyli**  car  bam  Into,  with 
pho«phoric  anhydridp,  is  a  moi»ib'  1i(iuid,  boiling  at  Ht^P  ("•  ('Vi.'».40  F-). 
and  having  a  pnng*»nt,  toar-oxctting  odor.  Its  r»«nolir>ns  arw  csat'tly  i>k» 
thnsfl  of  th<-  ifloryanic  ethers  already  described  (p.  Mfl).  With  water  It 
fnrnis  carbantlide ; 


2(C0~N— C.Hj) 
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CO,    +     CO(NH.CjHj), 


4 


4 

4 
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BVunnonU  it  fo  ooiir«rt«d  into  oarbaniUmMe,  and  bj  aiaiii<*  Isto 
aMkoUe  dertvaUm  of  that  componnd.  It  uiiit<M  wtih  alcotioU  bo  Com 
Hm  oarbantlic  iith»n, 

TbIooarbanU.  nr  Phenyl-thlocarblmlde,    C3 — ^ — c^n^  tbv 

calWd  /Vny^M-  Miuiiif^-'Hl,  U  lurui*  <i  tnxi)  ilii^<CHrli«iit]iile  hy  duttSlMMB 
with  iihoaphoHc  anhTdrtilt*,  1>v  prxilimgMl  br»Uku^  mtih  kjiirecUori*  acM, 
nui\,  ti>i;ifther  with  uiphcn^rlguuildliM,  by  tbe  aoUoo  of  &oUia«  in  tltintirfw 
•olutum: 


CcH, 


2HI 


It  ill  alao  pn^luMd  by  thf>  action  of  pfanagmie  nn  aoiUDi-.  It  i«  a  eoJ 
luiuiil,  BmHlliiig  like  uiiit.(.nni^iil,  Imiling  at  '^21*0  C.  (431.*?^  F.>. 
hf.iting  yriiU  r».-^luc<xl  coppt-r,  it  is  converted  into  |>li«;ujrl  cymoide  fa 
nitril : 

I'n   s—<\n^  +    cu   -»   Cus   -f    CN.c:,u^. 

Hydrogen  ■a1phid«  paased  into  phenTl-tbiocArbimide  docompo«^  ft, 
at  ordinary  trnipiTAliireit,  intn  thirH'arluknilidv  and  earbon  l>isulphtde: 

2(C8-s.t;H^)   +    en,  —   cs,  +   cscnilc.uj,  . 

U  unites  with  ammoiua  to  form  phcnylthiocarbamid*;  with  aniline 
form  dlphi'nylcarbaiuido ;  atuL  wiib  anhydroue  alcohol  ai  l2fiJO  C.  C2,* 
F>)t  to  form  pliviiylic  tluocarbiunatvv  or  tUiouroUiants : 


I 


C81INC,H»    -I- 


Nn.c,H» 


wliirh  lx>il8  ftt  2310  r.  (447.80  F.>,  and 
■thfrs  of  the  faltv  fU'tit^. 


raaeta 


Vomal  Phenyl  Thiocyanato,  rN.S.CjHj,  i*impric  with  tbinoarhani 
«Ma4iK*<l  by  ttK'  uotiou  mi  cyniiogeu  ctiloridv  on  the  ioad-«alt  of  pheuv 
»c««a|i4an: 

(Cgii48>,rb  4-   acNa  »  Pbci,  -f-  2(cn.8.c,ji^  . 

H  I*  a  ««lorlrM  Hqnid 

Hj^naitiairtlamldn   or  Fhenylthlocarbamide,    CS<^^^'^«^«  , 

fNMH4lp  til*  oooiliination  erf  niiirnoiiia  with  tliiocarl>anil,  crv»tallia«s  lo 
vdM^  wiling  at  l^>4^  C.  ('M*9.JP  K.),  slightly  soIuMh  in  ooM.  omro 
^^1^ H  ViMac  valtT  nnd  in  alcohol.  Wh^ti  boiled  with  tUrer  nitrnte, 
^^  tmAiUMfim   iU  »ulphnr   for   oxygen,    and    is   converted  into    phenyl- 

or    Dlphenylthlocarbamlde,    C3(Nn.C,nj)„    is 
lr>  aiu'  te4*"it  -^  <-ArtHiu  illt4til]ihitlc  on  nuihiu* ; 

,jn\  -    cs   «   sn,   +   cs(NH.c,H0, . 

Ijydroiide.  in  eqnal  nnnibere  of  niolomlefl,  are 
•elation  with  tixcesa  of  carbon  salphide; 
Ititu  dilrite  hvHrochlorio  acid,  the  alcohol 
mMLUit«d  from  alcohol, 

oiMrtMiUmlnjB  moltinf;  at  1440  r.  (^291 .20p.)^ 
f^lidf  In  klonhnl  rtnd  ether.     7*hc  ma<ip  of  Ita 
Iriphenyl-guanidine 


^ 
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already  ezplfiinM  (p.  842).  By  tr^Ating  it  with  alrohoUo  amroonta  and 
IvAil  uxide,  ihti  S  ij  replocud  by  ^U,  ft.ad  diphcnyl-guauidiiidu  prodactxl. 

Dlphanjl-gnanldln*.    HN=C<!Jy;[:*y'  (.Vr/aiii/ine),  ia  also 

foniiAl  by  thu  nction  uf  ga^poas  cyanogen  vliloridti  ou  dry  anili&u,  and  by 
boiling  cyaiiauilidu  wllli  auiUutt  hydrutililorido  : 

It  forms  lonK  flattened  needles,  melting  at  1470  C.  (29t>.(P  F.).  solublv  \n 
]()  parlA  (if  alcolml  nl  (ir<lin.iry  t<nuiM-raluri»i,  slightly  ar>lubl*>  in  water. 
It  iH  a  munu-ai-iiJ  boMo,  and  furtiut  wctl-cTyKtalliitMJ  ^alta.  WhfU  heated 
alMVD  ittt  meltinj;  |>oint,  it  n  rcdolreii  into  ammonia,  aniline,  and  tctru- 
yitrn^-m^atnim^  ^a\'^(^«lUr  ^/  ca''Ik;o  dlaulphide  it  ii  convertMl  into 
thii>uarbaui1idu  xnd  Ihiocyaaic  acid  : 

,     UN— tXNU.CjHi),     +     Ca,     »     C8(NU.C,Hj),     +     CNSH  . 

Trlphcnyl-gnanldin*   («),  0,11^— Nz:C<^y-^«|{*  .  In  fonnod 

by  the  aollou  uf  heat  on  dipheuyl-carbamidt* ;  by  heat  in  j;  »liidn*nyl-thio- 
carbaniide  either  aloiw  or  with  copper  U»  1500-100^  C.  (3nL*cutJ(iO  F.),  nr 
vriih  antliuti  to  tht*  lioiling  point  of  the  lattfr.  It  is  imwt  I'tinily  prcpartMl 
by  heating  an  alcoholic  solution  of  dJphenyl-thiocarl>amide  and  aniline 
with  hmd  oxido  or  inHrcurio  oxide,  or  with  an  aloohuliu  solution  of  auiliue 
to  the  boiling  point: 


CJJ(Nn.C,H,),    +     C,H,.NH, 


SH,     +     C,H,— N— C(NU.C,H»), 


Triphenyl-ffnanldine  erystalliie-s  In  shining;  rhombic  prisms,  mHting  at 
14;iO  C.  (289.4^  F.),  nearly  in^MtlubJu  iu  watur  mvimi  at  lh<'  lH>ilinK  heat, 
easily  Kolublu  in  hoi  aluohol.  It  ij  a  m»no*aoid  tuKf*.  fonnin;;  w*<ll-LTyt- 
tallized  salts.  By  ditttillatirm  it  is  resolvtd  into  aniline  and  diphenyl-cy- 
AAamida  or  carbodipheuylimide,  which  recomhiuo  iu  the  reoeiver: 

and  by  heating  to  ISOQ-HO^  C.  (320-338°  F.)  with  carbon  disulphide,  into 
phunyl-thiooarbamide  and  dii»bunyl-thiocarl>aiuide  ; 

c,a4N=c(Na.c,H^,   -f-   cs,   =»   cs^n.c.u^   +   cs(Nn.c,no, . 

All  womeric  fn/iAmy/.yiMnitA'ite  (5),  nNi:C<[IJ{[^^'^{J»  ,  Ib  formed  by 
heating  cyananilide  with  dipbenylamine  hydrocUlorido  : 

It  cry«talIiio«  In  large  tabliw  moiling  at  IST^  T.  C2fi7.80  p.).  * 

Tetraphenyl-Kn.inidin«).  llNJ^C[N(r,H,),],.— The  hydmrhlo- 
rlde  \»  foriued  by  ptissing  froHeons  evanoc<<n  chloride  into  fn»tNl  dipliiMirl- 
amine  heatM  to  l(U)O-170Q  C.  (320OL-33JiO  p.).  Tlift  free  hnso  Brpftrat.Hi 
tberefroro  by  an  alkali  fnrma  colorless  rhombic  prisms,  meltinc  at  33<)Ci- 
1310  c.  (2(HA-2ti7.»o  F.). 


Phenyl-OT^oamldtt,  or  Cyananlltd  e,  CN. NIT. C.H^,  formed 
by  passing  ^aseonti  eynnoirim  chloride  into  nn  ♦»tli.*rpal  «nhitinn  of  dry  ani- 
line, or  bydigoatingaualcvhoUoaolutiouuf  phcnylthiocarbamidewith  lead 
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arbamidewith  lead    ^^ 
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jirnjit'i  ui  s,  mil   mm-  -t  v^  i  wi  li  *  'ir«>K''n  Miipiinn*  ui  ii-rai    l»  h  •»  n  J*l' 

rjr  t>  ii>i»  I j>iMi.-«,  into   ihr   pi^lym^Tio  oocnpnondL    tripli«|i* 
ilnu,  ilpy.  whifU  cr^nuUixcM  in  prWms  BfevUiiw  at  1C9^ 


Dlphvnyloyanamida    or    Carbo-dlph  eayllmld*. 


cf^- 


•|»U 


C||H,^N's  *  ^'^  I  ^  formed  by  adding  nwrcmric  oxide  Ui  a  solatte 

of  dl(ih«'n>llhio«^arl)aiuM»'  in  hot  lwnzt*ne,  «nd,  log«*ih«T  wrth  anniiu>, 
UtilUlMiu  of  B-trl|ilit*iivI->£tianiiliui'.  It  is  a  Hvrupv  Hqutd  builhut 
SaiiG-aSIc  <;.  (^Wti^^Jl^T.^o  I-*.),  .ad  I'lianiiinp.  wln-nkVj.t  in  m  tucsiui 
Jnio  m  *r'li<l  iHtl.V"*''!'!!' comjmunil.  M/ilruchlnric  acid  gA6  picwr  J  JotA 
iolutitiuluhot  lK.'TUrmTiviivfn»  it  intoft  cr.viitallim'  h^drct^-blorid**,  r„U 
Hd.  B.V  Uiilint;  with  AqucHiiiH  nlrohol  It  is  converted  intn  dipbrqjri 
tarbauii(l(4.  It  unities  with  t^M,,  trt  rium  d  i  jih  f  n  v  1 1  h  locarbl 
«iide.  and  with  CS,  at  140O-10OC  r.  (2Mt^«>*.o  F.)to'ronit  phr&Tl 
Iklgcarbimidu.  C(N.tVl4>,  +  C'ti,  =  2(C'a  _>— <.*,Hj. 

r(NH>— NH.C.U. 

'  C(NII)— NH.C,H, 

^1,1  up  rTiiii'><;<'n  );ah  into  an  alcoholic  ftolntion  of  aiiilinu,  in  ahtniiig  Lai 
^  lUmnp-  ai  21*'^  »'.  f*il(^  K.)»     It  is  n  biacid  baae,  and  is  rrttulv^^d 
aiUi  aci<U  into  uxamide  and  uxanitide. 


pnRxrL  pRoBrnoRri-coHPoraDB. 


^I^^nyl    Cblorlda.    <^\Hj<HCl„   fonnod    bj   rppcat«<d| 

ijHwro  t'f  111'*  viiiM.rs  nt  Ij^'iiznit-  and   phosphorus   trichloride 

'     ^  W.J    iitW  IttUnl    with   fra^'nittnU   of  puniiet%  and    iu   amal 

*    -^A»p  iu»'ri!ur.v-dtplirn.vl  with   phoKpliorns  trirhU>riilt>,  Is 

^  ^^rrfracting  li(j[uiri,  hnviiij?  a  density  of  1.319  al    2tX>  C 

Hi  *22*-N'  I'.  (431.00  K.)  ;  (((^composed   by  watt*r  int4 

tnh<'l)v1nnfl    Ai'iilK.      It    unitf^  with  chlttrinr.  forming i 

^n^..     I^mV*'*"'!*    ^\\\v\\   nu'llB  at   730  C.  (103.4O  p.) 
"   *'*       *  :    rrijBr,,  im-ltin^;   n(   110W3  ('.  (40IJ.-10  \f,)  ;   wilU; 
hluririt*,   (\,Hj.r('l/\  whiiih  18  a  litjiud   boil< 
ition.  at  2t«»o  r.  (5(XP  V.)  ;  and  with  »ulphttr  loj 
^jtliitg,  also  with  partial  decomposition,  at  27U^ 


Id.  r^TTv.PTTO.OH,  formed,  as  aboT«  men- 

a'lhn  dic'hlnriilH,  orystaUiit«  in  ofdorlesa 
f  )  and  JU'tK  aR  n  powerful  n-iluriiiit  ap^nt. 
uOH);.  forniHl  ill  like  mniin.-r  frv.m  tha 
^.  uwUin;;  ftt  1580  C.  (310.40  F.). 


, Q^pjj   . — Pry  hyilriodie  arid  fcas  pafeed 
^^^(oniiln?  thecomponnd  r.Hs.PI^.HI, 
.  ^,nniitifm  of  phwiylphnuphino.     The 
rf«nrive  odoj^ft'^i*^'"  ^han  water, 
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1»nmgii.tl6*WC.  (320OF.).    ItoxidiEM  in  th«Bir,  forming  phos phenyl 

i*aaily  (Wflublo  in  wattT.     PluMiyl- 


oxiile,  l',Ilji.PII,<>,  a  orvBtalLuii) 

phosphinn  iliM-d  not  dinBulvo  in  aqiiooUH  aciiia,  but  unitfS  with  dry  hyilro^rti 
lodifie,  forming  pli  eny  1  phos  p  hon  i  ii  ra  iod  iUe,  C|U|.Pil|l,  from 
which  tlitf  phfnylpho8phlii«  uiay  be  ecparatcd  by  water. 

Diethjfi-pheniflphogphine^  (.'gllj.P(CjH^),  formed  by  the  action  of  xincuethyl 
on  phoHphonyl  i^hhiriile,  and  tn^atnu-nt  of  the  pnMluet  with  eatistio  aoda, 
ift  a  wlorlcM  slrong-Bmelling  liquid,  having  a  8i>ccifii:  gravity  of  0.^^71  at 
130  C.  (57.20  ¥.),  boiling  at  2220  C,  (431. (P  K.),  infiolublo  in  wattT, 
fiolubli*  in  ocM,  but  not  forming  cryet&llizable  sails.  With  ethyl  i»diduA 
it  foriuM  thti  eumpouud  C,U2,i'(C,UA),[,  which  is  cryitalline,  and  eaaily 
Bolublo  in  water. 


Arsenic  Componnds. — Arg^niophmtfl cJthridt^  C^ll^ABCl^t  formed 
by  liiu  acliuu  of  artiviiiuus  cliitiride  on  miTcury-diphtiiiyl,  js  a  In-avy  coi^r- 
leu  liquid,  boiliug  at  2b'J^^'Z5[>^  C.  (485.(p-4t»l^  K.),  not  dtxx)uipiw<><l  by 
water,  aolubtc  in  alkali<;s.  It  anitos  with  ohlorinu,  forming  a  roddish- 
yellow  liquid  Mrachtoriile,  C^lIjAsClj,  which  i«  deiXimpc^sL-d  by  water  into 
hydrochloric  and  phony  larsi  n  ic  acids,  C,H^AsO(OU),,  cryntAllUlug 
in  lung  HL'edb^  which  mylt  at  IGc*^  C.  (334.40  F.). 

Ant^nin-difihenyl  cJtlorute^  or  PkfayfcatMtfi/i  chlaritU^  (CjTIjJiAsCl,  formed  in 
Bmall  qnantlty,  togettuT  with  Ihu  preceding  compound,  is  a  thick  oil, 
boiling  abuvt!  30L>O  C.  (GitL'O  p.),  not  duouuipost!d  by  water.  It  unites 
with  rA/onnr,  forming  tliH  tr  i  c  lilor  i  de,  (('gEtj),A8('lj,  wbich  mdta  at 
174-^  C  (34;'>,;2'^  F.),  and  is  deuomposed  by  warm  water  into  hydroehlorlo 
acid  and  pbcny  Icaoody  lie  acid,  (CsIl^),A8i>.011,  wliich  cryittallises 
in  needlos,  slightly  soluble  in  water,  melting  at  174^  C  (345. 2P  F.). 

Bllloo-phenyl  Compounds.— The  eA/an'de,  C,H«SiC1j, obtained 
by  heating  mtTcurv-dipli**nyl  with  silioio  chloride,  SlCl^,  Uy  300^  C.  (57^ 
F.),  is  a  liquid  which  fumes  in  the  air,  and  boils  at  197^  C.  (386.0°  P.). 
Jt  is  decomposed  by  wal^-r,  with  formation  of  silico-bunzoic  acid, 
Cfllj.diO.OU.  i.e.,  beiuoio   acid   in  which   the   C   of  the  group   COOII   is 

_.    replaced  by  Si.     With  alcohol,  the  triethylic  ether,  C,Hj.Si(OC,Hj)j,  is 

bjbrmed,  as  a  liquid  boiling  at  237^  C.  (458.tiO  F.>. 

Meronry-dlphenyl,  <f^«ns)JTjr,  is  fortned  by  hentlnir  a  solution 
of  brmmtlx-TizrnL'    in   Ix-iurnt'  f"r  a  considerable   timi?  with   liquid  sodium- 

■  Amalgam,  the  reartion  being  facilitat^vl  by  ad<)ition  of  a  little  nr<<tio  Ather. 
It  crystallizes  in  uolorless  rhombic  prisms,  m^lta  at  120O  0,  (24^^  F.),  and 
may  bti  sublimed;  turns  ytdlow  on  f*xposur«>  to  the  air;  dUsnlves  eaj^ily 
iu  brnzone  and  carlntn  sulphidr  :  less  t-aKily  in  ether  and  in  alcohol  ;  not 
at  all  ill  water.  Wlien  itiHtilled  it  Ik,  fiir  th«  mont  pnrt.  deoomposcHl  into 
diphitnyt,  benxeni*.  and  mercury.  Acidn  rii>cnmpo««  it,  with  formation  of 
beusene  and  mercnry  salts.  When  treated  with  two  molwulr*  of  chlo- 
rine, bromini*,  or  iodine,  it  in  dt>com|Kw«d  into  roouochlorubeiiseoe,  etc., 
mod  a  halogen -nnm|>ound  of  mercury  ;  e-t  g.i 

(C,HO,Hg    +     2CI,    »     aC,H,ri    +     HgO,  . 

With  one  molecule  of  the  halogen  element,  haln^td-componnds  are  formed, 
like  t^Ili.Ut:!,  fnmi  wliich,  by  the  action  of  mniitt  silpcr  oxide,  the  hy- 
droxide, CjH^.Hg.OH,  is  formml,  a  crystalline,  atroQgly  alkaline  cowjwuud 
which  expeU  9Mnm<^*nia  from  anuooninra  salt«. 

1\* 
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Those,  like  other  toluene  deriTAtiTes,  admit  of 

Moording  a*  the  NU,  group  ii  sittuUed  in  the  prinoipal  or  the  latMgj  iU 
(p.  813). 

Tolnidine,  C,H,N  —  CjH.CNHO.CH,.— Thhi  l>»»e, 
anilino,  exhibits  the  three  modiAcations,  ortho-,  met»-,  and 
are    obtained    by  reduction  of   the    three  oorreapondiu 
CIIiCNOJ.CH,, 

P  a  r  a  - 1  o  1  n  I  d  i  n  0  (ordinary  toluidine) .  C«.CH,.H.H.KR^^  ftriM  1«) 
oolorloflfl  tabular  orystaU,  heavier  than  water,  Terj  •pvi^^^  aolabl*  J 
water,  easily  in  alcohol  and  other.  It  melts  at  450  C.  (llSRol^.)^  wut^  , 
108O  C.  (288.4P  F.):  ^^^  ^-^  aromatic  taste  and  odor,  a  rery  Ibabis  alk 
line  reaction;  doos  not  give  any  colored  reaction  with  diiarida  of  Ua 
It  forms  orystalllne  salts,  but  is  a  weak  base,  incapable  of  iiaatcalWl 
sulphuric  acid.  With  acetyl  chloride  it  forms  aoetoparatotnidtai 
G,H4(NH.C,U,0).CiIg,  a  crystalline  compound  melting  at  14SOG.  OM 
F.). 

Ortho-toluidlne,  also  called  /Wi«2Mo?uu/uie,  Is  a  cqlorloas^  neoln 
liquid,  biHioming  rostj-oolnrud  (>n  oxpoKure  to  the  air.  It  has  a  denaitrc 
1.00  at  IGO  C.  (tiO.SO  F.),  bt>ila  at  199.50  C.  (390.33  F.),  and  does  a 
solidify  ut — 20O  C.  ( — 40  F.)<  Its  acotyl-derivative  melts  at  107O  i 
(224.00  F.). 

Mota-toluidlne,  from  metanitrotoluene,  la  a  colorless  liquid  o 
spwillo  gravity  0.91)8  nt  ir>0  C.  (SSJO  l-\),  boiling  at  197©  C.  (38ti.ao  p.] 
not  Holidifying  at  —  i:io  C.  (8.0*0  F.)-  Its  auetyl-derivative  melta  at  65.9 
C.  (149.!>OF.). 

Cummoruinl   toluidtno,  from  aniline  works,  is  a  mixture  of  ortho-  an 

fiara-toluidino,  tliu  lattur  of  whicli  partly  crystalHziS  out  on  cooling  to  i 
iiw  tnmporatiiro.  Tu  Heparato  tho  ortlio-toluidino  from  the  still  diasolrei 
para-mo.  li  Heat  ion,  the  liquid  is  hoatod  with  glacial  acetic  acid,  wherebj 
the  two  ba.i»H  are  oou vortttd  into  acetotol  uiden  ;  these  aru  dissolved  in  stroni 
aoetio  aoid,  anil  the  solution  is  diluted  with  80  parts  of  water,  whereby 
the  auotoparatoluiilo  U  ]>rucipitatud,  while  the  acetorthotoluide  remains  in 
solution;  or  thu  mixture  of  the  two  Imsus  is  heated  successively  with 
oxalio  acid  an<l  other,  wlieroby  an  oxalate  of  paratoluidine  is  flrsi  sepa- 
rated, the  ortho-salt  remaiuing  dissolved. 

Bansylamtne,  CtH^.CH/NH,),  or  NH,(C,H,).— This  oomponnd, 
mjtaiuitrio  with  toluidiuo,  is  obtained,  together  with  dibenzjflGmitu, 
Nii(Cf  II})],  and  tribanziilamM,  NCCjH,),,  by  the  action  of  alooholio  ammouia 
on  bouzyl  chloride,  CeH^.CH^Cl  (p.  82(>). 

Benxylamine  is  a  oolorltwa  liqnid,  boiling  at  IBSO  C.  (3650  p.).  \% 
mixes  in  all  proportions  with  water,  and  is  separated  therefrom  by  potash. 
It  i»  a  much  stronger  base  than  toluidine  ;  absorbs  carbon  dioxide  rapidly, 
forming  a  crystalline  carbonate  ;  unites  readily  with  acids,  producing  rise 
of  temperature ;  and  fumtw  with  hydrochloric  acid.  The  hydrochloride 
ory8tallii(»s  in  striated  tables  ;  the  platinochtoride,  2NH,(CjIl,)Cl.PtCl4,  in 
or^nge-cojored  laminse. 

Dibenjiflamine,  (C,H^),NH,  is  a  colorless  viscid  liquid,  insolnble  in  water, 
ly  soiuble  in  alcohol  and  ether  :  having  a  specific  gravitv  of  1,033  at 

q.  (57.20  F.),  ^  /  .VVFF 
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Triltetizylu  mine 
910C.  (l!»5.HOF.) 

easily  in  hot  alivthol  aud  in  ether.     lUt  liydrocIilorUi 
Of  dry  hyi1roj<rn  cliloriiU*.  is  rwwIveU  iuto  benzyl  cbluriilc*  ami  the  hytlr»- 
ohloridu  of  dibunzylaminr. 


(C,nT)3N,  forms  colorless  ueedlps  or  laiuiu»,  incdliug 
insoluljle  in  water,  slightly  unlubli*  in  f^old  altwhal, 

hentud  in  a  stn*um 


Dlamidotoloen*!  vt  Tolylene-dlamlnes,  <^'«n3(NU,),. 
CU,. — Tlir  iiHHiiti.ation  1:2:4  (CH,  in  1},  obtain<'d  by  n*(hu'liou  of  dini- 
trololui'uo  melting  at  10.b<^  C.  (158.90  p.),  with  tin  and  hydrochloric  acid, 
crystalliAw  in  long  needles,  mt-lU  at  9i»o  C.  (illO.SO  p.).  and  boils  at  280O 
C.  (53UG  F.}.  1:3:4,  obtained  by  ri'dactiou  of  molanitro-paratoiuidine, 
forms  colorluaa  scales,  ouiUuig  at  ad.50  C.  (191.30  F.),  boiliog  al  'MSbO  C. 

(soa^  F.). 
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MetaxyUdlne,  C,H„N  ^  C.n,fNn,).(CHj)„  Cnmldlno,  QHiaN.  or 
probtthl^v  l',H4(NH,).CjH^,  and  Cymidliie,  ('mU,jN,  or  C,t,H,3(NH,),  !»»- 
nmingous  with  toluidint*,  ar«*  obtaiui'il  in  liko  ninnntT  by  reilnctiou  of  the 
corn-siMinding  nilro-<lerivatir*'a.  Xylidino  boils  at  2HC*-2lGO  C.  (417.2^ 
420.hO  K.)  ;  rnmidine  at  225'^  C,  (437©  F.)  ;  cvmiiline  at  250^  C.  (4«»20  P.)* 
Xylidiue  aod  uiuuldino  foriu  weU-i:ryatalliz«d  Halts. 

Hestdiueor  Amidomositylone,  C^II^CCn^ji.NII,  (tho  thr«o  CU^- 
groups  symminrical,  1:3:  .1),  Is  liquid.  I^itrottirau/inr,  C,li,„(NO,)(NIJ,), 
mell.H  at  luuo  ;  diumdomn^Uyfmt,  C,a,o<.Nn^)„  al  91)°  C.  (ll»40  F.). 

Xylylamlne,  C„n„N«  Nn,C,U,s*C,U/CU,).CH,Nn,.  homologous  with 
beuzylaiiiinij,  is  ubtaiai*d,  to^i  thur  witli  t/ixyiyinmiar,  NII(CgHg)»  and  frixy* 
lyUunine,  N(*-'>H,)„  by  heating  xylyl  i*hh»ridc,  (•,H^(rHj).CH,.Cl,  with  alco- 
holic ammonia  in  sealtHl  tubes.  These  three  bast:>s  arooily  liquifls,STUolling 
like  hHrring-piekle,  lij^hter  than  water,  insoluble  therein,  easily  soluble  in 
alenliol  and  ethor.  Xvlvlnminc  tHiils  nt  190^  C.  (384.80  F.)  ;  dixvlytamlnu 
decoinposea  at  21(>o  C*.  (4100  p.). 

Cumyiamint^,  the  9-earbon  baae  metamerio  with  coinidine  and  homologous 
with  l>euzyliimiue,  has  not  boou  obtaluod. 

Oymylamino,  Cu,H„N  =  NH,(C,on„)  =  C,n4(CH0.CiH,(NH,),  Is  ob- 
tained, to};ethor  with  di-  and  tri-cymiflaiHitu'^  by  heating  cymyl  cbloridu 
with  alooholio  ammonia  in  sealed  tubes.  Cymylamine  and  dicymylumiua 
are  oily  liquids,  boiling  with  decomposition,  the  former  at  2H(i^  C.  (53G(J  p.), 
tho  latter  iiUuve  3Ul>0  (,'.  (.'u*.^  p.).  TriiyiHi/hmine  crysumixca  iu  rhou- 
boidal  lamiux,  melting  at  bl^820  C.  (I77.&^179.tP  P.). 


A^ILIXB    DTB8, 


Aniline  has  during  the  last  few  jcsrs  found  an  ext«naiT6  application  In 
the  arts,  a  long  serira  of  coloring  matters  unequalled  in  brIlUanoy  and 
bftanty  having,  by  the  action  of  different  oxidizing  agent;),  btwu  pro- 
duced from  it.  It  wns  Mr.  W.  I!.  Perkin  who  0rttl  wmcfivivl  the  happy 
idea  of  applyUig  prneticftlly  the  well-known  property  possess*'*!  by  aniline^ 
of  forming  vtol<-t  and  hliic  nolutionfl  when  treatetl  with  a  solution  of  ohlo- 
riU<'  of  lime  or  rhmmic  arid.     Me  sueceeded  in  fixing  these  colors,  and 

inglug  them  iuto  a  form  adapted  for  the  dyer. 


^^bringlug 
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AniUoO'purplo  or  Mauve,  the  first  discorored  of  the  a&ills 

dy»fs  (Ihixi).  IS  pr.'part-il  \ty  tutxing  snItitioiiR  of  nniline  flolphato  And  pott 
siam  bichroraati!  in  otiaivaleni  jjr(»i>"rtimig,  ami  aUnwin>;  th>*  tnixture 
Btand  for  several  liours.  The  black  procipitatu  formed  is  filtered  off  ai 
purifitid  from  admixed  potaiisitim  Aiilphato  hy  washing  with  watcT;  it 
tht'n  dripd  and  fr^-'tfl  from  resiiume  luattur  b^  repeated  digestion  with  coi 
tar  naphtha,  and  tlnally  disRolviil  m  boiling  alcohol.  For  its  further  put 
fieation,  the  alcoholic  solution  i&  t*vaporatt'd  to  dryneati,  the  substancf) 
dissolved  in  a  large  quantity  of  boiling  waU*r,  repret-ipitati*d  with  cauat 
Boda,  woMhtjd  with  water,  and  dj^solved  iu  alcohol ;  and  the  filteriNi  snti 
tion  Ifl  evaporated  to  dryness.  Maave  thus  prepared  forms  a  britllf  aul 
Btanoe,  having  a  k^autlful  bronae  colored  siirfar*! :  it  is  difficultly  solubl 
in  ivild  water,  although  it  imparts  a  dcM^p  purpLu  color  to  that  liquid  ;  il  ] 
more  soluble  in  hot  water,  very  soluble  iu  alc^iliol,  nearly  insoluble  in  eth^ 
and  hydrooarlwiM :  it  diR!iolvt>fl  in  conct^ntrnted  ac4<tie  arid,  from  which  j 
crystallizi'R.  Mauve  U  the  sulphate  of  a  b.iso  called  maurelne,  bAviq 
the  coiupuailion  C'^gU^jN,,  and  capable  of  forming  cryslailino  aalta  wit 
acidfl. 

■ 

Anlllne-red,  RosaniUne.  C.,H,aX,  (or  r,oHi,N,).— vSalts  of  tUi 
Imm  occiur  more  or  leds  pure  ni  conmicrce  under  llieiiaiuoH  ri>*ri/it<,j'ucAjaa4 
muf^enfa,  azaieinc,  i>te.  A  n*«l  c<dor  had  bfen  ol»iervcd  at  ditfercnt  times  ij 
experinieiuing  with  aniline,  more  eaptti-ially  when  that  anlistnncfl  waa  di 
gested  with  Dutch  liquid.  The  red  coloring  matter,  though  atill  impuro) 
was  first  obtained  in  a  separate  state  from  the  product  formetl  by  digesting 
aniline  with  rarlx>n  tetrachloride  at  151.0  ('.,  (302O  p.j^  in  which  reaction 
it  ia  formed,  together  with  iriphenylguanidine.  Verguin  (1858)  first  pr& 
pared  it  on  a  large  scale  by  the  action  of  Htannic  chloride  upon  aniline; 
and  it  hnA  Binc*<  lit^cn  produe^yl  by  the  action  of  mer«uriosaltA,  arsenic  aiid, 
and  many  other  oxidizing  a^"-'ntH,  upi>n  aniline.  The  must  advAutagix>ui 
moile  of  preparation  is  the  foJIowing  :  A  mixture  of  I'l  parts  of  the  drji 
arsenic  acid  which  occurs  in  commerce,  and  10  pnrtii  of  aniline,  ia  beatod 
to  VJAlO  ur  14<»o  C.  (i;5LO-2S4^  1'.),  with  addition  of  water,  for  about  ai^ 
hours.  The  product,  which  is  a  hard  mass  having  the  lustre  of  bronze,  ii 
dissolved  In  hot  water  and  precipitated  by  a  slight  excess  of  smla;  thi 
precipitate  when  washed  with  water,  and  dissolved  in  acetic  acid,  forml 
the  roseine  of  ccMnraerce.  In  onlcr  to  purify  this  still  crude  substance,  it 
is  boiled  with  an  excess  of  st^xla,  to  separate  any  aniline  that  it  may  con- 
tain ;  and  the  waahe<l  precipitate  is  dissolved  in  very  dilute  mineral  acid, 
filtered  from  undissolved  tarry  matter,  and  reprecipitated  with  alkali. 
The  compounds  of  roNaniUne  with  one  moletmlu  of  acid  are  beautifnll/ 
cryslalliKed  auhstances,  which  in  the  dry  state  have  a  green  color  with 
golden  lustre ;  with  water  they  yield  a  very  intensely  colored  dmI  solution. 
The  free  base,  first  obtained  by  Nicholson,  prcTtents  itself  in  colorless  ur.va* 
talline  plates,  insoluble  iu  water,  soluble  in  alcohol  and  ether,  with  a  red 
color,  which  it  also  acquires  on  exposure  t»  the  air. 

Rosaniline  in  the  anhydrous  state  is  represented  by  the  fbrraulag 
Cytl^t^'ai  and  in  the  hydrat^Hl  state,  auch  ah  it  as8nmt«  when  iaolatetl 
from  its  iroiiipnunds.  by  the  formula  C^II^N^.H^O.  It  is  a  triamino  oapablfl 
of  fonning  mnnoacid,  biaeid,  and  triacifl  salts.  The  iniiHiie-reds  of  oono' 
merue  are  monnacid  salts  of  rosaniline,  more  or  b.yts  pure.  The  aoetatag 
which  is  chierty  found  in  commercu  in  En^dand,  has  been  prepared  by 
Nicholmm  in  splendid  crystals  of  very  considerable  dimen.tionn,  liaving 
the  cwniposilion  <'„li»^\-*"ill4'^r  '"  France  the  hydrochloride,  C„H,,N^ 
Ht'l,  ia  chlefiy  employed.  The  action  of  ammonium  sulpliide  upon  rtisani- 
line  gives   rise  to  Uucaniline.  C,oH„N'j„  a  base  containing  tw 

of  hydrogen.     This  base  Is  iUelf  oolurluss,  aad  forma  oolorl 


litiona^ 
eastrM 
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lU,  such  u  Cj^n^Nj.UUCl.  OxUiiing  agniU  reconvert  it  iaio 
lliue 
luoleculAr  oonstitutiou  of  roeaniliuo  hna  not  been  distinctly  made 
it.  aii*i  tlnTe  is  rvon  sornn  doubt  (as  ftl>ovi-  iiuLit-ated)  with  r*^t,M.Ht  to  il« 
'empirieul  foruiuU.  It^  uiocLv  of  furmatiuii,  aUo,  ia  not  lluirouglily  uuder- 
Btoml  :  liut  oiii*  very  iiiipurtaiit  fai-t  litut  \m,vu  bruuglit  to  liglit  by  llie 
nweJircUm  of  Uofmauu,  and  confirmL-d  by  iltt*  •'X]K'rii<itco  of  T)ijiiiurn<<ttiren4 
-OMinuly,  tlint  punt  nnilims  fruai  wliat<'vcr  gourcL^  it  luay  hv  ubtainitl,  in 
iuoapabli*  of  funiittliing  aniline-red.  ConiuKTcial  Aniline  preparud  froiu 
ooal-tar  always,  in  faot,  coutaius  toluidiuu  as  well  as  aniline;  and  Uof- 
luann  Una  Khown  that  tlie  pr*':«euce  of  tliiit  ba^e,  together  with  aniline,  is 
eAsential  to  the  formatiuu  of  the  retl  dye.  Toliiiiline  by  it«elf  in  Juat  as 
inenpAhle  of  yielding  tho  red  m  pure  aniline,  but  when  a  mixture  of  pure 
aoilini*  and  pure  toluidiiie  is  treated  M'ith  Kt.innic  or  mercuric  chloride,  or 
with  nr»enio  sund,  the  red  coloring  matter  ih  immediately  produced.  If 
tlie  furumla  ^'wll|t^i  b«  iwrruct,  tliu  furumtiou  uf  ructauiliuu  may  pi'rhaps 
be  repruftunlefl  by  the  equation  : 

C^H^N    +     2C,H,N    -    C«,H..N. 
Anllloei.  Tolutdlne.  Ru«Aiiillae. 


-h     3H.; 


and  ita  atruoturo  by  the  formula : 


;.H,<^ 


NH.C, 


or 


Mi.c.u.<e-,i» 


But  rnaaniline  is  ccnrerted  by  nitroim  acid  into  anrin  or  rosolic  aciiJ, 
whk'h,  nciording  to  tho  rtHjont  experiments  of  Dale  wnil  tftlu'rlemmer,* 
ban  tlm  composition  C,oII„<.>„  aini  is  reoonvert^fl  into  nienniline  Ity  healing 
with  aloolioiio  ammonia.     According  to  thiA,  rosaniline  ftbould  have  the 


N,,  the   two  reavlioiu  jUHt   mentiimiHl  being  ruprcseuteii  by 


'u"»» 


iha  equatioua  : 


and 


r«rf,.o. 


3N0,II     » 

4.    3xn, 


c«H.A   + 


:>   +   3N,, 

3lip . 


Aniline  Blue  and  Aniline  Violet. — fHrard  and  De  Ijiire  obtained 
•niline  blue  by  digeitting  rirs.-inilinn  with  an  exei'ita  of  aniline  at  l.Stl^^ltiliC 
C.  (:i02^a*iO  r.).  Together  with  aniline  blue,  which  is  the  prinei|uil 
pHKluel  of  the  reaction,  auvural  other  coloring  mattere  (violet  and  );reen), 
and  indifferent  AultAtanceji,  are  formed,  considerable  quantities  of  ammonia 
beiuK  invariably  evolved.  The  crude  blue  is  puritled  hy  tn«tin^  it  suu- 
oeuively  with  boiling;  water  a«:idt(i<'>d  with  hy<lroi-hhtric  a4ri'l,  and  with 
pnre  water.  Th"  blue  coloring  matter  is  said  t<*  be  obtained  from  its  boil- 
ing alcoholic  solution  in  brilliant  needles.  It  oonnists  of  the  hydrochlo- 
ride of  triph^ntft-roMniline,  t'»U,«(f'«ni)j.  By  henlinK  roHJUiiline  with 
ethyl  iorlide,  Hofmann  has  obtained  an  anilino  violet,  havlnjr  the  compo- 
sition of  bydrlodide  of  triethfff-rosaHifinr,  C„n„(C,Hi),Nj.  Another  aniline 
violet  is  proflnc*.**!  by  heating  rosanilino  with  a  quantity  of  oniliuo  leas 
than  Buffleient  to  form  aniline  bine. 

Other  aniline  violeta  are  prixluced  by  the  a»3tiori  of  stannic  eliJorid*» 
tntTourio  chloride,  or  lodino  ohlorids  on  methyl- an i lino  and  dimethyl- 
Auiline. 

•  Cbea.  Soo.  Journal,  187T*  toL  U-  p.  Ul. 
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AniUna  Greens  — The  meet  impctrUnt  of  lliemr  eoUuv  an  Ui( 

A»  "nl.irhjul.  ^-nHMi     an<l  *'itidinf  K'"^n.*'     The   torm^  h  pi 
■tiding  1^  pnrtji  kM>'Iiv(I<*  to  «  nil<l  »ulutii»n  of  niA^^nta  In  e  uif] 
parts  stmiiK  viiltihurti?  Ai'jd  nnrj  1  part  wntr-r,      Tli**  niix1*ir«*  H  flu 
In  a  WAtt^r-lfttlh   till  m  drop  of  the  pnidii'       '    ' 
fliit*  blut*  I'viliir,  aiitl  then  piiiiri<«I  iiiUi  «  !>■> 

ph»l«.     Tbi*  lu|ui(l  bt  ili«<n   iNiilml  fur  ft  a 

irjii^   (watJilna   thf  Kre»«ti,  which    ni«y  he    pr* 

MNtlum-Ai^tatr.     Alrlfh/dp  grrtfti  Id  principfliji_  ,^ 

U  a  aeU  itf  en  urgaato  beaa  which  iiuij  be  9ej>«rst«<l   bj-  wiireiw  of  e^' 
eminonle. 

liMliiH*  K*^"*"!  t*  produced  by  heating  thf*Tinl<»t«  of  tnVchrl-  or  trtrartt 
rDaauiljiio  (Mftfin.-iitn'ti  v1olttt«)  or  iho  mfthyJ-aiiiliiie  vi(>~]#.ts.  nitli  imll 
»tf  iiifihvl.  rihvl,  ur  ainri,  Thtj  ^rwii  thus  t>ht.iin(Hl  with  nj«*lbyl  iodii*' 
ha4  a  «-ttr/  duv  %^>Utr,  hluor  than  that  nf  aMfhydt-  grr*t.*u.  ajkI,  likt  t^ 
lallrr,  pnitcrvtit  Its  c<ih>r  by  artiljuial  light.  It  is  uiuch  lis^mI  for 
end  »ilk  dvciiig. 

•\  ihtnl  kindof  eiiltln«?grcu>n,  known  coiuiimoielly  aa  '*  I'erkin'a 
r«e«iubtc<«  Ihv  ludiue  grouu,  aud  ia  luuoh  usvd  for  caliou^piriuting. 

ChryeenlUna,  C„II„X,  (or  CppHisN.f),  is  forniml  aa   a   secondary. 

diii-t  III  ihf  pn'paratioii  uf  auiliui*  red.  It  m  a  well-dulJutKl  Ikoix*,  (*mui 
two  «t*rimt  of  solta,  ninett  of  which  are  well  cry^itaUuccd.  Tb«  two  hydi^ 
ohloridm  of  ohrysaniUnA  are  CpH^N'j.HCl,  and  CV^Uj,N,.2llC].  Tb< 
nitratn.  C^H^Na-NOall,  U  so  IitlK'  «oluble  in  water  that  nilrio  iLcid  may  t* 
prt*eipitaleil  own  froiii  a  dilitto  solutioii  of  uitrattis  by  mt^aua  of  ili«  nort 
aoliibla  hydruohluride  or  awtatti  of  chryaaulUuii, 


Anlltne  Brown  in  obtaim*d  by  heating  4  parts  of  aniline  bydi 
Tidv  to  'i4tV  C.  (464^  F.)  with  1  part  of  eniliue  violet  or  auiliav  blue. 

Aniline  Blaok. — RUckn  nf  p*eat  intenHtty  aro  produced  en  caJioo 
prlutiii)<  u'lth  a  tiiixl iirt' of  (iiulitit*,  |H>Ljt-ss[uui  t'hloriite,  ai]<t  a  iDtitall 
tH>iu)>iMithl — iho  uiio  most  gfurrally  u^M  iM-iiig  uuprk*  sulphide.  Th< 
|Hwitioii  nf  ttiiilifitf  black  itf  not  known,  neither  ia  its  moilu  of  fnrmati< 
w«dl  underatiKKl ;  but  it  Ap]M»ara  to  doiJt'nd  ti{N)n  oxidation  of  the  aiiilil 
by  Ibn  uhlorati*  and  the  euprit-  Biilphide,  theHe  rompniindii  U'ln^;  ihert>1 
iwdUiwMt,  and  an*<rwAnU  rtKixidix4*d  by  the  uxygen  of  iIih  air,  so  that  thi 
e\t4  aa  i<arrieni  of  oxygen.  Tlie  fiikeflt  black  ia  obtained  with  vanadii 
%tk\i*.  nhleh  eiutily  under}ri)  oxidation  and  rt^Hiuetion. 

W"'"".  aliio  fonuit  coloring  tii.ittt^rs  witli  xylidine.     Xyii^inf-rotaniline,^ 
■  <«ei>ordiiijk'  to  the  equation  CgH,N  4"  lil^aH|,N  =s  C^H^N,  +  311,, 
•  •  «ti«  of  tt  Hue  oriuauu  color* 


ASO-  AND  DIAZO  COMPOUNDS. 


Tt.  viMsU  are  derlvtvl  from  the  aromntic  hydroenrhons  byenl 

tut  I  uM  id  nitMiijeu  for  2  atonu  of  hydrogen,  the  nitrogen  ap| 

■I*  «  uiilvaleitt    radli'lo.     In   the  ajuvivmiimuuda   the  ti 
arik  united  to  one  another  by  a  part  of  their  combinii 
vu.v*''^^^^'^'  ^^'*l  v*^  ^^  dinwtly  oouibined  with  the  carbon  of  a  b«uist 
rvaulua  i  iUua : 


AZ0BEN2ENX. 
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k 


II 

Aiobeiueuf. 


— C,H, 


AzDKybcnicne 


Uydrazobruzcne. 


In    tlie  diaxo-coiuponnds,  only  one  of  the   nitrogt^n-atoniB   \»   directly 
HnkcU  to  the  carbon  of  a  bRnzeue-rettidiie,  while  tho  free  onmhiniiig  nnit 
of  tilt;  utlivr  is  saltisfivd  either  by  a  halogen-«lfmout  ur  by  an  acid  rttsldoei 
or  generally  in  Bome  way  dilTtfrt'nl  from  Ihe  first ;  thua  : 

■  II 

^^m  DlMKuticnzeDfi  DiazobcnzoDO  DMzobrbzcDe- 

^^  bromiiie.  nitrate.  aiui(Jut>cuxcDe. 

The  azo-corapounde  are  formed:  1.  By  the  action  nf  cerlnin  rednoing 
agentts  on  the  nitrt>-d«*rivative9  of  the  aromatic  liydrcnrarbouH  ;  2.  By  oxi- 
datinn  of  aniline.  They  may,  inrift-d,  be  rcgimlcd  nn  Hteppinjf-ntoncs 
from  th^  Tiiiro-  to  the  amido-dtrrivativen,  as  ahown  by  the  following 
formula  : — 


Kqulrxltfot 
formula. 

MolMular 
fornulia. 

Nitrobeniene 
AzoxyWnzene 
AzdlH'Mzenu            . 
lIydrazoh«mxene  . 
Amidobi'uicno 

.     C,H,NO, 

.     C.H.NO«       . 

.   c.n,N 
.   c.a,N 

.     C„H,.N.O 

Tlic  hyrlropcn  of  the  bonzpne-nnclHUs  in  these  bodies  may  be  partly  re- 
placed by  the  halogen-elements  and  the  groups  N0|,  Ntl„  tiO,H,  etc. 

Asoxybensene,   r„n,(,N.O,   or  Atorifhtfizidf,   in  formed   by  the 

action  of  imt.mh  or  sixIa,  or  of  .•tiMiium-anml^nm  on  nitrot>enxene  in  alco- 
huliu  Hulutjitii.  r«itri>lMjuzent;  (1  vol.)  in  tli»i>()lv*Hl  in  ettrong  alcoliul  (S-10 
vol.)  and  a  quantity  of  dry  jHilasuium  hydruxide,  e^uul  in  weiglit  to  the 
ni(robenx4'ne.  is  added;  the  liquid,  which  bt'oometi  be'itfHl  8[Mintaneoualy, 
is  lM}iled  for  soniti  time  ;  tho  alcoiio)  is  then  diHtilled  off  till  ttie  residual 
liquid  separates  into  two  layers  ;  and  the  npper  brown  layrr,  which  oon- 
taini)  the  azoxybenzene,  is  washed  with  water,  whereupon  it  Holidifiea  to 
a  cryBtalllne  mass,  which  is  recrystallized  from  alcohol. 

Azoxyb'nxene  forms  long,  yellow  needl''s,  inHoluMe  in  water,  eaally 
S'lliibJ**  in  aK-<ihoI  and  ether.  It  ni.'lti*  at  3(iO  C.  (9t;.8^  F,),  and  in  decom- 
poBed  by  distillation  into  aniline  anil  azolx'n/ene.  By  reducing  agents  it  is 
eoiiverted  into  nzulM-nzene  and  hydrnznbeuzene.  It  yields  two  mimonitro- 
dei-ivatirefl,  one  melting  at  1430  c.  (289.40  p.),  the  other  at  490  C. 
(120.20  K.). 

Asobensene,  C„H,oNp  Ainfumzitfet  Is  formed  by  the  action  of  Iron 
ami  acetic  ni;id,  nr  better,  of  sodium-amalgam,  on  nitmbenzene.  On  heat- 
in^the  pntducts.  thu  azobenaene  distils  nrer  ns  a  yellow  oil,  which  solidifiea 
in  the  receiver,  while  azoxyU-nzene  remainB  behind. 

AzoWnzene  crystallizt's  in  large  yellowi'ih-ri*d  lamina*,  fipnringly  finlnbls 
in  water,  easilr  in  alcohol  and  ether.  It  melts  at  66.SO  C.  (ISLT^  F.) 
and  distils  at  2J>;iO  r.  (.SA9.40  F.).  By  tho  action  of  ammonium  snlphide 
and  other  reducing  agents,  it  is  conrerted  into  hydrazo  benzene  and 
the  isomeric  compound  benzidine.  With  bromino  it  forms  the  onm- 
pound  C„Hn,Br,N,,  or  r,Hj— BrX— NBr — C^Hj,  and  with  nitric  acid  a 
luno-  and  a  dinilro-derivative. 
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ADillii»  Or««iia  — TIk*  tami  Importatit  of  tbes*  flokm  an  tbMibm| 

lUilinx  I J  pJiru  alili-liV'li'  to  b  cnlil  mtAutiou  of  mmgonm  tn  k  aarHii**' 
ttirU  ilmn^  tulphtirir  swiil  Kud  I  |»*rt  «rat*T.      Thf  mWlaiv  it  •h-^^'*-' 

a  wat«r-balh   till  a  rlrop  of  the   prodit.  r 
111*  bliM  oiiltir,  Aiiil  Ihi'fi  |Kttirt^l  inUi  •  Ijo 

»haU.     TbH   liiinid  bi  thfii   twiltKl  Tor  a  s  „].    i^^- 

raU*  oonUinii   th"   gn-.Mi,  wbirb   maj-  b.  inaia  «  »! 

'■oilinm-arwtAtc.     Abb'hydr   grwu   ia    priii.  ^  _ ,    ^,^  ^.,V-d/w«|-  ^ 

b  a  Mil  ikf  aa  organlo  bas«  wbfob  nu^  be  scpAratod   b/  meam  of  »^ • 
auinionia, 

IrMlino  griM'Ti  is  pn>duc«*d  bybealinp  tbr  vjoleta  of  trictlirl-    ' 
roAAnilinf  (llnriuAiin'it  vioU-ts)  or  tbf  iDtfilivl-Auiliii**  violrt?- 
of  tuulh.vl,  elb.vl,  or  iimvl.     TU**  gn'cii  tbiiti  obtninttl  wilh  tu>\h 
hn*  a  verjr  fmo   color,  hlutT   than    DiiU  nf  altj.iiiy.ic.   ^rf***tt,  ami. 
latter,  pn-Horyea  iu  color   by  nrlilioia]   light.      It  ia   ujuch  u*M  tat 
aud  Milk  dyuiug. 

A  third  kind  of  anilint*  green,  known  coiumeroi&lly  as  **  Perklu'*  gmo, 
reaviublos  the  iodine  grtwu,  aud  b  much  uaed  for  o«liai>-pruiUag. 

Chryaanlllne,  r„H„N,  (or  C^H,jN,  P),  U  f«»rmnd  ah  a  »«»oJaf7i«» 
duct  ill  till'  prt'jinratiuii  of  ariiliuM  rtni.  It  is  a  ^t^'ll-deXiiitvl  \msr>  fo'mtitf 
two  flcrk'ii  of  AAhA,  mottt  of  which  are  well  cTjreitaIliB«.j.  y^^^  ^^n  h^dr- 
chloridwi  of  obr^uaniline  an*  L'^H„Nj.llCl,  and  C^Hj^N^.^HCI.  Tin 
nitratH,  rjgH„N,.NO,H,  in  «o  htlK-  Holublc  in  wal«r  that  nitric  «tud  nutf^ 
pr<fi|iitAti*d  L'vtm  from  a  dilute  solution  of  uitratua  b^  meruit  of  the  W 
aoiublif  bydrocliloridtj  or  ootitatD  of  cbrysauiline. 

AnUtne  Brown  is  obtaintHl  by  beating  4  parts  of  aniline  hvdivcUv- 
ridt^  to  1^40^  C.  (4G40  F.)  with  1  port  of  auiliuo  violtjt  or  aialiu«  Lloe. 

AnlUna  Blaok. — Blaeka  of  grL«at  intensity  an*  produo^i  on  calioD  hf 
priiiliii^' uitli  a  nu]i:liiri^  of  aiiiliue,  )HitiuMinin  i-hhiral<\  miti  a  metallk 
ooiu{KJuiiil — i\n}  <ino  most  RviierAll/  iKst^t  iH'Ing  cuprio  siiljtlii(|«.  The  mm* 
pottition  of  nniliue  black  Im  not  known,  m'ither  in  its  niiNir*  of  furmAtiiui 
woU  undcratood  ;  but  it  appears  tn  d(*ppnd  upon  oxidutittn  of  thf  Anitini' 
by  llu4  chlorAte  and  the  cupriu  Kiilpbide,  tht^e  oompoundH  bfinj*  tbrrrhr 
re<lui)ed»  and  afturwarda  rBoxidixi>ti  iiy  th»*  oxygen  of  the  uir,  so  that  thtrf 
aut  AA  (carriers  of  oxygen.  The  rlnest  blnek  i»  obtained  with  rauadiua 
aallK,  which  euiiily  undergo  oxidation  And  PMlui-liou. 

Aniline  also  forms  coloring  innttera  with  xytidine.  ^;fi"iine~ro§amiiatt 
prixhiced  aooordiug  to  the  equAtion  CiU^N  -f-  ^-s^^iN  ss  C^H^N^  ^  3U. 
SoruiH  aalta  of  a  fiu«  oriiuBou  color. 


AZO-  AND  DIAZO-COMPOUKDS. 


Th«e  com  pounds  are  derives!  from  the  aromntie  hydrorarl>ons  by  sal 
tutiou  of  2  atoiuM  of  nitrogeu  for  2  Atoms  of  hyilrogen,  llie  nitrogori  aj 
reutly  Acting   aa  a  univAlunt   ratlicle.     In   the   Axo-comijounds    the  two 
litrogen-AtomH  are  united  Ui  one  another  by  a  part  of  their  ooiubioing 
'\'\V3,  and   each  is  directly  combined  with  the  c&rbon  of  a  bvua«ac» 
lUu ;  tUuB : 


I 
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Th<»y  arft^  howevor,  Bomewhal  auslable,  and  are  apt  to  Ije  dftGomposed  hy 
th*"  wHtur  reHiiltingfrom  the  ri'action,  ttipecially  if  Iho  liquid  i«  hot,  with 
evolution  of  uitrogen,  and  formalion  of  hydroxyl-il^rrivativwi,  i.  e.,  phwDole  : 

4-     N,    +     ^'0,^, 


PlaxotiL'Qzeae 


PtieaoL 


ail  rate. 


the  final  resalt  being  t)ip  same  aa  if  the  nitroofi  acid  aetod  un  the  aromfltlo 
am idoHX>ni pound  in  tht*  aauu  way  that  it  actn  upon  thuaminus  aud  auiidvn 
of  tht!  fatty  auries  (p.  G40): 

A  hotter  mode  of  proparing  thti  dtaci>-comtxjuncl  is  to  add  Botutiuu  of  potoo- 
fiium  nitritti  to  a  itnlutiou  of  thu  ami  do-compound  in  nitric  acid  : 

C,H5(NH.).N<Vt     +     NO,K     +     NO.H 

=     C.lIj.Nj.NO,     +     NO3K     +     2H,0. 

Amido-compoundi^  in  which  the  hydrogen  of  tlie  NH,  group  in  partly  or 
wholly  r«plai>^  by  alixjhrd-rndiules,  generally  yield  th«  8aiu«  diaxo-com- 
]>oun<Li  aa  the  original  ainido-derivativwi,  thu  alcohol- ratii civs  U.*iiig  wjpa- 
rated  in  the  form  of  alcohoU  ; 


C,Ht.NHCC,Hi).NO,H  +   NO,H  =  C^H^.N^.NO,  +  C,U»OH  -f-  H,0 
Ethyl-aalltne  altnit«.  DlAZobrnzene 

nilmte. 

+    NO,H    »    (',H4.Nj.N0,    +    2C,HjOH 


Diethyt-noUlQe  altrate. 

Those,  on  the  contrary,  in  whioh  tho  hydrogen  of  Ihn  benfpne-nnclenn  is 
partly  ryplacwl  Ijy  CI,  Br,  NO,,  etc.,  yield  aulwtitulwi  diaio-ootupounds, 
trncU  a-H  C<H/n.N,.NO„  C\ll,(NO,).N,.NU,,  etc. 

When  nitrous  acid  aoLt  itjxm  an  aiuido-oompoand  in  tho  frefl  flUt«  in 
atcoholic  or  ethurtial  solution,  thu  product  is  a  dtazo-amido-oom- 
pou  nd  ;    thiiA  : 

2(C,II,.NI1,)     +     NO,H     =     ;  +     2H,0 . 

AnlUne.  Dlazo-nraldobenzeae. 

ThMft  enmpnnndjs  ar©  also  formed  by  tlj«  action  of  amines  or  their  salts 
on  tho  saltd  of  diazo-compoundit : 

C.IVN,.NOi  +  2(C,Hj.NH,)  =  r,H3.N,.Nn(r^Uj  -f-  r.n.N.NO,!! 

C,H,.N,.OK  +  C.Hi.(NH,).lI<l  =  C,Hj.Nj.NH(r.H,)  +  KH  +  n,0. 

By  this  reaction,  also,  mix»^  diaao-amido-oomponnda  mav  he  ohtained  :  for 
example  diazotoluene-amidobi^nienp,  C,H,,N,.NH.C.H.,  from  tolnidine  and 
a  «aU  of  diaznbcnxene.  * 

In  lilcp  manner,  'liazo-amido-compniinds  may  be  formed  with  the  primary 
and  secondary  amines  of  the  fatty  serit*  ;  e.  g., 

DiethyUmlne.  Dlnznhenzr-ne'  Diethrlnmtne 

dietltylfimlne>  nitrate. 

ThH  diazn-minponnds  are  mostly  oolorlesH  fTFftUllino  >mdli«,  which 
quirklir  lurti  brown  on  ox^^ure  to  thp  air.  Thev  di»f»olve  POttllv  In  water, 
sparingly  in  alrohol,  and  are  precipitated  from  lii--  al.'/>lioli(_'  snlulinnt.  by 
ether.     Moat  of  them  are  very  nnatable,  and  decompose  with  explosion 


CJI,.N,.NO, 

Dlnzobenzeno 
Ditrnle. 


8M  BIASO-COMFOQVBiw 


«r  tlw  vast  variDB«  rea^eiite,  gcaefsl^  m  aoBh  m 

attiugiii  ■iw  a» rlimmmtod  in  the gaim—  fen%  awl  tiM 

rvpUced  bgr  tulogva  el«iBenu,  hjrdnprn,  hydra^Tl, 


1.  When  boil«d  with  voter,  they  jieU  pheaols: 

C^E^JfrSr    +    H/>    »    CA^B    +    's    4- 
With  kydrogm  m^Md$  in  like  nunner  thej  jSeU  ntereaptams* 

2.  On  famling  them  with  itrong  aieakai,  the  N^-grovp  ii  i«plM)ad  bf  In 
drogaa,  imdaciog  bettiene  or  ft  homologoiu  h/drocarbon,  whjJv  th«  ale^ 
Ib  ozidiied  to  aldehyde : 

C.H,.Xr»0,  +  C,H«OH  »  CA  +  »i  +  KO^  +  Ci,Pd«>- " 

3.  The  fUaimoeUandea,  Ibnned  hj  comhination  of  the  dUaoHiUaridM  «H 
PtClf,  an  deoQoiposed  when  heated  alone,  or  better  wi^  dtj  ■**dtww  «m 
bonate  and  oommon  salt,  producing  chlorinated  hjrdrooarb^Bi 
which  distil  over : 

(c.H,.N^ci),.ptci,  mm  2c,H,a  +  2N,  +  aa,  ^-   pt. 

4.  The  diaxiobrxmidea  take  up  two  atoms  of  bromine,  forming  p«rbro 

BrN— C,Hj 
mides,    Bach  as  C«H.N^r,  or         I  ,  which  are  likewise  iteeooi 

BrX— Br 
poeed  by  dry  distillation,  or  more  readily  by  boiling  with  strong  aloohid, 
yielding  moDobrumo-derivatives  of  th»  hydrocarbons: 

CHj.Nj.Br,    «     C.n^Br     +     Br,    +     N,. 

6.  The  Biilphatee  and  othor  oxy-salts  of  the  diaso-oompoondSy  boUed 
with  Ayc/rior/ic  aru/,  yield  iodine-deriva  tires: 

C,Hj.N,.804H    +     HI     »    G,Hjl    +     N,    -f    SO^H,. 

Diaso-coni pounds  containing  chlornns  radiclos  (CI,  Br,  NO,,  etc.)  in  the 
beuscne-nuclHUS  undergo  exactly  similar  decomposition  ;  e.  f.^ 

C,H^Br.N-.NO,    +     Hp    a    C.H^.Br.OH    +    N,    +     NO,H . 
DlAXO-bromohenzene  Bromophenol. 

nltnte. 

C.H.n,.N„Br,    «     C.H,a,Br    +     Br,    +     W,. 
Dtsso-dtf-hlorobcnxene      Bromodlehlo* 
Itfrbromtde.  robenzene. 

Th*»  reactions  1,  3,  4,  and  5  afford  the  means  of  oonvertinff  an  aromatlo 
amldo-deriTative  (and  theroforo  also  a  nitro-derivative),  through  the 
in*>diiim  of  tho  diazo-com pound,  into  the  corresponding  halogen-  and  hy- 
droxyl-deriTatives ;  and  this  mode  of  transformation,  known  as  the 
*'diaio-reaction"  serves,  as  already  shown  in  several  Instances,  to  deter- 
mine the  relative  positions  of  the  substituted  radicles  In  these  derivatives 
(p.  823). 

The  diaso-amldo-componnds,  whJrh  may  be  regarded  as  formed  by  the 
nnlon  of  diaso-  and  amido-deHvatives,  undergo  similar  transformations. 
They  are  Bnt  resolved,  under  the  tnflnen(»  of  hydrobromic  or  hydroohlorlo 
aotd,  eto.,  Into  their  components,  a  dlaio-  and  an  amido-derivative ;  the 
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latter  then  separAtefi  out  eithur  in  the  frm*  stnto,  or  as  a  salt,  and  tbe  diaao- 
ooupouiid  is  trau«[urmud  in  tlie  inannvr  aln'VK  diT«cribvd  ;  tliuii  : 

C,n4.N,.NH(C,Hfc)  -f  2HBr  s  C,UsBr  -|-  N,  +  C«Hj(NU,).HBr 

C,Uj.N,.NH(CgH4)  +     H,0  =  r,n»OH  +  N,  +  CjH^.NH, . 

Dlasobenaene-oompounds. — Thf)  nitrate,  TiHj.Nj.NO,, ^ 
pri'pArt^l  \ty  pamfiii^  nitroiiK  acid  v.niKir  into  n  flank  containing  anJIino  ni- 
trate m'Mrit**n*Ml  with  a  ainall  quantity  of  wat<*r  and  cooltnl  with  ice,  till 
till?  whnlf  is  diiisulvt?*!,  and  th<'  nolution  iia  ttiug^fr  yii'Ida  aniline  wliun 
ntix«d  with  i>oladh.  On  Gll<*ring  tb«?  liquid,  and  Adding  McohnI  and  i>tt)fr» 
tli«5  diazolN;ijKene  nitrate  8eparat«'8  nx  a  crystalline  mass,  which  war  1>6 
purifli'd  liy  riHlisstdiitiiMi  in  a  smAll  quantity  of  cold  water,  and  pnH'ipita* 
tion  by  alcohol  and  uthur. 

Diaxub^nzi-utf  nitrat*?  furma  long  colorless  needlt^,  pxtrimi«1y  solttblo  In 
water,  iili>;htly  soluble  in  alvohol,  insoluble  in  ether  and  in  benzfUK.  It 
is  tolerably  pennaiitfut  whun  dry,  but  gradually  turns  brown  on  ex]>osure 
tu  uioist  air.     It  explod***  vinli*ntly  whun  liuateil. 

The  sui/thalft  CgHj.N,.80jH,  is  jirt-par'-d  by  pa.«tsing  nitrons  acid  Inin  ani- 
line Hulpiiat^^  ditutuUml  in  water  containing;  tuilphnrio  acid,  or  bettfr,  by 
d(Kx>nipoitiug  thu  nitrati-  with  sulphuric  adil.  It  furtna  oolorleas  needle* 
or  pridius  easily  soluble  in  water,  explodinj;  at  UHlP. 

Thr  itrtttHii/n,  CgII}.N,.ltr,  Separates  in  white  laiuinc  on  gradually  adding 
bromine  diitAuIved  in  ether  to  an  ethereal  solntinn  nf  dinzn-nmidnben- 
lene  while  tribrumaniliue,  which  is  formed  at  the  same  time,  remains  In 
solution. 

The  perbromide,  CgHj.N,.Br,,  is  formed  by  mixing  an  aqneouH  solution 
of  the  nitrate  with  a  solution  uf  bromine  iu  liydrobromiu  aoid  or  sodium 
bromide,  and  ftHparat4*s  as  a  dark-brown  oil,  whi<:h  so«iu  sulidilie«  to  a 
crystalline  mass.  When  recrystallized  by  sulutJon  in  ctdd  alcohol,  and 
rapid  evaporation  in  a  vacuum,  it  may  l*e  obtniiieil  in  large  yellow  laminw. 
Insoluble  in  water  ami  ether,  moderately  soluble  in  oold  alcohol.  By  pro- 
longed washing  with  ether,  it  is  converted  into  the  monohromide, 

Tlie  rhlnrifir,  Cgllj.iNjt'l,  is  olitnine*!  in  solution  by  agitnting  a  solution 
of  the  bromiite  with  moiiit  silver  chloride. 

The  jtititinuchloritie,  (C,Hj>'/'l)jrtCI,,  is  precipitate<l  in  yellow  prisma 
on  adding  a  solution  of  platinic  chloride  to  a  solution  of  the  nitrate  or 
sulphate. 

lfiazf^m«i*e-^tasiiium,  r,IfB.Nj.OK,  separates  on  adding  caustic  potash 
to  a  solution  of  the  nitrate,  as  a  yellow  liquid,  which,  when  ev&|it>r&led 
over  the  water-bath,  crystallizes  in  white  nacreous  lamina*,  easily  soluble 
in  wat*'r  and  in  ale<dK>l.  The  a<[ueouB  solution  quickly  decompi-ses,  and, 
when  mixffl  with  silver  nitrate,  yields  a  pray  precipitate  of  l'iHjN,.<>Ag, 
and  similar  pr»cipitates  with  mercury,  lead,  zinc,  and  other  metals.  On 
adding  aeetio  acid  to  a  soUition  of  the  potassium-compound,  a  heavy  oU 
is  pre<3ipitated,  probably  conaisting  of  diasobensene  hydroxide, 
C.H,..\,.OH. 

Dtaio-amidobenmene,  C.Hj.Nj.NH.C.Hj,  Is  formed  by  the  action  of 

nitn>us  add  on  fliiiline  dissolved  in  alcohol  ;  also  by  mixing  a  solution  of 

diazoWnz^iie   nitral.'  with   aniline  ;    ami   by  gradually  pouring  a  ctxded, 

alightly  ftlkalin<-  rtnlnli-m  af  amliiim  nitrite  on  aniline  hydrnehloriile.     It 

civrttallizes  in  golden  v»'llou  sbiTiing  laminrp,  melts  :il  PI-'  C.  (IHri.HO  F.), 

^^    and  detonators  at  a  higher  tempt^rature.     It  is  insoluble  in  water,  easily 

^K   soluble  in  ether,  benzene,  and    hot   aluohol.     By  nitric   acid   containing 

^B  nitrmiB  acid,  it  is  mnrertM  into  diazolienzeuo  nitrate  :  by  strong  hydro- 

^H  chloric  acid.  Into  aniline  hydrochloride,  phenol,  and  nitrogen. — ^Tho  aloo^ 
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will 

I 


holic  solution  mixed  with  silver  uitraW  liMpwitu  tiae  oompou&d  C^i.5i. 

NAk-I'^Mj,  hi  rt'ililish  iiettdltTfl. 

Dijiz<Hauii(lul>uiiztiiiL-  liia^  nt»t  iinitv  with  Aci<L8,  but  itft  Mlt-oholic  sutlatico 
mixed  with  n  hdIuIiuu  of  platiuiu  cliluridr  iu  hydr*n.'liloric  acid,  ^iuhls  iht 
plntiiioclitnridr,  (V',jll,,i\. IR'l;,.l'tl'l^,  iu  reddish  net^Kv. 

Uiazo-anitdubt*iizviie  in  alcuholii:  uulutiuii,  eHpociall^'  if  ju   tx>st»rt  will 
a   MinAll   quantity  of  aiiiliuu    hyaroehluride,   gr*ulujiliy    oUaiigea  inl* 
tfloniurio  iutinpuund,  amidazobenxene,  C^Hj.X^/N.C^H^.NH   (p.  " 

lJiHH^te}%zene-iiitHrth^laiiudey  CjHj.^j.NCCllj)^  furrawd  bynjixiuji;  the 
ous  solutidUtt  uf  diazolK'HZcne  nitratu  anddiinfthylaiuine,  is  a  vcLlow 
liquid,  having  WL'ak   basic  proptrliefl,  and  forming  unstAldv  »alts.  vj 
in  aqui'uud  Hulutiuu  ore  vasily  renolved  lutu  pLeuul,  nitru^ea,  umI  SiUt* 
diluvrliyUtninH. 

Ijiiuithfuzmr-rtfiyhmiflf.,  C,Hj.N,.Nn(C,Hj),  resuuibles  the  dimcUk/l  owu- 
pouud,  aud  is  foruiml  in  a  similar  tnannur. 

Diazobtntnnimidef  O^H^N,,  probablj  C,l{| ^N N    ig  rnnued  bv 

the  action  of  aqut?ouii  ammonia  on  diazobcniL'no  porbromMe  : 

It  is  a  yellow  oil,  insoluble  in  irat«r,  distilling  without  decompoflliic 
rsr«fi«d  air  aud  in  vapor  of  walcr,  dimolving  without  altoration  in 
and  sulphuric  acid.     TroattHl  in  nlrolmlic  solution  with  zinc  and  hi 
ohiorlo  auid,  it  is  r^flolved  iuto  aiutnouia  and  aniliuu  : 


r.n.N, 


411,    =     2NH,    +     C.Hj.NH, 


I 


Thf    diftso-componnda  nf  hlgliT    orders,  «.  ^.,  diazntnltumf    nifrate 
N,.XO,,  diazO'Umiihhtlitene,   <\II,.N,.NU.C\H|,  He,  arc   analogotia    to 
diazo*btiUStin«  compounds  ;  but  they  have  not  bti«n  much  ujc&iuined. 


I  TDRAZIir -COHTOtTJI  D8. 


Pbenyl-hydrasin,    C.n^N,  ss   C^Hj— Nn— Nn,.— Wh<«n    dia»o- 

bouzL'iio  uitriKi*  L-4  ullt'd  to  a  cold  solution  of  a^^id  pota.4siura  Kulpbitv,  the 
liquid  flolidillt?^  to  yullow  cryMtaU  of  potiu>»ium  dinzntmnzL-ne  sulphonutf, 
C,H^Nj.S03K,  or  (t^H^ — N"S' — SO^K  ;  thin  salt,  heated  on  lb**  water-haeh 
with  t*xcosa  of  acid  pota^nium  sulphit**,  is  converted  intooojnrh^fiH  ph  «•  n  \  1 
by  d  razi  nsu  I  phou  u  te,  (\\l„ — NH — *NI1 — SH-K,  which  isi  aImi  f<i»rnuvl 
by  b«;iling  thit  fonuur  salt  with  zinc-tluitl  and  hydrofhlorio  aeid  ;  and  th 
ooloHesH  salt  hfated  with  liydrtKhlurio  acid  yitddt;  thu  hydrochlnrl^i 
of  pheny  I'hydrazin,  acoording  to  the  equation  : 


CjHi.N,n,.S(),K  +  HCl  -f  H,0  =  C.U^.N.Hj.Ha  -f-  SO.KH  . 


I 


^ 


It  is  mor>^  easily  obtained  (together  with  aniline  or  di<*thylamine).  hj 
treating  an  aleoholio  solution  of  diaio-amidobeniene  or  diaxobenivni*- 
diethylamine>  with  zino-dui)t  and  aoetiu  acid, 

Phenyl-hydrazin  is  a  yellow  nil,  which  soHdiffra  at  low  tnnperaturas  to 
a  crystalline  mass,  meltlni:  at  230  (\  (73.-IO  F.).  (uid  Iwiling  at  2330-2340 
<I.  (4.'^il.4— 4.'>3.tN'  F.).  If  dissolves  Rparinfjly  in  cold  watiT,  more  readily 
in  hot  water,  very  i«aaity  in  alcohol  and  ether.  It  po«<it.*AseB  simng  r*<dui 
Ing  prnpertie?.  and  is  a  mono-add  base,  forming  well'oryBtalliz<*<i  salt 
Its  hydriwhloride,  treated  with  potassium  nitrite,  yields  the  nltrosoj 


k 
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Oompouod,  C,nj.N(NO).>'H„  which,  wh«n  huattid  with  water,  in  converttNl 
hiiu  <liA2(itwiiz*'])imi(lt>,  O^II^N,.  The  nitrtuirwjntupounii,  Uf&ttil  with 
phenol  and  btnmg  sulphuric  acid,  .violdti  a  browu  »ululiou  ohiiagmg  to 
groun  and  bluv  (Liuberiuaiui's  reactiuo,  p.  Stf3). 


SULPHO'DERIVATIVEa. 

The  snlpbo-acidfi  of  the  aromatic  hvdrwnrbons  are  eaaily  formed  by 
tlie  direct  action  of  sulphuric  add,  oo&oeDtrated  or  fututtigf  on  thetie  h/dro- 
oarbona ;  thua : 


BeazrncBuljiLonlo 

ai->iil. 

c.n,  +  2so,u,   =  c.u,cso,n),  +  2ii,o. 

Beuzeuc-ilUuIphonlo 


acid. 

In  thin  rwipect  thrjr  differ  from  the  xnlphtHneida  of  the  fatly  ffronp,  which 
can  b«*  foriiu-d  only  from  t^ulphitca  or  from  thio-aliMihols  (p.  5r)4), 

TliL*  aromatic  hydrocarbons  treated  with  sulphuric  anhydride  yield 
liulphoxid4*H: 

2C.H,    +    BO,    ^    fr,Ho,so,    +    n,o. 

Ilonzi^ne 
Bulphoxide. 

The  Bulpho-ac1d»  treatm!  with  phogplionia  p<>ntA<*hloridCf  or  their  R&lU 
treated  with  the  oxychloride,  yield  the  s  ul  pboohlorid  us  or  chlor> 
anhydridMfl  of  the  tiulphonio  adds;  e. ^., 

C,»a.SO,.OH     +     PClj   =    C.IIs.SOj-a    +     POCl,    4-    HCl; 

3(C,H5.SO,.UK)    -\-  POCl,  =s    3(C,Hj.S0,.a)     -f     PO.K, ; 

and  the  sulphochlorid«*8  treated  with  »odium*amalgam  in  ethereal  aolutiOD, 
arc  coiivort^Hi  into  aalphinic  auida  (j>,  655)  : 

C,Hj.SO,.Cl     +     "i    =     C.Hj.SOjH     +     HCI. 

The  Rulphfnie  acids,  or  rather  tlieir  zino-Halts,  are  aUo  formed  by  tho 
actir>u  of  the  liuc-compQumbi  of  tbo  alcohol- radicleu  uu  thu  iiulpho-ohlo- 
ridea ;  «.  g., 

2(C.H..S0,.C1)     +     Zu(C,HJ,    wm    2C,Hjn     +     (C,H4S0,)^n. 

By  xinr  anil  hydroelilorie  acid,  on  the  other  hand,  the  sulphcKchloridt^a 
are  reduced  to  hydrosutph  id  es  or  thiophoDolB: 


n 


C\llvW>,Cl     +     311, 


C,Hi.SH     -f-     2H,a    +     UCl 


The  aromatic  Kulphcvacids,  like  those  of  the  fatly  K^^up,  ore  very  stable 
oom{MMiiidfif  not  decompoa<*d  by  Itoiling  with  alkalies.  By  faaion  with, 
oauutiu  alkaliea  they  yield  phenuU: 

C,li,.BOjlC     +     KHO     ss     CjOa-OH    +     80.K, . 

Sy  distillation 
n  itrits: 

CgHj.SOjK 


KHO     ss     C.Hii. 
ith  potoMsium  cyanide  (yt  the  dry  ferrocyaaide),  they  yield 
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SULPDO-DBUIVAriVJES. 
flhM  aeida  ■ab)«ct«><l  to  dry  difttillBtion  yicUt   hyd  ro«arboti«;  W» 


The  sulphonic  acids  of  Uu*  sabHtituUM  hydrucnrbocui  Art*  obtalD«d  bf  tk« 
Artiiui  uf  kul|iliurir  n^id  ciii  tluftr  bndit*]!,  ur   li.v  tin-   aotiou   of  hAlCKCM.  V 
of  nilrio  itriil,  on   ihr*  bulpho-acida  of  tbe  priuuir^  hjrdroc«rlM>nti :  id  tti* 
Uttvr  oaao  thesulpho-group  U  iilifo  fr<?*ju*-*utly  rvpUc^Hl.     Tli«-  fr.. 
ntft/  aliM>  bo  rvplftotHl  by  chlorlno,  tiy  healing  a  Aulpht>*»ckt  Oi 
ridtt  wiib  pluHpliurus  pt'UUtuhlorido  : 

t;ii,ri.so,ci   +    vi\   =   c.u.ci,   +    potu,    -f-    soci,, 

BensenesalpboDtc  Aold«  C,H(.SO,H,  ia  produced  by 

bruit'iiv  witli  Mil  4.i|ua)  wviglit  of  urttinary  ^ulpliiirie  jtcid.      Uu  dtlnll 
thu  rvBuUiiig  doluiiun  wiih  watvr,  ni.'Utrnlizing  with  l>ariuru  or  h'nd  r»rhKJ 
xiMt^,  ilm.viii()OHtiig  thu  ri«ultiiig  luiriuiu  ur   IcjiU-balt  wiib    si)Ii>f.  !. 

or    tiyilr<igtiii   tiutphidti,   aud    cvtiponiting    tli<^  lUtrnlo   to    lUt*   <  ■  :, 

point,  iM'iiivueeulphouio  acid  is  ulitaiiiod  in  small  dt:>]iqu«i«i:t  ..>;  {^■■^..^t 
erystals,  amtAining  C^Uj.SU^H -(-  411,0,  vMWy  i*\\\i\\\v  in  vrater  and  tfl. 
Aloohol.  By  dry  distillaliun  it  yifliU  tieiuct'no;  by  fuBiuu  witb  puta&h,, 
phvnoK  ll»  ftoriBw  talt^  (CgHjSO,),!^  4-  H,0,  ftimis  niirri«iiH  {d«tci«,  eai'ly  i 
•uliibte  in  wAttT.  Tbc  riW-Wf,  (t  „ll4S*.>j)IZn -f  tilljO,  crystallfsi«  iu  six- 
8idi*d  taMi'H.  Thi»  f:thtftic.  Hkfi\  ('alljti*  ),.t',llj,  ublAihiil  l.y  ht-MtinjE;  thr  \vi 
anlt  to  imio  with  utbyl  iudidu,  furiuti  olvudur  ut<4>dK<s.  4lei<oiDjjuscii  by  bod-1 
iiig  wiib  watur. 

Dente  ne'SulphocAloriittif  r,B(.80,n,  sopAffttra,  on  gpntlj*  warmiDf 
Au  iiiliinate  mixturo  nf  Hodium  biMixunvtiulpliPuatu  ajid  phoepboraa  penlA* 
chlnridi*,  and  then  nhAking  it  np  with  watrr,  a«  n  colorlrsa  oil  havlog  a 
Bpwifio  gravity  of  l.:J78  at  i30  l\  (T^A^  F.).  boiling  with  partial  d^oom- 
p-isitioii  at  :W(i-'-2470  C.  (474.8*-'— ITH.tjO  i\),  and  aolidifying  U-low  0^  in 
hirgt'  rhonibiu  rrytttfiU.  Boiling  water  blowly  di'(.'omj>oiie!i  it  iiito  bviuufue- 
■ulplionio  and  hydrouhlorio  aoida. 

Bensenesulphamlde, 

rliloihlo  mill  aiiiutoiiia  ur  AHunonium  ciirtunat*^,  {!rystAllizc»  frum  alcobot' 
ill  ii.vTfoiis  laminiB  iiu'lting  ol  I4;i'-'  C  (JOO.l^J  F.).  Silver  nitrAt«  aiidtMij 
to  iu  nltjubuliu  ^ndtiliuu  throwa  dona  tho  (M>mpouud  CgH^EiOj.NU^g. 

Benxeneaalphlnic.    nr    BeuxeDeaulphuroxis    Add.    r.nj^.BO,.OH, 

foruKul  by  Llio  uctiuti  of  rttMliiiia-niual^niit  on  tlio  fthiTeal  solution  of  b«n- 
zi'iieMiilphonio  acid,  cryAtallizi's  from  hot  water  in  largt-  t«bluing  prisms, 
MBily  soluble  in  alcohol  and  ether,  melting  at  690  C.  (l.'>ti.20  F.),  awl 
do(.'om|K>)4ing  at  looo.  With  chlorine  or  bromine*  it  forma  Ivnione  sujpho- 
chhiride  or  bromid«,  and  is  convertwi  slowly  by  exposurt'  to  the  air, 
quiokly  by  oxidizing  agents,  intn  bimx><nefiulpbonio  acid.  The  miieer  aalt^  ^d 
C^H^.SOj.Ag,  U  8ligbtly  soluble  in  water.  H 

Phenyl  Snlphoxlde,  or  Sulphobenxlde,  (C^TUs^i^o  ^^  forni<Hl  by 
dry  dii^liilationof  ijimiU'iiosuIplKmii-  arid,  iiy  oxidation  "f  plie-nyl  sulphide,  ^y 
O'.Hj),^,  and  by  the  action  of  fnining  unlphuric  ncid  or  Hulphnno  anby*^| 
dridr^  on   lienzt^no.     It  is  very  slightlr  itoluhio  in  watrr,  cryutalltBM  frooi^H 
alLM>hol  in  i.lnti's.  intdu  at   lliSO^l^lK)  C.  (2<:2.40-2(h4.*^  K.),  and  diBilla 
vilhuut  dticuiiipositioQ.     By  heating  with  strung  itulphuriu  avid,  it  is  con- 
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Terted  into  Iwnxvnwulphnnio  acid,  (C.l!^),^:*,  -f-  &J,II,  =  ^(C.Hj.SOjII); 
and  when  hfat^xl  with  phonphorus  p*nua<.'hloride  or  in  n  Mrvaut  of  ohlo- 
riiie,  it  ia  detxiittpoawl,  with  fonuatioD  of  uhlurobvuxtfue  aud  beuxeuesulpbu- 
uhluride : — 

(C.H^)^,    +    CI,    =    c,H»a    +    C,H».SO,CI  . 

Thr  action  of  chlorine  in  sunshine  also  oimvortJi  it  into  chtornbeniene  and 
|itH  pruductA  of  addition. 

I'lit*  I)  /  Id  id  u  1  p  titizide,  (t'«H^)^jO,,  pnvJncfd,  together  with  l»en- 
lenesulphunio  aoid,  by  beaUog  bensviKi^iulpliiulo  Aoiil  with  water  to  130^ 
C.  (2ii(j^  F.).  crydtaUixtu  [n  long  Hhiniiig  ni<edleH,  melliug  al  lUO^,  in- 
■oluble  in  water,  Muiljr  soluble  in  aloohoi  and  ether. 

ChlOTO-.  Bromo-t  lodo-,  IVUro-.  and  Amldo-benseneaQlpbonlo 

Aoida,  C^HjCl.SOjH,  t-U*. — Thu  :iUlphu-acidtl   fonni'd   hy  dl-.>.<ilviiij;  *  «Mjl  I, 

C.HjBr,  C'gUjl,  and  (_',Uj,NH„  in  slightly  fuming  sulphuric  ai'i«I,  U-lnng 
ohitjll/  U*  the  para-stfrit«  (1  :  4),  e.g.,  C'^.t^JgH.ll.lI.Ilr.Ii, ;  nitrob*-n2<?n«, 
cm  till)  other  hand,  yieltU  by  similar  tri*&lmrnt  a  prftduct  consisting  al^o 
wholly  of  M«fu-uitrolMnzene!iulphonia  avid,  C,.S<)2.n.N0,,H,.  Thu  action 
of  bromine  nr  nitrio  acid  on  bi-nzt^nitsulphonic  acid  yields  likewise  a  prt*- 
duot  cnnBiHting  chivfly  of  the  meta-acid.  All  theae  liodteH  are  strong  mouo- 
baaio  acids,  which  mnf*tly  crystallize  w«rll,  dinstdve  easily  in  watiT,  and 
yiuld  WL*ll-vry!)talliz«.'d  salU,  chloridcji,  and  auiidea. 

Shra-^mifitJyfttz^UfvifpHn'nir  artfi,  long  known  by  the  nnme  of  Hulpha- 
nilio  acid,  ia  pr«Nlnood  by  the  action  nf  Hulphuric  ncid  on  aniline^  also 
by  distillation  of  pbenuldulphato  or  of  ethylaulphatti  of  aniliuu  ; 


c.".<^!k 


Tt  ciVstallitPS  from  water  in  rhomhlo  tabl««  containing  one  mol.  H,0 
yields,  hy  oxidation  with  chrtmiio  aciid  or  with  mangani-<ie  dioxide  and 
Bnlphnrio   acid,  a   large   quantity   of  qtiinom*,  C|11|0, :    and    is   vtm- 
vurted    by    nitrous    acid    into     d  lasobenteu  e -a  ulphon  ic     acid, 

^»^'i<Cn  *N^  *  which  cryatallixea  from  hot  water  in  colorless  needled ; 
detonates  with  great  riolence,  and  is  converted  intn  beiizrnt^nlphnnlo 
acid  by  healing  with  absoluto  alcokol,  and  into  Biilphauilic  aiid  by  the 
action  of  hydn^en  sulphide. 

BenKenediBulptaonio  Acids,  *^«'Ii<C«ySi  ■ — *''**'-  ^^"'  "*^  /"'"''' 
modiUcatinns  of  this  acid  are  obliiiiied  by  heating  benzencsulphonic  acid 
with  fuming  sulphuric  arid,  or  more  remlily  by  passing  beiuene  VA|H>r 
into  ordinary  sulphuric  acid  heatwl  to  24<iO  C.  (464°  ¥.).  They  are  lK»(h 
yvry  soluble  in  water,  but  may  be  separated  by  fractional  crystallir^tion 
of  their  potassium  salta.  The  mc/<i-acid,  which  Is  the  principal  product. 
yields  a  chloride,  r,H«(SO,Cl).,,  melting  at  «30  r.  (145.40  F.),  and  an 
amide,  r.H/SOj.NH,),,  melting  at  22!>o  C.  (444.20  K.).  By  distillation 
with  potassium  cyanidf,  it  yields  a  dicyanide,  C,H,(CN),,  melting  at  15(JO 
C.  (M12.HO  K.),  and  ronv-»'r(iMn  by  the  action  of  alkatiea  into  mL'taphthalio 
or  isiiphthdlii-  acid,  C.H,(ro,H),. 

/hr'i-VM;i»M(v/fXM/y*AofliV  4icuf  fomts  a  chloride  melting  at  131*^  C.  (2''7.8C 
F.).  and  an  amide  melUng  at  2880  C.  (&50.4O  F.).     By  distUlaliou  wiUl 
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potassium  cyanide  It  yiulda  «  dioyanide,  mettiiig  at  22:;^=>  C.  (431.1 
aud  couvurtiblu  iuto  tcrvplithaLic  aoid,  i^e^l^CCUjU),  (i  :  4>. 

Benseaetrisolphonlc  Aoid,  *'«Hi(^)10)- — The  oul.r  known  loodifl- 
catioii  ui'  tills  acid  is  iibtaiiif<l  hy  hi^ating  a  uiixture  of  10  }>art)i  ItenicB'T 
7U  fuming  sulphuric  acid,  and  40  phiMphnric  anhydride  in  itrAN-d  taiwi 
to  2Si*0--2y(»o  c.  (r»aa«^'i540  F.).  twpnraUHl  froiu  its  lead  nalt  by  hy<li». 
Ken  sulphide,  it  orystalliztia  in  long  flat  needliM  ountaiaixig  3  luol.  U,U.* 

Tolaeneanlpbonic   Acidi,  C,n,<:^^^'u   .  —  The    pttm-   and 

(irt/*»>-nH»*ii(ii'aliriiis  urt-  priKlurwi  KiniuUaneouzdy  by  disaotvin^  lolncnf  in 
sliglilly  fuming  sulphuric  acid,  and  may  bt;  appruxiiuat«<Iy  8*<p.irattHl  bj 
fractional  urystallixatiuu  uf  Ihoir  ptitassium  salu,  the  para-salt  separatiiif 
out  fintt,  and  crystallising  easily  in  large  transparent  aix -Hided  tabii«  or 
primna  oontaiuing  ]  mol.  U,0.  The  orfAo-fialt  separates  trom  the  Oiuthcr- 
liquor  mixi'd  with  para-ttalt,  from  wliich  it  is  not  eaitUy  puriDed.  Tlw 
fHirn-Acid  crvHlalli2«'H  in  r]f]iqui>dcf>nt  scaUa  containing^  1  mot.  H,0. 
lU  c/i/or.Jc,  ■(:,ll,(S()./:i)„  molls  at  tilKJ  C.  <15G."20  F.;.  xj,^  ^^^ 
C,H,(SO,MI,)^  at  1:J70  C.  (278.(J0  F.).  Fused  with  potaah  it  yirlda 
paraori'ijol ,  C,n|C(-'nj).OU,  and  a  small  quantity  of  paraoxvliea  * 
acid. — The  or/Ao-acid,  which  may  be  obtained  pure  by  dfcomjxiisini; 
amide  with  nitrons  arid,  is  liquid.  \t»  amiilo  crvfitaUizes  fnna  hi.<t  air 
in  shining  octohedrons,  mi»Uing  at  ir»*^l54a  C.  (:J07.4-'-;tl>!».;!O  k.). 
acid  fuaed  with  putaiih  yields  urtliiMsrusot  and  ortho-uxy benzoic  (salicr] 
acid. 

MetatolueneMxHphonic  add,  Cj.CH^.H.SOjTI.Hj,  Ifl  obtainM  by  the   action' 
aiwlium -amalgam  on  the  orthochloro-  (or  brnnu^-)  toluone-amlphonie 
(  j.CHj. Br. BDjH.H,,  which  i»  formw!  by  dissolving  orthtwhloro-  Cor  bro 
toiuenc  in  Rulphurie  acid.     It  tn  crystalline.     Its  rhhridt  ia  a   liquid 
■olidirving  at  — lOOC.  (140  F,)  ;  theuMiV/«  iscrytitAllino,  and  uielta  aC  9\i 
fta^*  C.  (19S.8O-197.G0  F.). 

A  largo  number  of  HubHtitutcd  toluone^ulphonic  acids  hare  b««n 
tain«^d  by  dissolving  c-hlomtolupnp,  liromolnlncno,  etc.,  in  snlphnric 
Para-  and  orthu-tolucn<^u]phnnic  aeirl  hcatc-d  with  fuming  sulphuric  sei 
yit'Id  two  modiScations  of  t«l  uwuedis  ulphonic  aoid,  C-U_(t>O.H 


k 


Bensylflnlphonlo  Acid,  r,ni.rHj(SO,n). — Tlie  potnsBinm-sj^lt 
this  »t  id  is  (oniifd  by  hcaiiug  bt'iuyl  chlorldu  with  a  strong  tiuUition 
potassium  siulphitc. 


AROMATIC  ALCOHOLS. 


The  Hubslitntion  of  Oil  for  11   in    iMMtzcm*  gives  rise  to  mono-,  di*, 
tri-atomio  derivaiivfs  of  alcoholic  character,  vU. : 


C.II,(OH) 


c.n.(ou). 


C,H,(OH), 


In  tolupne  and  the  higher  homologuos  of  bonxone  the  anbatltniion 
takf  plai'o  either  in  the  principal  or  in  the  lateral  chains,  giving  rlM 
xnotamcric  compounds  :  thus  from  toluene,  r,H^.CH^  are  derived 


*  Koerocr  c  .M u  ii le  1  lar,  Qayetta ehlnloa UalUaa,  IB7B.  p. 
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C,H,[OH).CH, 
OtetoL 

id  from  xyXitne,  CgUiCCH,),: 
C.H,(OH)<^gj 

Xyleaol. 


C,H,.CH,OH  . 
Benzyl  «louliuL. 


Xylyl  ftlcohol. 


toflA  ooinponnda  in  which  thti  Babititutioii  takes  pluofi  in  the  lateral 

'chains,  aru  primary  alouholn,  ooutaining  the  group  Cll^uti,  and,  like  the 
oorrf.>tp(iniling  ali:<>h(il.s  uf  the  fiilty  A^rivn,  aru  convertible  by  uxiilation  inU> 
aldi-hydefl  luid  uci«U  oontaiuing  thv  BUiue  number  of  carboii-at^>iu:i,  and 
rtfadily  Hxchauge  their  Ollgruupfur  Ct.  Br,  Nllg,  etc.,  giving  rittu  to  haloid 
d'irirntires  and  aminrts.  ThcMt«,  on  thii  other  band,  in  which  th«  OH  ia 
siluatiMl  in  tho  principal  chain,  are  not  conv«rtibIu  by  oxidatinu  into  alde- 
ItrdoH,  ketones,  or  aiiidn,  iu  which  rt-jipuct  they  are  analogous  to  the  ter- 
tiary ah-4^hoU. 

Them)  latt(*r  rompounds,  induding  thi'  hydroxyl-derivatives  of  btum'nn, 
are  calltnl  I'henolfi.  Tht*y  art- suMceptiblf  of  ii^omcric  tnodificationx.  ao- 
c»rdiug  to  the  orientation  of  the  iiUbalUuttid  radicles  iu  thu  benzcQe-nucluus. 


Monatomlc  Phenols, 

Thoae  eompounds  are  prinluced :    1.    By  the  action  of  nitrons  acid  on 
aniline  and  lU  hotiiologuu*i  iu  aqueous  solution  : 


CjUj.Nn,    H-     NO.OH 


CflHj.OII     4-     H.O     -(-     N, 


2.  By  deonmpoiimg  tho  diaxo-C4impoandii  with  water,  the  Bulphatea  being 
thH  h»^t  adapti'<l  fur  thi-  ptirpoAi'  (p.  H54). 

3.  By  foxing  tlie  aroniAtic  gutphouic  acidu  with  oaaMtic  al k alius : 


^•"•<SO,K     +     ^^^     *     ^^^     + 


^.".<r^[|' 


Toluene-tulphonfttc,  Cre*ol. 

4.  By  distilling  lh«  Baits  of  aromatic  oxy-acids  with  limu, 

CO,     + 


C,H  (OH).CO,H 
Oxyl>enzoio  aold. 


CJIs.OlI 

PbenoL 


6.  By  the  dry  distillation  of  oomplox  organic  subfllancoB,  aach  as  wood 
and  onal. 

The  phenols  exhibit  acid  as  woll  as  alcoliolic  characters.  When  treated 
with  metallic  oxiiii*!),  ca^wcially  thoKe  of  tho  alkali-motals,  they  readily 
exchange  their  hydroxylic  hydrogen  far  metals,  forming  metallic  salts,  and 
these,  when  act«d  upon  by  akvdiolie  iodides  are  converted  into  phvnoUo 
ethsra;  e.  y., 


PotAMlum 
phcnate. 


-f     CH3I     ==     KI 


4-    c,n,.o.cH,. 

Mcthyl-jibcDol. 


Phf^nolic  othcM  i^ntaining  Acid^radicles,  snch  as  CjiH^.O.OCjHjO,  are 
fnriifd  hy  the  action  of  the  chlorides  of  Buch  radicles  on  the  phenols  and 
Ihi'jr  metallic  derivatives. 

By  the  action  of  llie  haln»f»ii-mmpoiindR  nf  phosphnms,  tho  phenols  are 
oouvertcdf  by  exchange  of  tliclr  OH-gronp  for  CI,  Br,  etc.,  into  halogen- 


PBaifot.«. 
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dt^rlvatirci   of  lirtlrocKTboni.  •neb    m    C»U,CI.       By  pluHpliani 
milpIilJc,  till'/ »rp  i-itiivwrUni  into  t  li  io^a  h  i-qo  I  •  : 

Hy  licAtliiK  with  litir-tliidt  th*'y  . 

By  tn*aiiiu<iit  with  clil<trin»,  i  n4  ia)| 

Acid,  till*  I  ^         '      -'•-   ciiuvvrteii    ..,.■-    i......^;.-i.-.    .mr..-,  ,11.-1   fuJplwMl«« 

tim,  hv  •  "ii"  or  more  Mom*  of  hy  Jnt^rn  tn  Um 

ftirU,  ilr,    .        ,.     r  :it.yj  .  thus: 

c,H».ou  +     CI,    »    Ha    -f    q,H,a.oH. 

C.n,.OH    +     SO.U.    -    H,0     +     «^.".<i",|  - 

FbcDoUuIplroalo 

Fh)*nnlB  In^At^  with  mct&lllo  sodium  and  c&rbou  dioxide  *r»anii 

iutu  ualtx  uf  srumiitic  uxj^iicids  : 

r-»..oH   4-    CO,  ■•   rpH,(:on).ro,ii  . 

Plicuut.  Ohybrucoio  «cia. 

Tlif  ninn»tnmio  phdiiuli  mi  present  known  oontain  tf,  7,  6,  aud  10  st 

of  i-Arbuii. 

Slsc-oarbon  Phenol,  pr  ifmpl.v  Fbanol.   CH/)  a>  c,H|OR. 

lN>un<l  iit  pfcmIuimhI  :    I.   H3'  (lio  Action  of  nitrons  acid  on  Aiiiliii**. 

2.  By  tU»i  «iry  diHiillatiiin  of  sttliL-ylio  (t»rlht»-oxyb(MiJt<iic)  *tid.  |t  mfr 
bit  foiiwnltMitly  prepar4*<l  by  ht-'atiu^;  crystallixt*.!  sutiryUv  acid  ktraiifly 
And  (|niekly  in  a  gliuti  rt^Loi  t,  eiihi-r  alouo  or  uiUed  with  |M>undrU  glwts  or 
quioklimr.  PhcnoL  then  pa«8i.<«  over  into  Uis  retxtiver,  aud  crj-stalLiiiS 
ahu<Ktt  lu  thtt  laMl  dri>p. 

3.  lMi<*ni>l  in  prodnt-tM  in  the  dry  tllstillntitm  of  wnl,  And  fonna 
chi)*r  mnstitucMit  uf  tUo  a<.'id  portion  uf  oual-tar  uil  ;  this  {a  the  si>ui 
from  which  it  is  mo«t  frequently  obtAimwl.  Ouih'  mal-lur  oil  is  itfiiati 
with  a  mixture  of  slakiMi  limo  and  wnttir,  the  whtih*  h*<in;2  I*fl  U\t  a  c» 
siderabla  tiint; ;  tho  Aqnt>ou8  liquid  s^'parated  from  th**  undiiii«olvc^  oil 
diKX>mposod  by  hydrochlurio  acid,  and  ihc  oily  priNiuet  thit:^  obtain***! 
purified  hy  cautions  diatillatiou,  the  Hrbt  thinl  only  Iwing  ooUtNrtfd.  iV 
th>^  onaUtar  oil  is  subjecUul  to  diHlillatioii  in  a  retort  furnished  wiih  » 
thurmonivler,  and  thu  portion  which  paanea  ov^r  bi'tW(*en  tlie  t«*in [mtaI  nr« 
of  ir,tP  Ktid  2(KO  C.  (30JCL.392O  p.)  U  DoU,.i.tH<l  aparl.  This  pnxlurt  ifl 
then  mixtHi  with  a  hot,  strong  solutinn  of  oaufitin  p<ln»h,  nml  K*ft  to  stand, 
whereby  a  whitiiih,  aniuewliat  crystalMm*,  pasty  mass  is  obtaiu4>d,  which, 
by  the  action  of  wati.T,  is  rcsolvtHl  into  a  li^ht  oily  liquid,  and  a  densei 
alkallnt*  solution.  Tlio  latter  is  wilhdrnwn  by  a  siphon,  d4Hv>iiipn9ed  by 
hyiirnchlMric  aci<I,  nii'l  the  fii*parat<M]  nil  puriflod  by  contact  with  calcium 
rliliiridH,  and  rcdistillatinn.  Lnittly,  it  i»  vxpoitfd  to  a  low  tcuiperatnrp, 
and  the  cry.4taU  formed  are  drained  from  the  mother-liquid,  and  car^fally 
pr*'«erved  from  the  air. 

I*ur»i  plienol  crystallizes  In  lonp,  rolorloss,  prismatic  n<>w!lwi,  having  a 
sijouific  gravity  of  l,0(»ti,  milling  at  4«tCMlo  C.  (li»4^ -105.80 K.).  and  lioil- 
iug  at  ISI.flO  C.  (258.7^  K.):  the  cnmmt^rcial  pntdurt  forms  a  (.'ryfttalline 
masi,  which  turns  roldiiih  in  a  Mhorl  time,  and  in  coni.tct  with  nioirtt  air 
dttUquescos  to  a  brown  liquid.  PWnol  has  a  penetrating  odor,  a  airtmg 
burning  tasti^  and  attacks  the  akiu  of  tho  lips.  It  in  poisonous,  exerts  an 
Autisiiptio  action,  and  has  been  suoceaafully  useil  by  Mr.  Croukea   for 
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drftlroying  the  infection  of  cattlo-plajfne.  It  dmnolvea  in  about  Ifi  parts 
ol'  water  at  ordinary  trmperaturi'S,  v«ry  oanily  in  aU-ohol  and  «ther. 
f'fialphur  and  iudino  dissulve  in  it;  nitric  acid,  ctilurine,  and  bromine 
Attjick  it  with  cnfrg/,  forming  aubeititutiun-proiluet^,  all  of  which  urn  nf 
Bcid  character.  With  utrong  sulphuric  acid,  it  furius  plivnolnulplionii} 
acid,  CjIl^(OH).S<),U.  Tln^  oqnvuus  solution  is  c*ilt>rud  violet  l»y  ferric 
chloride,  and  HtaiiiH  a  dcnl  ithavin^  of  a  llm!  blue  cidnr,  With  brriMiino- 
wattir,  even  wbeu  vt'rjr  dilute*,  it  furout  a  white  pruoipitatu  of  Iribrutuo- 
phenol . 

On  adding  phenol  to  nitrio  acid  containing  nitrous  acid,  or  to  a  solntton 
of  potaitsiuni  nitrite  ((i  \>vr  c«ait.)  in  otrnng  »iilphuric  acid«  a  brown  color 
is  pro<luci-d,  changing  to  green,  and  ulUuiately  to  a  fine  blue  (Ueber- 
maun's  reaction).  Vine  colurs  art;  pr(Miuev<l  iu  like  manner  with  other 
plienr)U,  nioiio>  and  poly-atouiic  :  also  by  phvnola  in  presence  of  Holphurio 
Aoid  with  diozo'  and  uitroeo-compouudii. 

riiB.VATKK. — -Phpuol  disftulves  in  alkalies,  forming  salts  which  are  diffi- 
mlt  In  ohtain  in  definiti.^  form.  Pulassium  nhrnutr^  CglKKt),  obtaincl  by 
heating  phenol  with  potassium,  or  with  solid  potassium  hydroxide,  crys- 
tallizes  in  slender  white  net'dlua.  On  heating  this  potassium-oompouiMl 
with  i(»<ltdt}  of  methyl,  ethyl,  or  amyl,  tithexa  arc  produoeil — vi«..  methyl 
phenat*'  or  aniitnl,  C4H5OCII,  ;  ethyl  phenatv  or  phemdol,  CgH^OCjH^,  and 
amyl  phenate  or  phenamylol,  (*»HjUf^Hii.  These  bodie«i  rerirmhle  the 
mixed  ethers  of  the  ordinary  aloohuls  (p.  fiSS)  in  composition  and  m(Kl« 
of  formation,  but  ilitfer  gn-atly  from  them  In  their  behavior  with  Hiilphurio 
and  nitric  acids,  wUli  which,  in  fact,  they  bohavo  Just  like  phenol  itaolf, 
forming  Hubstitutiun-pruducts  posstmtjng  acid  properties. 

Mothyl  Phnnato  or  Anisol,  C^HgO  ^  r^n..n.cn,,  is  also  pro- 
duced, with  evolution  of  carlmn  dioxide,  by  didtifling  methyl-salicylio 
acid  or  anisic  (methyl-parooxybenzoie)  acid  with  baryta  : 

C,U,(OCH,).CO,II     —    CO,    -I-    C,H,.OXH,. 

Anisol  is  a  colorless,  very  mobile  liquid,  having  a  pleasant  arnmatio 
Ckdor,  a  density  of  0.991  at  150  r.  (590  K.;,  and  boiling  without  deivtmpo- 
Biiion  St  15^3  C.  (305.tfO  F.).  It  dissolves  coniph?loly  in  sirong  snl- 
phurio    acid,   forming    methyl-phenol-sulphonio  or   MiilphonisoUo    acid, 

-With  bromine  it  forms  three  subttlitution-protlucta 

—Til..  C^Hjnr.O.'CH,,  a  liquid  Imiling  at  2!230  C.  (433.40  K.):  r,U,Br,,0. 
Cl[„  which  crystallizes  in  rhomhic  tables,  molts  AtOOO  c.  (Vi$/2P  K.)<  ah^ 
IwiU  at  2720r.  (ri21.(iO  t\);  and  C.H,Br,.O.CH..  which  melts  at  87^  C. 
(188.tP  F.),  and  is  fliiblimahle.  By  thp  further  action  of  bromine,  tet  ra* 
bromoquinone  or  bromanil,  C^Rr^O^,  is  produced.  Fnming  nitrio 
acid  acta  strongly  on  aninol,  forming  the  three  nitraniaola,  t'jH,(iNO,)0, 
C,tl,(NO,)30,  and  r,Hj(N03),0,  which  when  treated  with  reducing  agents 
yield  the  oorretiponding  nilranUidines,  CiH4(NH,)0,  etc. 

Ethyl  Phenateor  Phenetol,  CjHj.O.CjHj,  obtained  from  ph<»nol, 
and  from  ethvlBalicrlic  acid,  is  an  aromatic  liquid,  boiling  at  1720  C. 
(rWl.fiO  F.).— Arayi  Phenate,  or  Phenamylol  boils  at  aifjO  C. 
(4370  F.). 

Ethene   Phenato,  C,H,(0C4TTj)p  produced  by  the  action  of  ethena 
Jbromidn  on  potoanium  pheaate,  crystallizes  in  lamina  melting  at  950  C. 
"")30F,). 

henyl     Phenate,    Phenyl     Oxide,    or     PhenoUo    Bther^ 
Jl,.0  «  (C^Hj),0,  formed,  together  with  phenyl  bensoate,  by  tb' 


I 
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distillation  of  cuprto  benzoate,  and  by  heating  diRaobrmxene  tnlpl 
with  phfuol,  cryUillizes  iu  lung  needles,  melu  at  l2bO  C.  (,ib'2.4^  F.).  i 
bulls  at  'I4t3^  C.  (474.bO  F.);  diaHulves  easily  iu  alcohol  auU  tttlier. 

Thlophenol  or  Phenyl  Hy  droHQ  t  ph  id«  ,  C^H^.SH  fonn»Hl 
the  action  of  P^Sj  on  phcni>l,  and  by  that  uf  nasct^nt  hytirog*?n  (tine  ) 
sulphuric  acid)  ou  phonyl-sulphochloridu,  U  a  colorU»sis,  mobile  ft 
liquid,  having  a  density  of  \aMS  at  14'^'  C.  (57.20  P.),  and  boiling  at  ll 
C.  (334.40  F.)-  His  inHolubli*  in  water,  but  dissolves  e/isily  in  &]oq 
ftud  uther,  aud  the  aloohulic  solution  is  precipitatwl  by  silver,  lead, 
iiiL*rcury  salts,  yielding  conipoands  analogous  to  the  tniTc-aptidf^. 
ijitfrcury-compouiid,  (C\U}ti),Hgf  JcfryatalUaea  from  alcohol  in  ahin 
ni'fdU«. 

Phenyl  Snlphido,  (r,H.),S,  produced  by  the  dry  distillation 
sodiiiui  bcnxt'iiU'Sulphnnate,  itu<l,  ti^ethur  with  the  hydrosulnhide  by 
action  of  P,S.  uu  phttiiol,  is  &  culurless  hqnid,  having  an  alliacooaa  od 
a  dt-nsily  uf  1.12,  and  bulling  at  iDL'O  0.  (557.(J"  F.)-  Nitric  acid 
it  to  plumyi  sulphoxid«  (sulphobentidtr)  (CVUi^'V 


Phenyl   DlRulphidp.  (C,Hj),S„  is  formed  by  oxidizing  thi^_ 
with  diliito  nitric  acid,  and  by  tin?  action  of  iudinv  on  thw  aqut.*oua  s^ot 
of  potassium-thiophenol : 

2(C,Ui.SK)     -f     I,     =     2KI     -f     (CJI,)^,. 

It  crystalliifts  from  alrohol  in  shininp  ncMIes  milling  at  60OC.  (\4(K>  p 
is  oxidized  by  nitric  acid  to  bonzeuesulphouic  acid,  and  reduoed  by  nasc* 
hydrugeu  to  thiuphuuol. 


Halogen.  Derivativei  o/  Phenot, 

Chloropheaola. — Tho  three  manochlorophonols,  r,H,Cl.OH,  artJk 
meta-,  and  /Mini-,  aro  fonnefl  from  tfi»?  corn'sponding  rhloranilin*^  Cp,  P35 
by  thu  diasp-rcaction.  The  ortho-  and  pura-iH>nipound8  ar\i  also  prodna 
by  pAHsing  chlorine  into  wariii  plnmul,  and  may  b*^  scparal«td  bj-  fractioii 
distillation.  (1  :  2)  Chloroithfmd  is  a  ct>lorIf8s  liquid,  boiling  at  175-— I7i 
G.  (3470-'i48.**^  F.>,  solidifying  at  —  12C'  C.  <10.4O  F.);  converlt^ 
fusion  with  potash  into  pvrocat«icliin.  (1  :  3)  Chturof^mnl,  frnm  (1 
cjhloraniline,  is  a  liquid  Iwiling  at  214^*  C.  (417.20  F.)-  (1  :  4)  CkJorapJk 
not  crystallixes  in  colorless  prisms,  wbich  grndnally  turn  rnd,  nielta 
370  C.  (l>8.60  F.).  >K»il8  at  217°  C.  (422.t;o  F.):  i«  wnvcrtrtl  by  fusi.in  wil 
potash  into  hydrisjuinono.  All  the  threo  chiorophenotB  have  a  vtry  pu 
gonl  aud  piTifistfut  odor, 

Dirhhmphntni,  C^^^r\.0}\,  proKihly  Cj.On.CI.H.Cl.U,,  obtained  by  dl 
dislillfttinn  of  dichlorosalirvlic  acid,  melts  at  43°  C.  (l(ilt.4'^  F,),  and  bol 
at  a)»o  r.  (408.20  V.).—trirMntr>j)h^,ioi,  (;H,CI,.0H  (1  :  3  :  5,  OH),  tl 
chief  product  of  the  action  of  cldorine  on  phenol,  melts  at  680  c,  (154.4 
F.),  and  boils  at  '244^  C.  (471. 20  V,).^fVntachtorophtnoi,  C.CIj.OH,  tT 
tained  by  the  action  of  chlorine  on  phenol,  in  proscncc  of  anllmonic  ohli 
ride,  melts  nt  1870  C.  (3ti8.tiO  F.)- 

Bromophenols. — The  throfi  mnnobromophenohi,  C,H«Br.OH,  are  0I 
tAitiiMl  frum  the  three  currespondiiig  broinanilincs  ;  tlie  1  :  2  and  1  :4  mod 
fioations  also,  by  passing  bromine  vapor  into  phenol,  and  by  the  action 
bromiu«  on  a  solution  of  phenol  in  glacial  aoutio  acid.     The  ortho'  and 
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(liticfitiiins  are  liquid. — F\tnif>rffmoftiiennt  formd  large  crysUls  ;  melt*  at 
r.  (I47,20  F.);  l>"ila  at  ^3tJ^  C.  (45b. tc  y,y,  ami  iu  converted,  hy  ihu 
aotiou  of  phosphorus  peulaliromidu,  iuUi  {wriwlihruuiolwazene. 

DibroituifiAenol,  I'gHjHrj.OH  (prohahly  1  :  2  :  4,  OH  in  1),  obUinod  by 
bronuD&lion  of  pht^uol,  uielta  at  4<>-*  C.  (104O  ¥.). 

Trihromopliennl ,  r,HjHrj.(JH  (1  :  3  :  fi,  i)H),  precipitated  Ujr  bramiue- 
wat*-r  frtnii  the  aqueous  aolutiuu  of  phenol,  crystallizes  from  alcohol  in 
HJlkv  nee<Utw,  metUug  at  95'-^  C.  <liOao  F-)-  l*y  I'H's  •<  w  L*n\'erted  into 
U'trabriintobenzene,  melting  at  Db^  C.  (2(>&.4^  ¥.)  (p.  b24^;  by  uilric  acid 
iuto  pterio  acid. 

J^ntabrofwpheitoi,  C.Br^.OH,  melU  at  22&0  C.  (437'->  F.). 

lodophenols. — ^The  t1ire«  monoiodophonola,  C,HJ.()H.  Are  formed,  to- 
gether with  tri  iodojihruol,  by  treatlUf^  pheiiul  with  irnline  aud  iodic  acid 
in  preaenuu  of  free  alkali : 

fiCCeHj-Oll)     4-     21,     -h     10,11     =     311,0     -»-     5(r4HJ.0H) . 

On  Buptirsataratin^;  the  liquirl  with  hydmchlnric  acid,  and  distilling  the 
precii)ttated  oil  with  Hteam,  a  liquid  monuiudoph<Ji9o(  (1  :  2)  paiMfs  over 
lirit,  then  a  ftulid  (1  :  3),  and  riiially,  triiodopbenoL ;  and  ibo  rcsiduo 
eontaius  a  considerahltj  quantity  of  thtj  latter,  wlii^h  uiuy  be  extracted 
hy  iilrohol.  Tim  third  monoitNlupht^nol  (I  :  4),  which  i»  eojtily  soluble  in 
wat»T,  JH  found  partly  in  th«»  aqiumui*  j«»Iutiuii  fr*jiu  which  the  crude  lodo- 
jiUlmioI  has  Uvii  prtripitnti-d,  piirlly  in  the  aqueous  distillate,  and  partly 
lu  the  niooholic  Kolutiou  Irum  whirb  the  tri-iixlophmiol  ha.s  eryslAllized. 

(1:2)  I'Klophenul,  produced  alao  from  (1:2)  amidophrnol,  and  by  dis- 
tlLlation  of  itMlosalirylic  acid,  is  a  liquid  which  dtn-a  not  stdidify  at — 2HO 
C.  ( — 9.40  F.).  U  IB  easily  dec^miposwi,  with  eL'parnthin  of  iodine,  by 
i.tlorine  and  by  nitric  acid.  Ity  fusion  with  padash  it  yields  pyrocatv- 
chiu.  (1  :  ;J)  h^lopheuol,  producetl  aIbo  from  metaiodaniline,  is  some- 
what sparingly  Noliilily  in  water,  crystalluteH  from  alcohol  in  six-sided 
t-nJtl.'.H  mt-ltin^  nt  h'.'^  T.  (Ilt2,20  p.);  ie  not  dtMwmposed  eitlo^r  by  chlorine 
or  hy  nitric  acid.  By  fusion  witii  pijtaah  it  yields  resorein.  (1  :  4} 
lodophcnol,  obtained  ahto  from  para-ioitaniline,  is  very  soluMt?  in  water, 
nrysuiliixes  in  ithiniug  needier  uieltlug  at  64'~^(>(iO  C.  (147.2^-l.'i(i.HC  F.)  ; 
in  doeoiupoited  by  nitric  tuU\,  but  not  by  chluriue;  ounverted  by  fueiua 
with  putoflU  at  ibiP  into  hydroqutnoue. 


Nltrovophenol,  r:,H4(N0).0H  (1  :  4).— Thin  ocmiponnd  is  formed  : 

By  the  action  of  uitroUH  acid  ou  phenol : 

CjHi.OH    +     NO.OH    =     n,0    -h     CJI,(NO).OH; 

3.  As  a  sodium  salt,  by  beating  nitrosodimethyl&niUnc  (p.  836)  with  dilate 
Boda-lye: 

C,H/N0).N(CH3),     +     NaOn     =     Nn(Cn,),     +     C,n^(NO).ONa . 

Pure  hydrochloride  of  nitrftRMinicthylnniline  Ik  added  to  a  lx)nfng  dilute 
solution  of  cauHtic  soda  ;  the  dimethylanilino  in  di.ttilled  off  ;  and  lh«  roei- 
due,  acidified  with  dilute  sulphtiHo  aei  I,  is  shaken  up  with  other. 

Nitro»ophenol  ery.HtallUes  frtim  hot  watt^r  in  sltrnder  wdttrk-HS  iiHtnllfS, 
which  soon  turn  brown  ;  from  eth^r  in  large  brown  tamini«.  It  disaolvea 
with  light  groen  a»lor  in  wntt-r.  alcohol,  and  ether;  easily  nlifo  in  dilate 
8o«irt-lyc-,  foiniiiig  a  )fodium-riaU,  which,  on  addition  of  atrt/ng  • 
au«  in  red  needles  coutaiuing  C^U^CNO^.ONaH-  211,0. 
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With  aniUne  s««UU  it  vM'U  dtuoxjbuvu^'o.v 
Oa  adding  ninsoff  ftulpburic  aclil  to  uitni»(>j 
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which  w  aU  of  add 
nllration  of  phenol. 
MonAnltropheDols,  r,n,fVO.>.OH,  fl  •:  2)  ana  fl 

dUwlrnl  in  4  futii^  nr«at4*r. 
as  onljr  ibo  pt**— 
wikiU  ar«  pro>l  ^ 
tu1>r«witli  ^ 
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-.1.34). 

■  mwiUi 

'  (1  :4>  nitr\>liri>niobex)irii« 
!  :  4)  nud  (1:3;  cmii-niiiai 
mny  K-  prrjwrM  by  UMliiig  ibi»<li(U<t|iiip»U-nicno  nitrat«-s(  frvm  (  1  ;  4)  and 
(I  :3)  nilroAuiliU"  with  water;  Iho  <1  :  4)  omtiMund  alifo  bv  U^iliui; 
ntlTAidliur  with  v.-rv  Mn»nj;  vnlution  of  eaufrlic  Foda. 

(I  :  2),  ci»n»inniilv-  rnllio)  nJittiU  nitntft^rmoi ,  cry^tjilUtca  in  larev  yol 
nriiiiw:  tli-"*'^lv'-s  ;«i>.irin;:ly  in  wntor.  pusily  in  aK^hol,  and  toIaUI 
IiMily  wl»h  ^'•'*1'"'  "^  **^*'*^  ■  ""'*'^  *^  ^''^  ^-  01'^  K.),  and   boiU  at 

■odium  (tftlt,  t.*»il,{N*\)-***^**.  crv»tallixi««  in  dork  n^d  an 


ii.V,  inflts  &t  »0  ('.  (4S.20  F-),  and  Jxiila  at  Stlfto  ^*,  (-^^,JJ 


ilh  amtnoiiia  into  (1:4)  nitranilinc. 

I .  C,H,(NO,)^01I  (1:2:  4-OU  in  1),  ie  f„rm*d  _^ 

^ ^  nitric  acid  on  phenol  and  on  ck  And  /*-iiitroph<TiolY 

■■•"^iLI  iW  PWfTtwi'ondiiiK  diniUochlnro-  or  dinUro-bromotN-^^oDe 
-  WNIC  *^..,^,    Oolorlrffa  jdatcs,  molting  at  1 14©  C.  (237.20  K). 
ition  (1:2:  0 — fill  in  I),  fonm-d,  together  wilh< 
,  nilrtiphenol,  (rvHtallizes  iu  uclsJU'S  Eutlting  oil 

V.)- 

^19  fionreried  hy  farther  nitraiioa  into  pi< 

^uMid  from  <1  :  3)  nltrophonnl,  the  on©  mel1 
^Vrr  ftt  1410  r  (285.»o  v.),  are  convert«l' 

,*\j  i^n.— Tm»  of  these  compoanda  nn 

I     r,  I  Oil  in  1),  ftl*>  callfHl  Carbozutie 
,1  of  1  :  2  ;  4  and  1:2:6 
liroducts  of  (he  ftuiUin  uf  uitrl 


NITROPDENOLS. 
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acid  upon  tntligo  iltkI  numornu»  othnr  AnlwtanrHS,  nA  itilk,  wool,  RHverAl 
rtwiiiK,  e)ip*H.-i»lly  tliat  uf  Ximihorrfutti  htiMilU  Cy<flU»w  gum  of  Botany  Hay), 
■ftliciu  ati'l  somo  of  its  denvativtts,  couiQ&riii,  ptc.  It  u  n)<«t  *.*ootitmucally 
prt'porod  from  phenol.  One  part  of  that  8abstanc<*  is  gradually  added  to 
itrting  nitric  acid  slightly  warmed,  and  w}it*n  tlu^  tlntt  violent  reautiun  has 
Rubiiid*?d,  thro€  partd  of  fuming  nitric  add  aro  addod,  and  thii  lii^uid  ia 
boiled  till  iiitruaH  funiM^i  ura  i\v  longur  fvolvHil.  Tliu  reNJnouH  mass  tlius 
pro4ltirL*d  18  boiird  with  wat«'r ;  thr  resulting  piorir  nctd  is  converteti  into 
Sfxlium-salt ;  and  thr  solution  mJV(*d  with  sodium  carbonate,  which  throws 
down  the  so<iltiiu  picrat«  in  oryslaU. 

Pirric  acid  cry^tallisea  in  yellow  shiuing  prisma  or  larainip,  hiring  an 
inti'naely  bitU-r  tauto.  It  meU»  at  122.50  C.  (252.50  K.),  Bublimwi  when 
cniitioiiMly  hi!at*»d.  It  diflnolv-ns  aparingty  in  oold  walvr,  moro  easily  in 
hot  wator,  tttill  moru  in  altHihnl.  It  stain.i  the  skin  deep  yellow,  and  la 
tiaod  a«  a  yollnw  dy«  for  wtK>l  and  silk.  It  \*  a  strong  acid,  forming  well- 
cryatalhzt'<l  y4'Ilow  nalt.H,  which  dotonat^i  vfidonlly  when  hi-alt^l,  some  of 
tbum  also  by  pfrcutuiun.  The  jmuiMium  mih^  Cgll|(NO,)jA>K.  cryatalUivfl 
in  lung  nve<llos  rt'ry  slightly  aoIuMv  in  wator.  The  todium^  aiimioniuiHt  and 
barium  tatu  art]  ca±iily  aolublo  in  water. 

J/wA;//  lucriiU,  C',H,(NO,),.OfII,,  formed  by  nitration  of  anisol  (p.  8C3), 
orynlaliixi'Jt  in  tabhia,  whirli  luult  at  f!<>o  C.  (14(*^  K.)  and  snblimo.  Eth^l 
nicrtiit!  forma  colurluaa  nt'otUus,  which  tnru  brown  in  tho  air,  and  melt  at 
7S/.  o*;.  (173.30F.). 

McraUs  of  Ifydrtfrarhons, — Picric  arid  afTorda  charat't<'ri8lic  reactions  for 
the  detection  of  curtain  hydrocarlfoim.  For  this  pnr|>ose,  it  \*  eonrenient 
tn  use  an  aldoholin  solution  of  thn  add  Raturat>i<l  at  'iflC^ilDO  o.  (figO^dO 
P.),  and  either — (1)  add  tho  hydrocarbon  to  the  cold-snturated  aloohollo 
solution  ;  or  (2)  mix  tho  picric  arid  s«)1ulion  witli  a  hot  nlodkolio  solution 
of  the  hytlrocarhou  ;  or  (3)  dfsanlve  thn  liydnx-arWui,  with  aid  of  heat, 
In  the  pinric  add  solution.  The  following  combine  under  these  c-irmim- 
aiaucfS  with  picric  acid:  Snfihthulrue  i»thoijnly  »olid  hV'lr\K'arbciu  w  ho?*eoold- 
saturatL'd  alcoholic  aolution  is  precipitAt<-ti  by  picric  acid.  The  coui)>ound 
forms  delieato  Htvllato  groups  of  ydhfw  mttUes,  vasily  mdublu  in  alcohol. 
RrtfHe,  treated  by  method  2  or  3,  fonui)  similar  nri'dlfs  of  an  nrange-yellt>w 
color.  Anthracene  also  furuid  ruby-colvrcd  needled  stiU  more  soluble  than 
the  preceHliug ;  thu  red  alo<diolic  soluUnn  It  deculuriied  by  addition  of  a 
little  more  aloohol.  Other  hydrocarbon.^  iHtntaintil  in  crudei  anthracene 
tixhibit  the  same  reaction,  which  appears  to  l)e  peculiar  to  anthrncvne  and 
lU  hi>molnguf*s.  They  may  bo  diHtinguisheU  front  one  another  by  the 
appearance  of  th«  precipitates  under  the  microscope. 

Picric  aeiil  is  oanTert«*d  by  PtCl,  Into  t  r  in  i  troohl<trobenaene, 
Cyi,(NO,),CU  which  Is  recon**.'rt»Nl  into  picric  acid  by  Killing  with  wat«r. 
Pieric  a*id  distilled  with  calcium  hypoohlorile,  or  a  mixture  of  potaaaium 
ohloratH  an<l  hydmrhloric  acid,  yields  eh  loropicr  i  n,  C(^'**3)* '^  I  ""^^ 
wilhcaldum  hypohromite,  brouiopiorin ,  C(A'Oj)Br^  (p.  A27)> 

laopirric  ar.id,  C,H,(NO,),.On,  formed  by  the  action  of  fuming 
nitric  acid  on  mfltanitropheuol.  crrslalliies  from  hot  water  or  from  nitric 
a.id  in  light  yellow  priams,  melting  at  17-IO  a  (345  2P  F.).  It  stains  the 
akin  yellow. 

Picroc^amxr,  nr  TMopuTpurir  ncifl,  r,H.N„0,,  not  Renown  in  the 
free  state,  is  fnrm<>d.  n<«  a  pcitaasium  salt,  C^H^'^iK.  *».y  dropping  a  hot 
•olutinn  of  picric  add  (\  part  iu  9  of  water)  into  a  solution  of  ^loiaapium 
cyanide  (2  parts  CXK  in  4  of  water)  hoaUnX  to  tHO  C  (14(*^  F.).  Thia 
■'alt  crvKtalliies  in  brnwn-red  scales,  having  a  gre.-u  ni.lallic  lu^sti-.  «pir- 
ingly  soluble  in  cold  water,  dissolving  in  hot  waiter  and  in  alcoliol  with 
d«"ep-re«l  color  (t<r*(t  for  hydrocyanic  atid  and  metallic  oyanidi 
BtrtJUgljr  whtm  heated. 
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/*A«no/-<u//>Aonic  acids. 

Phenol  diMoWea  easilj  in  strong  sulphuric  acid,  forming  ortJu>'  and 
ira-|>liPUolsulphonic  acid,  CjH((OU).S(JjU.  At  ordinary  tfm|M?ratnrea, 
ID  ortko-HMid  is  aliui>st  tho  ouly  iiroduct,  but  it  easily  cbangua  iuio  the 
ira-ocid  wliou  lu>atuU.  Tho  twu  acids  way  bo  8«parated  by  fraotionat 
"stallization  of  thuir  potassium  salU,  the  /i-salt  avparating  out  Urst  iu 
mgatt^i,  lioxagonal  tablt'S,  whiuh  aro  auhydrouH.  TIio  mother-liquom 
jrivld  tliu  u-salt  in  long  adorltfaa  spicules,  containing  211,0.  Moat  uf  thu 
other  salts  of  tbe  /i-acid  arc  leas  soluble  thau  tUo  correHpLtiiding  o-salts. 
Tbo  two  acids  aro  not  known  in  the  froe  stat^}.  The  sodium  salt  of  th« 
^•acid,  heated  with  MnO,  and  sulphuric  acid,  yields  qii  i  non  e  .  Treated 
with  P('l.,  it  yields  ^'Chlorophenol  and  /i-dichloml>eiizeUL<>.  Thu  o-aoid 
fnsod  with  potash  yi^'Ms  pyrocntfchin  ;  the  /t-acid,  by  molecular  traus- 
fbrtnation,  yields  reaorcin  (st'e  Diatomic  Pbkmols). 

Mctapfirnoiiulphonie  acid  Is  formtMi  aa  a  potassium  salt  by  hoating  potofl- 
sium  benztnie-metadisutphonate  dissolved  iu  the  smillestpossiblti  quantity 
of  water,  with  two  or  three  tim<"3  its  weight  of  pot£..uium  hrdroxide  for  A 
oonslderftblo  liiuo  to  1 700-1  St>o  c.  (,1380-35flO  F.).  Tho  greater  part  of 
the  p<jtassium  Hiilphalo  ronniMl  nt  the  same  time  having  Ixm-h  removed  by 
crystallizatifin^  tbo  luetaphenolsulphoiiatfl  may  be  extrnettHl  from  the 
mother-iiqmir  by  alcohol.  This  lialt  crystallizes  from  water  in  groups  of 
easily  soluble  efllortracent  scales  containing  1  mol.  HjO.  The  free  acid 
Ibnus  coucentrio  groups  of  very  soluble  needles.  Ferrio  chloride  culora 
the  solutintis  of  tho  three  acids  riol«t. 

PKtnoldini}j>h(inic  acid,  C^IIj(OH)(SOjH)j,  is  formed  hy  heating  phenol  or 
th  or  ;>-phenolsulphonic  acid  with  excels  of  strong  sulphurio  auicf,  whence 
it  has  the  structuro  1:2:4  (Oil  in  I);  alsn  by  Iho  action  of  snlphuric 
acid  on  diazobeazeDo  sulphate.  Tho  solutions  of  tho  aoid  and  its  salts  are 
oolor>--d  dark  red  by  ferric  chloride. 

PhcnoUrisidpfmnic  acid,  C|ll^(0H)(SO,n),  (1:3:  .1,  OH),  formal  hy  th« 
action  of  strong  Hulphurio  aoid  or  phoriphorlo  anhydrlda  oa  phenol,  cry*- 
tallixca  in  thick  prisms  containing  a^H^O. 
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CrMoU,  CjHjO  =  C,H4<^U*  ,^Toiyl  alctJu>ta.—Ihra-  and  ortAo-crcsol 

occur  in  c<*a\-  and  wood-tar,  together  with  phenol,  and  may  be  separAtod 
from  the  latter  by  fractional  distiUatinn ;  but  they  cannot  easily  be  sepa- 
rattni  OHM  from  the  other.  Tht-y  are  obtained  in  the  pure  8t.ite  by  fusing 
the  potassium  sa,\U  of  the  corresponding  tolucnesulphonio  acid^, 
C,tlj(CH,)(SO,H),  with  pota^Ji,  or  from  the  corres]>onding  toluidines  hy 
till'  (liazo-reactiou  (p.  854;.  Tliey  are  converte«i  into  toluene  by  beating 
with  zinc-dust,  and  iuto  the  oorreKponding  oxytolulc  or  cri'sotio  acids, 
C|ll3(CUj>((Hi)(CO|Il),  by  the  action  of  sotlium  and  carbon  dioxido. 

(.Jrthocruanl  is  likewise  obtaineil,  to);cther  with  propene,  by  heating  oar- 
vacroi  (eymopheuul),  C,glij|0,  with  phonphoriu  anhydride: 

c„Hi,o  »   qn.o  -I-   (',11,. 

It  is  a  oolor1«ss  crvstalline  mass,  molting  at  310-31.fiO  c,  (ST.S'^Wig.TO 
F.),  boiling  at  l«f»6.18tiO  C.  (3t>50_3titi.(40  F.);  colored  blue  by  ferric  chlo- 
ride. By  prolonged  heating  with  jKitaasinm  hydroxide  it  is  oouverturl  iuto 
saliayliu  auid. 

MrtacrtMol,  prepared  from  thymol,  CijH„0,  in  the  same  manner  as  o-«re- 
■ol  team  carraoroi,  is  a  oolorluas  liquid  which  amella  like  phenol,  boihi  at 

73» 


m 
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»ilor.  (»£>3.fOK.>.  nmiims  liquid  mt  tlie  tRmpormtofv 

»oUd  tmrlNrti  dit>xlU«  ami  i'tli*'r,  «nU  Sa  ouorttrttid  I17  f^ 

Into  oxjrboitftoio  ftcid.     lu  eUgrUowtber  Uaa  oU  boUHur  ife' 
(3740  P.). 

'APtt*»«j'  f""w*  t-.v  ti,f  like  I  i 

wiiif>r,  forniuig  aitoluLitjii  >% 

with  |M*taifh,  pjtracrii:M>l  1h 

tlk^tr  rtkfT  iH  an  Ar<>iu*t)e  lnim  i  kkuui^ 

My.>  ffArf  iM.iln  at  1740  r.  (:vi:i.-Jo  K.>,  an 

nu-tUyi-]iaJAu]L>*bt*Dioio  (nuibic)  ftoul,  L'^ll,. ^,yx  ,. 


Nl  t  ro'croaola. — 8rr--'     '  " 
tioii  of  prtracrwol. — *.'jll;,< 

acid.— C' ll,(N0,)O.  i.litnin    ^. 

luitliue,  la  a  ilvi'-HtufT.  kiiuwn  as  TiW^ria 
in<*Ui»tf  at  »40  C.  (163.30  p.) 


u  nds  art-   ■ 

'*  of   nttrtui^ 

yrUtMT  ;   i\  forms  yi 
ItsHb  butuble  in  wat«>r  Uiau  pM 


ThiooreioU,  or  T0I7I  Ujrdrosulphf d«s,   C-H  <^'^" 

duc<><i  Xtxww  the  t1ir««  toluRU«*fmIphonia  acids  by  rcdacitii;   tbe 
ing  .liloriiiwi,  C,H,(CU,)(SO('l).  Mith  «ino  aihI  hv-dr*>clij.irir  jirid. 
■tkiuiug  UminiB,  mulling  Ht    ITjO  C.  (5'.»*^  K.)»  U'liiin;;   ^x    Ifrt'O  C. 
F.)'     itf»'«-,   li'iuitl.    not  •i.lidifying   nt  — KiO   C    CiJo    p  \       /bra- 
Umhi»,  molting'  at  4:P  C.  (Un».40  F.).  boiUxig  at  i8cO  c,  (370.43 

Blght-oarbon   PhDnoll,    ^JAJ^. — ^Thla   fbrmaia  incJi 
mtflaiiiuriu  phouuU,  vii. : 

Dlmi^thjl-phenol           .... 
Klli^'l-plu'uul 

Two  Dimelh vl-phonol»  or  Xjlenols  arc  iin>duc4*d  b^ 
thi«  pot«mium-s«lt  of  xyli-iKiJulphoiiic  acirl,  (^'sH^l^K,  witli  LiuliutMfl 
hydroxidw.  *>ii  dtMiainptMing  tli«  rBsuUing-  ma:*:*  with  hyrtroi-htorie  ad 
digtMfing  with  othfr,  and  dktilUn);,  n  liquid  paaaus  ovur  at  :^]i.iO  c*.  (41i 
F.),  wliii-h,  n-htm  oxpi>»i*d  to  a  wintitr  t<Ma])eratur«,  separates  into  two  M 
niiTiii  luiHliffcations,  i>iiy  crystal linH«  th«  oihcr  liquid.  Th**  aplid  imitlififl 
tiuu  is  liWi'wiso  nbtaiuod  by  fusing  tUf«  polas9iuiu-«aIl  of  ojEjiurutylra 
Acid  witL  potiLsh  : 


(m,K 


uu 
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SoHd  xylenol  roidta  at  7r>0  C,  (1670  F.)  and  imils  at  210©  C.  (420. 
thu  liquid  mixiillfuti.m  bnlU  at  •Ji>(i.:,o_'j(>s.f.O  f.  (4*i:i.7^— W»7.1»>  K-), 

A  xylyliu  plM-nul  in  UKTitinnM  by  T>r.  Ilu^n  MUllt^r  AS  occurrinj^  in  w^ 
tar;  tliia  is  pn^babty  alito  a  diini*tUyt-phi>nnl,  inasmuch  as  prod  acta  4 
dt*atrut)tiva  di*ttt|Ution  hnvf  liithortn  Wen  fLmnd  to  yield  only  nit-thv)-dl 
rivatives  of  Iwnzpmi.  Tint  portion  of  nlniaol  (a  pmdact  obtaihvd  by  dil 
tilling  aloes  with  lim**)  whiid)  is  Htdublt*  in  potAsli,  haa  the  cu>iniH>HitioD  o 
a  xylylla  uhunul,  and  1«  pi^rhaps  jdi^ntioal  witli  the  prt4Cf>din^.  Oeoeoiil 
from  bntfuQ-tar,  \9>  a  mixture  of  SHvernl  phunoU  and  their  clhi^rs,  and  luu 
ally  conaisU  of  ph^nnl,  rrf-snl,  xylenol,  gaaiacoL  C-H.(OH)(OCflj>,  aik 
oreuflol,  C,U^(CU,)(OU)(OCH,). 

Ethvl-pht'nol,  obtained  fn«n  ^thyl-lwrnx^jueBHlplionli?  acid,  molts  M 
470  c.  (llfi.OO  F.).  **''1«  at  2110  C.  (-111. SO  K.)»  And  vuhtiliics  «V0|» 
f^inary  tAmpi^raluroH. 
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Fit  lorol,  an  oUy  liquid  obtained  bjr  the  dry  diBttUatiun  of  the  barium 
salt  nf  phlorotlc  or  ox.»lIiyl-b«niwic  ftciti,  C,n,(,0,  or  C',ll/(X*J^)X'OOU,  w 
aUo  au  othyl  phi'uol,  itu  furmation  being  reprmtrutcd  by  ihn  equ&tiou  : 


CjH,<0(;,Hj),coou   s 

Pblortrtio  Acld. 


Phlorol. 


Phlorol  Is  a  ailorless,  ^troiigly-refra/'tiug  oil,  having  a  spc'cific  gravity  of 
1.U374  at  1^  (*.  C''>3.UO  K.).  aud  Uiiliug  at  :12(C  c.  (42h"  F.>.  It  disttolvea 
in  strung  Rul|t)inric  acid,  furiutug  a  isulpUiKacid  which  yi<<Idtf  a  soluhlt) 
barium  ftnlt.  With,  chtorliio  it  f>>rui»  n  rtul»^titution-pr<:Kluc(.  U  reacts 
violently  with  strong  nitric  acid,  fonitiiig  titc  comjKtund  C|I1,(N02),0.  By 
sodium  Olid  carU^u  dioxide  it  in  ouuvurtud  iutu  plilurutic  acid, 

Ten-Carbon  Phenols.  (',oH„.OH. — Two oompoands represented 

by  thin  I'oruiula  ar>*  kiioHu,  vii.  :  thymol  and  carvacrol.  lioth  are 
mt^thyl-prnpyl-plitinoltt,  (\Hj(rH^((*,Uf)(()Ii),  and  havo  the  mntiiyl-groap 
in  the  para-po^ition  rtdativuly  to  the  propyl-group ;  but  iu  thymol  the 
CHj-gniup  AiaudH  to  the  Oil  iu  the  meta-poeitiou ;  in  carvacrol  lu  tb« 
ortho-position,  thua: 


CH, 


cu 


I 


OH 


Tbywol. 

Both  are  ri^olved  by  heating  with  phosphoric  anhydride  into  propene, 
CjHg,  and  crew>l,  thymol  yivldiug  meta-,  and  carvaorul yielding  urtho-orusol 
(p.  H(i9). 

Thymol  exists,  together  with  eymene,  C,(,H,„  and  thymine,  C|qH„,  lu 
th(?  volatile  oils  of  thyme  (  Th^mnit  sfrpifflum),  hnrs<vniint  lAJcut/ia  xifiifstrit)^ 
Ptfft'hotii  Ajoiean,  an  Koat  hitlian  plant,  and  MoiiafUa  fmnclula,  or  Oswego 
tt*a,  a  native  of  North  Am>!riua.  It  cryittallii4*a  in  Urge  transjtarenl  plates, 
lia»  A  mild  odor,  a  (M-p|H*ry  tattle,  mfltd  at  44^  ('.  (1 11,2^  F.).  and  Itoiln  at 
23t'0  C.  (44tJO  F. ).  Us  wrMy/Zc  ether  boils  at  2u50  C.  (401O  F.),  the  edtyitc 
ttkrr  at  2'Jtro  c.  <4'i8-  F.). 

Thyraol  treatiHl  with  bromine  in  sunshine  yields  pen  t  abromothy- 
niol ,  CjoH^Br^O,  and  with  chiorine,  C,oH„ri,0  or  r,olV;iftn,  aecordinglvaa 
the  reaction  takes  pUc«  in  the  shadts  or  in  sunshine;  both  of  these*  as 
well  as  the  bromine-oi>mpound,  are  orvstalltne. 

There  are  two  n  i  t  rot  hy  raols  ,  C,(,II„(NO.)0  and  C„n,/NO,%0,  ob- 
tained by  the  action  of  nitric  acid  on  thymol 8 ul phonic  ji.id.  Bi»th  form 
pijtafisittm  salts,  which  crvBlallixe  in  yellow  or  orange-yollow  necdlea. 

r.irrocro/,  Oxtfrtfrnrne^  or  Cymmul,  i»  oMainH  bv  fusing  ovrnene- 
Bulphonio  acid,  0,(,II,,.SO,H.  with  potiwh,  and  by  heating  (lamphor  with 
ouL'-llfth  of  its  weight  of  iodine;  also  from  the  isomttrir  romprmnd  earvol. 
conUinnd  in  oil  of  caraway  (Cantm  Cnnir),  bv  healing  with  phos|ihorio 
acitl.  U  is  a  thick  oil.  nM  solldifving  at  — 250  C.  (— 130  F.),  boiling  at 
233C_2350  C.  (451.4CM5r)0  p.).  -"  tf 

Thymol  and  carvacrol  diRtllled  with  phoaphorio  anhydride  vfeld  two 
isomerio  thiophenoU.  f'.^Up.PH,  both  of  which  are  non-«olif|ifving  liqnMa. 
Thirnhymol  boils  at  230O-231O  C.  (44(P-447.8^  F.)  ;  thiooymunol  at  235° 
C.  (455^F.). 


I 
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Diatomic  Pbeaols,  <^'.K,,_,(OH>, . 

Thoro  m  soren  known  oompoandB  inolndod  fn  lUs  turmalMf  tu. 
PjTiHalorli!!* — HiwiTrin — Hydroqliinone  .     C^H 


Drciii— llnniit-pvrt>4'«liH-hin    . 
liiilA^rciu— ll^dropliluronc  * 


TbMO  oomponiida  are  fonowl  hj  tli«  onloa  of  lavlting  poUsb  oq  tb* 
mi>iu>t>Aloiil  dvrlvatirea  of  Iho  mouatoinic  pbcnola,  aud  ozi  Ui«  pluoolnl- 

pUuuiti  JKidit : 

C,ll,CLOU  +     SOU    =    KCl 


c;h,(Oh>, 


alan  on  rwttiiH ;  aiwl  hy  the  drj  distillation  of  aroinatie  djozri 
Ic^lio  Mid,  C'|li,(OH),.Ct»,H,  wilb  licae  or  W^ta : 


m^salif 


CJI,(tJU)^CU,U    =    CO,    +     C,n^(OU>,. 


Pyrooatoohln.  C,ll^(OH>a  (1:3).  also   oaJI«d   Orgphane  mH,^ 

fumiKil :    I.   Uy  futtliif;  nrlUtichlor-  or  orth-i<MlophentiI  trith  jMitash.     2. 
ihi*  dry  dlhtillatUui  of  oxyualicylio  or  of  protwatechuic  acij,  C,!V-) .    S. 
By  dry  diittllUtion  at  caUnihin  (the  Juic«  uf  Mimusn  care^^u}^  frvai  wLicb 
it  wn»  llrst  olitiiiiiiMl ;  also  from  moriulnnnic  ftcid   (the  y<>Ilow  oolorio; 
mftttemf  Moru*  tinctorut) ;  and  of  wooii,  whun«!  it  ia  found  in  wood-rinrci 
4.  Ily  boating  its  mothylio  etbvr  (gaaiacol)  with  hjrdriudic  acid  to  2fK0\ 
(3920  F.). 

C^U^COUXOCU.)     +     HI    =    Clljl     +     C,H.(OH), 

Tills  reaction  ftlTnrdK  thu  Ih*s1  mnthn^l  of  pn>paring  it. 

PyrocModhtn  rrynlHlUzi'fl  in  short  siiuuri)  prisui^i ;  sablimcw  even  at  oi^> 
nary  ti>ni|i<'r:iturtm,  in  Bhiuing  Uuiinie  ;  lucltA  at  U)40  C.  (219.2-'  F.)  and 
boils  lit  *J4^.:»0  C.  (473.9^'  l\).  It  dismiivHS  easiljr  in  water,  Alcoho]'  and 
ethiT.  TIh*  aquiHiUd  solutiou  mixed  with  ferric  cAltfHdt  aatsumed  a  darlc- 
gr«>t<n  odor,  ohiuiKiuK  tn  violet  on  addition  of  a  small  qnantity  of  ammo- 
nia, anid  Bodlutu  rarlHUinto,  or  tftrlario  acid.  Pyrocatochin  reduix's  «i7fw 
niirntr  at  ordinary  tompi>riiliiri*8,  an  ainmonlni-al  solution  of  mppor 
tht^aid  of  Ix^At.  .\'»Vric  oco/arts  viuUmtly  upon  it,  fonaiuK  oxalic  acid 
i»ma11  quantity  of  a  yvtllow  nilro-conip>nnd.  With  nrWy/  rhioritff  t\ud  ftmt 
chloriik  it  forms  Iho  compounds  Cgll/OXjIInO),  and  0^11,(0.0^1^0),, 
of  which  arf  vrvstallinrn  Its  aqaooaa  solution  forms,  with /«art  i 
wbiti*  procipiUto,  CjH.OjPb, 

Mttkjfl-pyrot^nterhin  or  C«o  loro/,  C,H,Oj=  r,H,<^|JJS^  .  !■ 

of  lh«  constitnonts  of  h<HK'h-tar  cnnwde  (p.  870),  and  may  b«  s«] 
r»t«**i  thiTofrom  hy  ft-ai-tiounl  distilUtinn.  It  ia  prtvioood  by  btMiiii 
pyrooatwihin  witli  potassium  hydroxide*  and  potnsshim  mothylsulpbato 
IKtlO  C.  (i*r»»P  F.);  by  heating  nifthvl-pvrocatechuic  arid  with  caldi 
bydralo  :  r,Hi(CH,)0,  «  CO,  +  0,84(^113)0, ;  and  by  dry  distillation 
gnalac  rc^in. 

Ouaittrtil  is  a  rolorlMS  liqnid,  havinB  a  specific  jfravity  of  1.U7,  and 
boiling  at  2*X>0  0.  (3923?.):  slightly  solnbli'  in  water,  easily  in  alcohnl, 
PthtT,  arctic  srid,  and  alkalii-s.  It  formR  orystallin**  salts  with  th«  alka- 
Ih'S  and  alkaliop  wirlhs,  and  its  alknline  solntions  rednro  the  salts  nf 
gnld,  silver,  and  eopper.  By  hcatinc  with  hydrio<lif  aiid  or  fusion  with 
potash,  U  is  roaolved  Into  pyrooal«ohin  and  methyl  lodidi>  or  methyl 
aluohol.  ~ 


BESOaClN —  UTDROQUINONB. 


87a 


H^ 


Dimetht/t-pyrocatechin,  C.H/O.CHj),,  formed  by  heating  the  potassiuia- 
K«riv&tivu  of  metUvl-pyrucutechiii  with  luvtliyl  iodide,  is  a  liquid  builiug 

ao5o  c.  (401O  f!). 

Reaoroln,  CJIjCOH),  (1  :  3),  is   formud    hy  the   action  of  mi'lting 
tu;«li  Mil  thir  [tara-mudincutlonii  of  chlorophtMiol,  iixlophenol,  chluro-,  and 
'utuu-lHMixuuHHulphunic  at-ids,  phviiuUulphouie  and   beiueiUMliHulphonio 
ids :    alt*u  on  eotue   componinht    not    Wlon^ing    to    tht*    |>ara-svrii*8.     It 
appears,  indeed,  to  be  the  muitt  stable  of  the  three  diatotuio  pheiiuU,  and 
is   ttccordinKljr  pro«iue*'.l   by   muleeular  tnln^pOHitiou,  ehpt-cially  at    high 
t«*mptiratut><'}i.  in  soine  riLHcs  wlioii  an  ortliu-  ur  pAra-(«oui{H>und  mi|,'iit  lie 
expected  to  result.     Kejjorriu  is  also  fumimi  by  the  action  of  melting  pot- 
ash on  Dinbelliferone,  and  on  rarioiitt  rcHiuit  and  guin-riifintf,  as  galtpanum. 
asaafcntida,  gum  amiunniaoum,  saga]>eiiuiu,  aud  ucarn'id  r<-8in.     It  is  luust 
eaaily  prepared  by  the  dry  di«tillatioii  of  extract  of  Brazil  wimhI. 

Heaortiiu  in  very  soluble  in  water,  alcohol,  and  ether,  aud  cry5tallizi*s 
ftroiu  T^ry  ooncentrnted  solutions,  iu  prisuiB  belonging  to  the  triuielric 
syHttMu,  colnrleitit  at  tir^t,  but  afterwnrdii  becoming  reddish.  It  melts  at 
1H)0  t:.  (itiro  K.),  and  iHiils  at  2710  C.  (519. 80  F.),  distilling  almost 
without  residue.  Its  aqueous  solution  is  coiore<l  Tiolet  hy  ferric  chloride, 
ifl  not  preeipitateil  by  leoil  acetate,  nnd  redufvs  ailver  nitrate  only  nt  tlte 
boiliug  heat,  except  in  presence*  of  ammonia,  lu  which  case  the  reduction 
takes  place  lu  the  cold.  Theite  characters  distinguish  resnrrin  from  pyro- 
oatechin.  A  very  delicate  test  for  reaoroin  is  its  auiversion  into  finoreseein 
((/.  r.)  by  heating  with  phthalic  anhydride.  Bromine-waler  added  to  the 
a4.iutH)Ufl  solution  Ihrows  down  the  trihromo-tvmiMnnui,  CjIIHr,((lH)j.  Hv- 
Borcin  alfto  forma  a  truicetifl-cnmjiouud^  t^«H3(Cjil,t>)(f).(',Hj*t)j,  and  two 
benso^t-ilericative*,  C^.H/O-C^H^Oj^,  and  C,H5<C',Uit»)(<>-^*iH4l»),. 

iVi/ro -r  c*orr  r  ««. — I.Ji-nitrore..vtrcin^  CnlJj(NO,),.(( >K),,  formed  by  add- 
ing pKitaasium  nitrite  U>  a  very  dilute  solution  of  resorciu  mixiKl  witli  aci*tio 
acid,  crystallines  with  molecules  of  water  in  yellowiah-gray  or  brown 
laminjn,  which  detonate  when  heated  to  1150  c.  (2.'{!lo  F.). 

TrinitrorrMrcin,  Oxy/jt'cnc,  or  ^Itfftftnic  adtt,  CjH(N(>j>j(OlI),,  is  produced 
by  the  action  of  cold  nitric  acid  on  several  gum-re«iii8  (gnlbanum,  saga- 
pt*num,gum  nnimoniacum),  andnn  many  Tegt-laMe  extracts  (S.ipsn-wo(;Mi, 
Brazil-wtNHl.  eto.):  also  by  heating  meta-nitroplieuol  with  strong  nitric 
acid.  It  cryntalUzes  in  lar^e  yellow  hexagonal  priMnm  or  iHiiiiiiie,  spar- 
injrly  aoliible  in  water,  melting  at  l"."*^  C.  (.WV^  F.),  and  Mublimiitg  when 
cautiously  heated,  exploding  when  quickly  heated.  With  ferrous  sul- 
pbiilH  and  lime-water,  it  exhibits  at  first  a  green  color,  which  nfterwarda 
diRnppeari  Cdistinction  fr<»ra  picric  acid,  whicli  is  thereby  (M.lored  bhwi- 
red).  TrinilroreHorrln  is  a  strong  bihafilc  at-id,  forming  well-cry  a  talUzed 
aalts,  which  detonate  violently  when  heate<l. 

Tri-umitiorfian-cin,  r^il(N [l,),(OH),.— The  hydrochloride  of  thia  haae, 
CjIIjNjOj.SHCl  4-  H,0,  produced  by  the  action  of  tin  and  hydrochforlo 
arid  on  trinitroresorcin,  formn  large  yellowish,  cosily  fmluhle  crystals. 
The  snlwtinn  of  th»*  fltanno-rhloridf  (the  imroeHinte  product  of  the  reaction) 
is  colored  dark-red  by  ferric  chloride,  or  by  exposure  to  the  air,  and  de- 
posits on  standing  n*d  needles,  ooiuiating  of  the  hydrochloride  of  amido- 

diimidoresorotn,    C,H(OH),(NH,)<^[}>  .BCT.     Ammonia  added 

to  the  solution  of  thift   salt  separates  the  free  bftse  In   slender  needles, 
ving  a  green  mctallio  lustre. 


I 
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Hydroqnlnone,  CVH/OH),  (I  :  4).  is  form(»d   br  fusing  paro- 
Jodophenol  with  potaah  to  IfiOO  c.  (SStP  F.);  by  dry  distillation  of 
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Qninonn  crjrHtnllizefl  in  golJen-^ellow  prisms,  melts  at  11  (P  C.  (340.80 
aud  sublimits,  even  at  ordinary  ti*mperatures,  iu  shining  nt'edUifl.  It 
A  ]>uu^uiit  tv.ar-viXL-Jliiig  odor,  dmtilti  vai^ily  with  oitutHius  va^jur,  and 
>lvus  dpurliigly  in  uuld  WAtvr,  eaaily  iu  hot  watof,  albu  in  nliwhol  and 
«ther.  I3y  r«duotiou  with  aulphumtiH  acid,  or  with  sino  and  hydriK'hlorio 
avid,  it  in  convortt^l,  lir»t  into  qutnhydrt>iie,  th«n  into  hydrot|uinon«. 
IMioephorud  ]H.'Utachloridtf  otrnvunct  it  into  para-dlchloruU>nxfUu. 

Chi nr otjuinaneM  are  fonue*!  hy  the  action  of  chiorino  on  quinone.nnd 
by  distilling  quinio  acid  wtili  MnO,  and  hydrochloric  avid.  CgH|riu,  forms 
yellow  ntHMih-fl.  C(HjC'l,Oj,  produced  aluo  by  the  action  of  hypouhloroiia 
anhydriitc,  CljO,  on  benxene,  and  by  bea.ting  trichloropbenol  with  nitric 
Aoid,  forou  largv  yellow  prittma,  metiing  at  12(P  C.  (iMbO  F.).  C,HClfO,, 
obtain<fl  al*^  by  the  artiou  of  ihroiuyl  rhloride,  CrO,CI^,  ou  beuseuo,  crya- 
tallizca  iu  lnr;L|:e  lamintu  uieUiiiu;  at  ItiHf^  C.  (330.80  p.^. 

TtUrachlonnfuinone  MX  t'MurtuiU,  C.Cl^O,,  is  furuied,  together  with  CjlICI^O,, 
from  many  K-n/ene-derivativi-A  (aiiilinM,  pbenul,  is.itin,  etc.),  by  the  aetiuu 
of  chlorine,  or  of  {Kdaasium  chlornto  and  hydrochloric  acid.  It  ia  bent 
prepared  by  gradually  adding  a  mixture  of  1  part  crytitaUiced  phenol,  and 
4  partri  potasaium  chlurate  to  hydrochloric  acid  diluiiHl  with  an  equal 
volume  of  wat«r,  and  alowly  heating  the  liquid.  Hed  crystals  then  fM-pa- 
rate,  which,  nn  further  adililion  of  pf>ta»»ium  clilurate,  are  ctmvertixl  into 
a  yellow  mixture  of  tri-  and  tetra-chlunMiuinone.  To  separate  theHe  tumi- 
jHPUiid?*,  tliey  are  ccmverteil  by  8ulphun>u])  acid  into  the  corre8p<judiug 
t^hloroliydroquinoni^B  (^'sll^<'I|<i|  i^  insoluble  in  wat«r),  which  are  then  ro- 
converted  iiiU»  the  chlor(X|iiiiKiiie8  by  oxidation. 

Chloranil  form!}  golden-ydlow  binning  lauiime,  insoluble  in  water,  soluble 
in  hut  akHthul  and  iu  etiier,  aiiblimiug  at  about  IfiUO  C.  (302O  K.)  ;  cun- 
vertiHl  l>y  VCl^  into  jM*rchlorobenzune. 

Chloranit  diasulved  with  purple-red  color  In  diliile  potash-lye,  forming 
the  potassium  salt  of  chloranillc  acid,  C'jCljO,(OK), -f-  H,0,  which 
cryatallizeti  in  dark  timI  needles,  sparingly  soluble  in  water.  Acids  decom- 
pose it,  9tepar.tting  oh  loran  il  ic  acid.  (-'»L*l3<)j(on)j -j-  JIjO,  in  reildish 
ahinlug  scales.  Chloranil  is  convert«'rl  bv  aqut*onH  ammonia  into  chlor- 
auilamide,  C,C1,0,(NH3),.  and  chloranllamic  acid,  r5Cl,(NH,)0.(OU). 

Bromoiju  i noneMf  aMalogons  to  the  chloroquinnni>a,  are  olHatned  by 
fiiriiilar  reactions,  nrftmanil,  C^Br^Oj,  it  mf*l  readily  prepariHl  by  lieating 
plnnol  (1  part)  willi  bromine  (10  pnrta),  iodine  (3  parts),  and  water,  to 
lOtO.     (Golden-yellow  laminie  sparingly  soluble  in  cartoon  tiuiphide. 

Qulnhydrone,  C„H»,0.  =C.H.O,.r.n,0,  =  |^*"*|^"^^  ,  is   formed 

by  treatinj*  quincine  In  aqaeonn  nolntlon  with  a  quantity  of  pnlphnrona 
ai  id  not  siifficienl  for  complete  reductinn ;  nlwo  by  inoompletc  oxidation  of 
hyilroqoinone.  and  by  mixing  the  aqneont  solutions  of  quinonA  and  hy- 
dri>t|iiinone.  It  crystallizes  in  flat  prisms,  havlnp  a  splendid  golden-protm 
metallic  Inslre  like  that  of  the  wing-rax."*  of  the  rose-heetl*».  and  snblime* 
in  ;rre*»n  laminji*.  It  is  fusible,  has  but  liltle  o<lor.  difiBolvi»s  freely  in  hot 
w.'i(«T  with  a  brn^vn  color,  in  alwdiol  and  etlier  with  green  rolnr.  It  is  re- 
H'dved,  by  boiling  with  water,  into  qninnne  which  dit^ttls  over,  and  hydro- 
quinono;  and  ts  converted,  by  oxidation  into  qainone.  by  red  notion  Into 
hydro<]uinone. 

Phenoqnlnone,  fBH,<^^  ^  r^IT* '  '*  pfwlnoed  ^  oarefiil  oxidation 
of  phenol  with  chromic  acid,  and  (together  with  qninbydmne  and  hydro- 
quiuone)  by  mixin?  the  aqueous  solutions  of  onlmme  and  plienol.  It 
forma  rt»d,  r^ry  rolatile  n«cd1es,  melting  at  71^  C.  (150,{)O  p.),  iKilable 
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In  wat4«r,  mon*  imuIIj  In  •tcobnl  aail  ethvr. 
f^rcr.u  by  lMir>tn  or  aiijiiiuiii«. 


I 


It  u  colored  hl«0  17  pDiuiL 


n.o. 


CVH,fCIl,>(OH>w-^rcit  ec^ 


Diatomlo  Phenola,  i' 

rvn<l.T  toriiMMi  nt  nil  tUf  U<  Ut>ii* 

UtrtM  oMMw,  i-Vi.)  wltioh  nit-  \x>'  ucif  arcfcil  aiKi  Uu 

ftinl  u  tilt.' gf>nviai  proiiuct  o(  tii  ^  ..  .;   t.«^rl:i*-'  -■  - '-  -^nwJ 

fr»«ii  \\\vi***  IU-li*--U»  (orMiUinic  aunl,  «*r^thric  juriii,  «Tttr.)  <  Hrv*™ 

4»r  licMit  ur  of  alkaliits.     OrM'Miiiic  acM,  (-'lU^O.,   vthrn    t< 

WAUr,  apUu  up  into  carU^n  dioxide  auii  orcin  : 

CVi,i»,    .    CO,     +      C,H.O,  , 

Hwnlo  add  is  roiolTod  b/  the  sAmt*  triwtmeiit   into  rreminie  uid  1 


Ereinlo. 


+     H«0    = 


Oiselflalo. 


Kr^lhHfl  acid  (oryihrin)  Ui  rt«olred, 


in 


like  nijuiner,  into  «r»vUuik»tii 


KiyttirlA. 


+      11,0 


C,HO 

Orwl  llnfo 

MlO. 


Picro«rjfttir1i 


thn  oracliinio  ftcitl  hnlng  further  T««o]vod,  an  Mwrc.  into  tXJ  atid  ordii* 
and  tin*  |i><:«h*rylltriii  into  CO,,  crytliritt*  (p.  616),  Aud  orciii  :' 

C,.ll„o,     4.     11,0     «     CO,     +     C,H„0,     +      C^IJ,0,. 

To  |irrpiir«  i'ftiin  in  qnntitity,  one  of  tlic  lii-lu'im  atiove  xm  ■.  *  Ip. 
ImmIlmI  with  milk  of  liiui*.  tlio  lii|mir  fiUuritl  ruiil  i-vniMir«lr<t  to 
lh»»  liiiit'  pnt'ipHiil.il  \\y  rArU)UK'  »dil  ;  (lit-  Ultrntf  t<\  a|Hirnt< ..  ;„....,  w 
dr.vnfsa  tt«  Hh- w»t»>i-  Imth  ;  Iho  rfsiduu  boiled  BfVcral  timr^  wilJi  U'RZfDf, 
tlio  urriii  MXlrAotiiil  from  tli«  btuizune  ttulutiun  by  agitation  with  iratrr ; 
^kd  111*'  aquiHtiiA  HolutLoii  t'Vaporatbd. 

Orciii  uiuy  aUo  Ihi  pr*>iukrod  by  Iho  action  of  midting  poUsh  on  extract 
^  alo«n,  and  on  tlu^  [Mjt.iMi'itim-iiaU  nf  eblur<)luluene-iiul|ibotiic  ai^id. 

Oroln  ory»tal)lxoa  in  ctilorhvifl  fiix-flided  pri»mii  wJHtnininK  t',H  O-H.O. 
U  ba«  a  nwctd  t.iHti>,  diHsoIvi-n  readily  in  w.'it^'r,  alcolinl,  ami  »?tlirr  melts 
M  V**^  C.  ( iau.43  V,),  «iv.-a  ttfl*  ilH  watt-r  of  cryBUllixaliou  ai  S(>o  C.('lS6.sO 
1^.).  and  lodh  al  fflllfo  (\  (f,jV40  K).  lu  aijuetJU!*  solution  ut  precipilaled 
V.v  iv**!  aiidato,  colored  lilm*-vinli't  liy  ferric  chloridv,  and  exbibita  witkj 
^yy»HihWUwi  ft  trftitftlHiit  tUrk-violi>t  coloration.  ' 

hydmxvl-proupfl  In  orrin  mftv*  !«■  roidnwvi  by  acid  and  br  aI(«>hoIie 
lU/  dietUylio   elliPr.    CtH^COCjEIj/*^    boils   at    24<0_:25lC'  c. 

r,Br,(rn,K^n%,  is   prwipitatrnl  \*y  bramin6-»at*r  from 
Vh*f  i^ttuvua  aolitlion  of  orcin. 

'^     -         -,.  rfNO^V^fHOfrvTT)..  pmdnowl  by  dlpsolving  oroin  in  a 

,Mir.»  t>f  !»tronir  nitric  "find  milpliurio  acid,  lornis  long  yellor, 

M..U  «t  1*:2^^  C.  (:<2:i.()0  F.),  and  rearl  v«ry  umrh  like  tri-j 

t,..  At'tlon  nf  (in  and  bvdrochloricr  arid  it  ii*  reduced  t*J 

vM  V(rn,)(OR),,  wbirh   romis  mlorlnsis   uryHtnU,    andj 

H.j*»r«  to  tb*'   air   into  orystnls  of  mmifU*^tmiHnirrnn^ 


\n 


wlib  dvv  nmmtmin.  forminff  a  cryplftHinc  n.>mpniiml.  C,IUO,*j 
NM,     ....)  «  iH-ii  «  •olution  of  orciu  wntaining  ao-— "'-  '^  ^xp-w.nl  to  lb  ' 
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U  absorbs  oxygen,  acquires  a  dark -rod  nr  pnrplf  color,  and  gires  with 
HictjUo  ttc'id  A  de«p-n.'<l  pulverulent  precipitate  of  orcein,  C-,H,NO„ 
f»rmtid  aoixtrdiug  to  tUu  uqiiatiou  : 


C,H.«),    +     Nil,    +     O3 


C,H,NO,    +     aUjO 


y 


Orcein  nnites  with  inftalliL-  oxidog,  forming  red  lakes.  It  is  the  cliief  oon- 
stitui'iit  of  the  dye-titutfa  kiiuwu  h«  archil,  cudbear,  French  purple,  and 
litmuM.  Tiie  laful-uit-ntioued  ittihsiance,  which  is  extensively  ii^ed  fur  the 
pre piirntiiin  of  tval-pHpera,  ia  |tre|»urtHi  from  RitrcelUi  tincUiria  or  ij^rannra 
(ar/wrwi,  by  macerating  the  lit-heii  in  sulution  of  amniouium  carUinatu, 
rxptMJng  the  liquid  to  the  air  for  20  to  40  da/ti,  and  thickening  the  color- 
ing  matter  thus  obtained  with  uhalk  or  gypsum, 

Imrnn^  C(n,(CHj)(OH),,  obtained  from  toIuidine-diHulphoijio  acid, 
foriiid  enlorli48  neodUw,  luelta  at  Hl'^  C.  (ISS.tJO  j.'.^^  and  Iwils  at  2tifO 
C.  (&00'»  F.). 

/Iomopyroeat«ekim  ,  C^H^p^  =  C^HjCCHgXOH),,  which  has  not  been 
obtjLined  In  llio  cryHtallinu  state,  is  producud   by  the  action  of  hydriodio 

acid  on   oreasol,    C^UijOj  ^  ^'i*^«^!^(;|i    •  which  Is  its  methylic  ether. 

rrrasol  is  ono  of  Iho  conslitnents  of  l)eech-tar  (p.  S70),  and  is  formed  to- 
gether with  guajocol,  by  the  dry  diittilUtion  of  gnaiav  reain.  It  is  a 
colorb-sa  liquid,  very  much  likii  giiainiNtl,  boiU  at  2IltO  r.  (42(j.2<^  F.), 
and  reduc'S  silver  nitrate  whru  heatetl  with  it.  Its  alculioltc  solution  ta 
colored  dark-grcfU  by  ferric  chloride. 

ffiftlroiotuqiiinonf^  C,n/rKj)(01I),,  and  ToUtquinonf,  C|n,(rHn)0„  are 
not  kutjwu;  hut  di-  and  t  rt-oh  lor  o  t  o  1  uq  u  i  noii  e,  <',Hri,(('ll,)(), 
and  (V''i(*-'''>)^^^*')i'  **"'*  '"'"'"•''l  *'y  **'*'  action  of  hydrochhirir  a*'id  and 
)xitA.s<(ium  chlorate  on  oresol,  Just  as  the  »lx-parlion  chloroquinones  are 
obtaine<l  from  phenol.  The  trichluru-coui|>onnd  fomut  yellow  lauiinar 
crystals,  and  i^  converted  1>y  luxating  with  aqut-outi  Hiilpliiiroiis  arid  into 
Irichloro-hydrololuquluone,  tgC'lj(CH,)(<)H)„  which  crystallizes  in  color- 
less needles. 

Diatomic  PhenolB,  r^n,fl'>,  =  C,H,(OH).._^nydrophlorono 
is  obtained  l\v  the  action  ot  »olphuruki.s  oeid  oil  |)hloronf,  or  xyloquint»ue, 
CgllgOg,  a  coiiijxmnd  obfai»ii'ii  by  rliHtilling  oonl-tnr  oil  or  iM-ech-tar  rr«*o«nle, 
boiling  above  2K<>  C.  (41^'^  V.\  with  MnO,  and  sulphnrio  acid.  It  forms 
cj)kirle)>8  laminiB,  having  a  inotli(-r-of-|)eari  lustre,  fusiblf,  subtiniable, 
easily  itolubU  in  water,  alcohol,  and  ethrr.  ttxidizing  agents  convert  it 
iulo  phlorone>  ^^i^\t  whicli  forms  yellow  volatile  uei*dle8, 

Beta-nrciH  is  ohtainod  liy  dry  distillation  of  nsnic  acid  and  other 
acids  oticnrriiig  in  lichfiis,  r.  j^.,  f'pH,aOj  (everninic  acid)  ^  rgl!,gO,  4-  t'O,. 
Colorless  crystals,  easily  soluble  m  hoi  water,  melting  »(  l<tJiO  ^^'.  (228.20 
!■*.).  Thfl  aqueous  sohition  turns  nnl  wht-n  mixtsl  with  nmuionia  and  ex- 
jiused  to  the  air,  and  is  colored  dark  rtsd  by  bleaching  powder. 

Vftratrol ,  obtsintvi  bv  distillation  of  vpratric  atMd,  C^n,,Oj,  with 
baryU,  is  an  oil  solidifying  at  lAO  C.  (59^  p.),  ^nd  boiling  at  2(^20.2050 
C.  (:iIt5.tiO-4(>lo  p.). 

Thymohyaroqulnone.  r,„IT,j(OIT).  »«  r„H,(rnO(rin7)(On),. 

H'  only  known  ■liaUtniK'  phenol  containing  10  atoms  of  carhon,  ii*  prodmn-ni 

by  ihea(:ti<^>n   of  sulphurous   arid   on   thymtjquinone,  and  rryRtallises  in 

limpid,  shining,  foor-sileil  prisms,  milling  at  139.50  (*,  (283.1 

aobliming  without  deoompositiou  ;  converted  by  oxidation  into 
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PI1KNOL8. 
It*  mi>tli;tlc  vtlMr  \m  ft  om&Btitauiik  of  th^  volMtW  atl  of  Ar^ 


Tkymnqutnone,  C»H„<Cl>>  ('*jr*^0»    S»   prodnc««i  Vjr 
thrinnt  ami  c»rv»cixtl  with  Mut\  and  valpharie   «rj<|.      It   rr, 
jellowUbloa.mrlU  at4j.50C.  (113.00  K.^.and  boiU  »t  30V-  ^ 


aittmi 


Trlatomlo  Ph«nol«,  C^U^COHv 

yrogallol  or  Pyrogallio  Aold,  is  prv^luooil  hy  the  vtir« 
of  h.'jil  uii  gmllic  (.iioxysuUcviii)  mid:  C,n,i  l^  ^  <^>j  4.  C^H/l,;  »i»o,  i^ 
Kitlh«ir  wttU  gjtllii- Aeid,  hy  thu  AOtion  of  hot  OAiiatic  pi>t«9h  on  di-tu(lu»*ii* 
cylic  noid,  C-jH^W  It  is  ofHivcnifntly  ])ri»])»r<><l  Ity  lifati»g  a  (InM 
Aq(iLM>iiit  dxtrnot  nf  gall-nuU  Uy  IsiiC^IS'tOC.  (n.'»i*0— irfjO  }?,^  in  lui  iron  p* 
cuviTi'hI  nith  a  pnjHr  cap:  it  iheii  BubUoitw  «a<l  oouUviiac*  uji  Ui«  oip  1> 
long  natttiiMvl  prbituij. 

l*yrft;;aU«l    is  «(tlnlilo   in  wal.-r,  ftloohol,  and    olhnr  ;    It  mrlis  At  115^  C. 
(231K3  J.'.),  t„>iij  at  2IUOC.  (4Ut*^I'0,  And  ihnvuuj^Kwca  at  2;ri*»o  r.  (48^0 K.), 
IriiiK  t'lf  vrator,  and  leaviiij;  n  nriidue  of  motagalljc  noid.  r,H«0- 

>gail<>l  diflRoivi's  in  cAU^tLio  |»ot<if(h  or  fi<i«la,  fnmuii^  a  eoliition  vbicv 
quickly  abtwrlm  ox/k*^""  f*"**"*  the  air,  and  liirnj^  bLick  ;  thin  itolntinn  ft»nna 
a  very  ci>nV(MUfiit  frn^^t'nt  for  the  cueltonii'tric  annlysis  of  air  (p.  IIH*), 
Wiih  auliitiaiiH  of  fLTroua  saltfl,  it  prftdiu-^s  a  >>lA<<k-t>1ue  onUir  ;  with  (r>rr^ 
»ullH  a  nd  wlor,  ryr«i;;ill»l  quickly  n'ducv*  g»M,  Bilrcr,  aiivl  incn 
from    tbMir  aulta,    and    forms,    with    lead    aovUte,    a    whito    prwipii 

With  bromiw  pyroffallol  forma  a  tribrorao-dcrlratire,  C^Br^fOH,)  ;  wl 

armtifl  cMnrida  it  yields  ft  iriatflyl-durivativu,  C,H,(0C,H,O),,  forming  crj 
tals  ulighlly  soluble  lu  walur. 

Phlorogluoln,    CaHjO,.      PhlorUin,   or   Phloridain,    C„n„0„ 
cryMtallin,.  hiitiaUuicc  found  in  the  ro«tt-l«rk  of  tho  apfdo,  i»ear,  plum, 
cbnrry  u-wn^  \n  rfsulvod  by  boiling  with  diluto  aoida  into  gluousu 
pbloretin,  C,4H,,()j: 

tt«»l  i»blori»tin  hi^at«d  with  aqueous  potash  ia  resolved  Into  phloreUo 
ni'd  J'l.Urogludn: 

Phloroglncin  ory«talli«e«  in  larcA   colorlen9  priams   eontaininir    2HJ 


ryHlatlUnlion-wati^r 

t  dtMHlIlljiKjBitio 

,  and  rlb.T.     1 
and  oulurvd  dark  riol 


T  ulo'f'^*^'^  *""  '•*!""*"»»■"  to  t»H-  air  ;  gives  off  all  its  cryslall 
I y^  ^. :  m,.lu  at  2.HtO  c.  (44<;0  K.),  and  BubUm»3S  withm, 
It  na»  tt  awcot  tftttt^.,  and  dissolvi's  easilv  in  wator,  ftU?oh««I 
a,liK'ou8  Holution  iH  procipitatt'd  by  load  acetati-,  and  ool. 
Ity  fiTrio  ohloridis, 

IMilorogbu-in  ia  converlwi  by  ohlorino  Into  dich  loracetio  ^cU 
^lthf/rrn«««  and  with  nitric  aeid  it  fi.nua  tri-»ubstitutiou  dfrivativwi;  wi 
^cftui  chloride  and  ft^nzcy/  cMvri^U  U  yields  lh«  (others -C,H,  {  ^lr\\\,  . 

((Oil)  t"*,"aU 

C|"3|«.K\h|o  *    ^''•'*   ''^    which    are    cryntallino.       Ita    dibutyril  MhorJ 

C*"*!  (OCiU-U)  »  c*ll«I  ^/«ic  ocm/,  oooura  in   the  nwt  of  the  luulu  fej 
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(AMfHilium  Filie  moj)  as  a  crystnllint*  Bnl«tant<e,  which  is  resolved  byfasioD 
with  potHKh  into  phlorogluoin  ami  hutyrie  avtd. 

With  amHifiHttt  phtoroglucin  forniH  thti  bjiait:  oompound,  phloramine, 

C|U,  <  L.|  ''  ,  whiuh  forms  cryatalliuo  aalta  with  acids. 


Appendix  to  ikf  PhenfAs — PiiKiroL-DTSS. 

Anrlnor  Roaolio  Aold,  C„Hi«0,  (or  CvU,«0,r).— Thiaoom- 

poutiil,  liUo  c-allt'il  CoraUin,  in  A  rill  ^olurin}^  matter,  dhlninert  hy  healing 
pheiioL  with  oxalic  and  itulphurio  acid,  thu  oxnlio  acid  hf'mg  then  rtMolved 
into  i^O,  C0|,  and  ll^O,  aud  th«  CO  rt^aoting  with  the  phvnol,  aa  shown  by 
thti  eq^uation  : 


4-     2C0 


c«n.A  +   2n,o. 


To  obtain  a  pnre  prndnct,  tho  niixturf  nf  nulphurii!  acid  and  phenol  must 
be  heated  on  a  wati*r-butli ,  and  thn  oxalic  aoid  add^vl  gradually,  waiting 
each  timu  till  Lho  cvoluti>iii  of  gus  ocasrs.  and  nut  ui^iitg  suOluiunt  oxalic 
acid  to  attank  all  tbo  phunul.  Thu  aurin  thus  obtainud  liaa  exactly  the 
coini>ositiun  C'„li,,0,.* 

A  luimim^rdal  iSye-stufT,  known  as  aurin,  (v>rallin,  or  pnKtnin,  which 
glvvn  a,  lluo  >N.dlnwr««d  color  to  wool  and  tiilk,  tti  prcpari-tl  in  a  similar 
manner.  It  is  a  mixturt'  of  neveral  snbstantvs,  but  may  bo  purifii^d  by 
trcatiut'nt  with  aqutniuit  ammonia,  which  dtsaolvea  the  extraneous  nisttcrtt, 
leaving  n  rutfidue  of  nearly  puru  aurin. 

Thu  itnrni*  compound  is  obtainml  hy  Ihf*  antinn  of  nitmint  acid  on  nHtani* 
line  (p.  8-18);  ami  it  is  rt^convertiM]  into  that  base  by  heating  with  auauouia 
In  aq^uuoua  or  alcuhulic  solution. 

C^HuO.     -I-     3NU,     =     C^«„N,    -f     3n,0. 

From  this  it  would  appear  that  t)iA  formula  of  roeaulline  should  ba 
C„Hi-Nj,  wheri-aa,  according  to  Hofmann'a  analysis,  Its  composition  la 
C.,olI,yNj.  Further  iuvestlgatiun  is  thereforu  risjuired  to  clear  up  this 
dirtiTi'pancy.f 

Aurin  crystallines  from  alcohol  in  re<l  prisma,  having  a  gu*en  mi^tAllio 
Iniitru.  It  is  insoluhlu  in  water,  but  Holnhle  in  alcoliul,  ttirong  hydro- 
chloric acid,  and  glacial  ac^i*tio  aoid.  It  uniti^  with  ttulphurous  anhydride, 
forming  garnel-rwi  crystals,  (C^ll, 405)^1^0,  -|-  .1ill,<>,  and  forms  orystal- 
lim*  tx»mpuundf«  witli  bisulphiti*tt  uf  alkali-metal,  r.  17.,  C^Hn<),.Xall30,. 
Ilromitm  added  to  its  acetic  arid  iitdution  thruws  down  tlie  compoand 
C^IIjQltriOg  in  shining  green  lamin«. 

By  reduction  with  zinc-<luBt  in  alcoholic  solntinn,  anrin  is  oonverted 
into  leucaurin,  CjolI^Oj,  which  crystollizai  fri»m  alcohol  in  colorless 
prittiuM,  and  is  rttconviirtwl  into  aurin  by  oxidation.  Trwcei^i-leuamrinf 
C»li|s(<^jH/03^3»  produced  by  heating  leueaurin  with  acetyl  chloride, 
forms  short  silky  neodlcs,  easily  soluble  in  alcohol  and  in  acetic  acid. 

Phthalelns. — These  are  rompoHnds  formnd,  with  elimination  of 
watiT,  by  thf  combination  of  ph<-noU  with  pluhalic  anhydride,  CglljO,,  or 

C,H,^P^!^0.     They  contain  Iho  ketonic  group  CO,  together  with  the 


*  Pi  1  e  and  Schorlemin«r,  C'heni.  Soc.  Journ.,  1873,  iM ;  adU  KT.  vol.  11. 
p.  121. 

f  It-ilP  and  Schorlcmtner  obsorve  thnt,  Id  the  ADKlyali  of  orgiuite  oulurlng. 
&al(er*,  Iho  pcreeutage  of  hydrogen  U  often  found  too  high. 
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h^drui./l-groui«  of  tli<*   pheiioU,  JUid   an*    cofiAtf^, 

.•i>loro<l,  »«•!  wl  M  il>-o-#tua».     By  b.v.Jr  ,    (,*wiU>«  *>£  lui. 

jilkiUiiU!  •olutioii)  llu'y  ori*   oouvurti?.!    i-  .aIIha,  ouUirl 

}H>uniU  in  which  th«  kvtonic  group*  u-v  > :<>iiv._rtc<d   tbtu  aicMbuIvk' 
r(on);  r.  y., 

Pbettul-pbthAletn.  Ptkrucrt-jiMbAlto. 

By  ozMAtion,  the  phthKlliu  arc  rvoonvisrt***!  mto  phtltalriutf. 

Plif  uol-jihlhjil«'in.  C^H„0,.  i»  vrM(>jin.>«l  by  heating  10  {urts  of 
l>hi<uul  with  r>  purU  of  phthaUc  luihydriiit.*  (Uid  -1  |»arta  of  stn^u^'  Milptione 
ai^i.l  lo  I'iMO  C.  (i4HO  K,)  for  alwut  U-n  hour*,  uxhnufliing  the  produrfwitli 
bditing  «riit*tr,  tlinintviiig  th*^  ruMilut*  in  ililul^  c«ui»tic'  eu^ia,  auil  |tr«-cip»- 
tAtiiig  with  Acs^tic  klMiI  and  a  litdd  bydr<.H;hKirii!  aei<i.  It  may  be  puri&«4 
by  Ixiiliiig  itM  nluiiholiu  Koltitiou  with  animal  vltnrcoai,  liiij  precipitalUtf 
tht*  flltrnU  with  watrr.  It  lhi_*n  ftfpdrntt'^  ns  n  whilt?  (>r  vcIlowbh-wUl* 
cry»tallino  powdiT.  or  In  triuUnic  cry^^tald,  aci'unlin^  na  thi>  prt>ci|^nallOI 
in  uITuoUmI  4uiu}cly  i>r  aluwly.  It  dittxnlvfa  lit  nlknlicswith  fuchsil  ^ 
ruhtr,  and  on  huaiing  thn  alkaliuM  Holutiou  with  xinc>aiist,  it  hem 
colorl^'SA,  fmni  iiinvt<r«inn  of  the  phthaU'ln  into  ph  en  ol  -  pb  t  haUt 
CjjH,,Oj.  whioh  HoparAttis  on  ailditinn  of  hydrochluric  acid,  in 
pritnui.  Thin  mmpounil  di-isolvna  in  strong  sulphuric  acid,  and  tho  m 
tjnii,  uiixi*d  with  wntt*r,  doptMiU  an  ainorphtMii*  yMlJowitth  siih^tAi 
r^.,!(,,0,,  c'FilloiI  p)M*nol.ph  t  halidin,  whit-h  may  l>e  rcoouvfrtM  il 
Ihrt  jdithaiin  hy  huailng  with  watnr  to  XlltO  c.  i'M~o  p.).  Hy  ^xpmi 
t«>  tin*  rtir,  or  nion*  qiii«.'kly,  hy  ttvatniont  with  nuuig»iieH4<  dioxJdi>.  pot 
Riiiin  manf^anato  or  |>iitaitsiiiin  ft*rr  I  cyanide,  it  is  uonvtrttHi  iutu  a 
puuiid,  C,qU,|04,  iiiuuiuriu  with  pUenul-phthaluinf  which  separaua 
mMnociiuIo  iiryilaU. 

Busoroin-phthaloiu,    or 
CO— C,  llj— OU 
QHj^^  ^O  ,  prepared    by   lieatiug  rvsorciu    with   phi 

anhydrldt)  to  ;HHiO  C.  (IWJO  p.),  forms  dark-brown  oryntaU,  which  dUaob 
in  ammonia,  forming  a  rod  Boliitioa  with  Rplundid  ^reeu  11  aurestc^noe. 
adding    broiuiitu    to    ita    solution    in    glacial    acetic  aoid^  tetrabroni* 
re^iurcin-ph  thai  tun,    or    RoHin,  gradually    Beparalus    in    tTystah 
whioh  may  bo  piirilb-d   by  oanviTsion  into  a  putaMiiuui-Hiilt  an>l  prtHjipii 
tion  with  an  aciil.     From  dilute  alet>hol  it  Beparatc«  in  dull,  Il«^$;b-color< 
crystaU  ;  from  ab-tohiti'  aU-ohnl  in  ri^d  oryHtaU  containing  1  molecule 
aloohol.  It9pota8siiim-«nlt,C„H,Br,l\lCj, kuownincommMTCtfoi  "aoloble 
eosin,"  dyiu  Hllk  of  a  fine  runt^^olor. 

PyrocatecliinphtUalein,    C^U^O.,    formed    by   gently 
pyrf»i?ateclun  with  plithatio  anhydride  and  aulphurio  acid,  dinnolves 
]>otaAh-ly<)  with   a   flm?   blue  color.      Hydroqul  non t*-ph thalvi 
formed  in  liki*   niatiiiLT,  di^solvos  in  strong  sulphurio  acid  with  brick-rc 
color,  \j\  alkalitrd  with  v^iolut  color, 

Orcin  -  ph  t  h  aloiu^  r„H,KOj,  forma  colorless  needles,  diaaol  ring  la 
alkalio«  with  dark-rml  ix>lor,  without  lluoruaoonco. 

U  a  U  c  i  n    or    P  y  r  o  g  a  U  o  1  -  p  h  I  h  a  I  u  i  n ,    C,oH„0, 
CeH,<^JJ^>"=|',{{|j»,  produced   by  heating  pyrogallol  with  phtbj 
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unli>drtiln  ti.  l*KtO-2t*ltO  C.  (a74C<-392a  F.),  furma  n  brown-red  powd(?r  or 
Brnall  crvHtnU,  with  yrtMjn  surface-color.  U  (li«(olvi?s  iii  aK-ohol  with  dark- 
red,  in  pfit.iah-l}^o  with  fine  bluo  color.  Bjr  zinc-diist,  or  by  xinc  and  sul- 
phuric acid,  it  is  conrttrt«M)  iiitogallin,  Ca,H,g(>,,  which  forma  nujirly 
colorless  crytiUila,  and  is  converted  by  heating  to  m»o  C.  (UHtiO  K.),  with 
■troiiK  suljihurio  acid,  into  cwrulpin,  (-'sol*»'N.  ■  blue  d.vT-stufT  which 
dismilvw*  in  alkali-.-a  with  greon,  in  aniliiio  with  apleudid  blu«  color, 
And  is  reduced  by  xlne-dual  to  cwr  u  I  i  a  . 
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IVormal  Aromatic  Alcobols. 

Thwe  oompounfls,  fomiod  by  substitution  of  Oil  for  H  in  th«  laternl 
chains  of  thv  hydrooarlMiui  boiiiolugouH  with  bi*uz<*nit,  contain  th«  group 
CHjOlI,  and  are  therefore  primary  alooholii,  i»)nvertiblo  by  oxidation  into 
aldehydos  nnd  acids  (wntaining  tliu  Hatn<*  number  of  carbon-atoms  oa  tlnj 
ftlooholH  Ihi'nweUes,  and  producible  by  niuthfids  Kiinilar  to  tlioso  which 
yield  the  primary  alcohols  of  thy  fatly  Hrries,  viz. :  (1)  From  tlie  hydro- 
oarboiu  by  oouventioii,  iinil  into  hnbud  dorivatii^e^,  KUirh  na  C^H^.CH^Cl, 
thnu  into  auetio  ethent,  and  Aa^Kjuifi cation  of  tlm  latl«r  with  oautttio  alkcA- 


CbIIj.CH,.OC,H,0    h-    koh 

Brnzyl  lujvtAlo. 


CjHgO.OK     -h 


r.Hj.rH-.oH. 

Br-Dxyl  alcohol. 


(2)  From  the  aldehydes,  by  the  action  of  nasount  hydrogen,  or  by  lieating 
with  alotdiulia  potatth : 


2(r,nrno) 

BensaldetiydL-. 


4-     KOH     = 


c«u,.rn,.OH 

aIcoIioI. 


c,H,.ro,K. 

Put  lift  Ml  um 
beoaonle. 


Monntom ic   Aicoholg, 

Benzyl  Alcohol,  r,II^0a«r,n^.CHjOH,  may  be  prppnnyl  by  the 
nx'tbodii  just  nu-nliuiu'd,  nr  by  the  action  of  uaacenl  hydrogen  on  twnzoio 
or  hippuriis  acid.  It^  bt'iiBoio  ether,  CyH^O^Cf  H,,  u  one  of  the  ooiutituenU 
of  Peru  and  Tolu  babams. 

lienzyl  alixthtd  in  a  poUirless,  «tmngly  refracting,  oily  liquid,  having  a 
B^H^ciBo  gravity  of  1.051  at  l-io  ('.  (5*7.20  P.),  and  "Udling  at  'H)'o  C. 
(404. UC  p.).  It  is  inttolublo  in  water,  but  soluble  in  all  proportions  in 
oomninn  ahmhol,  otluT,  arflic  arid,  and  carbfui  hi<inlphide.  Ky  oxygon  in 
ptMSonce  of  platinum  bla<'k,  or  by  nitrio  acid,  it  Is  convertwl  into  ben- 
loio   aldehyde;  by  aqueous  chromic  acid,  into  benzoio  acid: 

C.Hj.CH^OH    4-    o    =    n,o    +    CJtj.CIIO, 

and  c^UyCM/m   +    o,  =   H^o   +    r,nj.co(orr). 

Strong  hydrochloric  acid  converts  it  into  bensyl  chloride,  C.HjCl. 
Distilled  with  »(--i*tio  acid  und  strong  sulphurio  acid,  it  ia  c^invcrted  into 
bcnzvl  aoetalc,  C;II.{OC,H,0).  a  liquid  having  an  odor  of  jirara,  and 
Iwiling  at  2HO  <".  (4K'0  V.).  Benzyl  oxalate,  C,04(C,H,),.  forma 
shining  laminip  milling  at  80O  C.  (17iP  F,), 

Alcoholic  U'lizyl  ethera  are  formed  by  heating  benzyl  chloride  with  so- 
lutiunii  of  potjt«ih  in  the  corresponding  alcohols.  Methyl  benzvlatci, 
CVi^.O.Cns.boiUai  1G80C.  (334.40F.);  ethyl  benzy  late,  qiVaCjUj, 
1850  C.  (Ser-O  F.).     Benzyl-pjieuvlate.  C,H,.O.C,Hft,  formed  by 
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ALconoi«s, 


11  iNiri<_  .>xi-lt>    i^  jr-ll,M_m^ 
U  with  w«u-r  Xu  hiJO  C.  (3T< 


liralinK  l»i*iuvl  rhlorM**  will 

(loi.'JOK.).  Uium  ;:t»iOi . 

ulitaUi««l  by  bt.*atm>;  b«oA>l   . 

U  »u  *iil  liuiliiig  aIhjvc  ^kMV  L..  ^ 

.1.'       1     ■    '■     r .  r.ii.n.CHgCi.  with  '.    . 

1  ( IMi.h'P.).  anil  Imil 

I,,,, . :  aFv  fiiriiusi  III  A  sniiil.-.   ...„^,„.  , . 

paranitroU'iuvl  ttcr'taU'("l>tiuii«?«l  bv  iitlnitinu  of  tivrixvl  aovtAtc)   ts 
ill  but  uttU-r,  iiud  uielu  At  &30  C.  (1K9.4^  F.). 


I 


. — Of    tho    lUr< 


Bi'nivl     h.vilrniiiilphi*Ii*     or     Bonsyl     merenf* 
ClljSII,  ohtaiihMl  by  tUo  ovtiun  of  Alcoholic  potjwaiam   If 
tii'iicvl  chbirhlit,  Id  a  li«iuid  having  an  alliaiNVtiiN  odor,  a  at- 
1.058  At  2«>o  ('.  («ao  p.),  and  Iwillng  at  194^  C.  (3S1.JC  f.j.     ii»  ilwt* 
lie  solution  glvm,  with  melftUic  sallu,  predpiUtes  oondisting  uf  Uuijt 
mcrcaptides,  e.  g.  (C,llj.CU,!5)3Hg. 

Benijl  ■alphidc,  (r,HyrH])fS,  formod  by  th«  action  of  potettiod 
mnnoAulphi'l^  on  U<iiiyl  diloriilv,  in  alcoholio  snIiitJon,  cryntallizn*  ll 
(xilorhmtt  u*H.*dU4  melting  at  41K>  f'.  (121>.20  F.).  By  oxidation  with  aAiM 
m^id,  it  is  wiuvcriod  into  bona  vl  oxyeulphide.  (t.gH4,CIl->-SO-; 
U  M>luhU«  in  hut  wat«r,  and  undlii  at  15llO  C.  C-ltiGO  y,y, 

B.'nxyl   disulpbide,  (rjHvrH,).^,,  fornnH!  bynxidfltioii  of 
ni-rrnptan  exposi'd  lo  tho  air,  crysUlliats  fu'iu  nlinihol  in  shining 
int'lting  at  tfU*^  t\  (ISO.tP  K.>-     ^aaceut  hydn»gen  ooiivtrrte  it  into 
in  L*  reap  tan. 

All  thi^au  anlphur  compounds  of  boniyl  arv  deoompoiied  by  hc«t. 

Xylyl   AIoohoI.»  C,H„0»C,H.<J:^»^^ 

moric  ni(Hl)fi(ji1ioti8  of  thiK  alcohol  only  ih^  pnrn-ounpouihi  i^  known,  ti 
is  ohtAintfl  from  tho  o<)rrt»flpt>nrling  aldtdiyiU-,  and  frton  pnraxylyl  chloride^ 
C,U,((-U,).CII,L'l,  by  the  utethixls  above  diticribiHl.  It  rrystalliara  in 
n(HMllt«,  di!t.Hi)lvt.<«  »i>nringiy  in  water,  nitdtn  at  5iKi  c.  (KJJS.I^O  F.),  an<( 
boils  at  217*^  C.  (422.0*^  F.).  Nitric  atid  otuivortH  it  into  lolnic  jUih-hydf, 
(',t[^(l'IIa).l'II<).  By  lu-aling  with  hydn«rhIorii-  nriil  it  in  ri*oi>nvtTti*d  into 
xylyl  chloride.  lu  atM-tic  ellu-r  l*.iilrt  at  ^4:tO  (_'.  (4t;it.40  F.).  The  ihloridd 
triMlo.1  with  KlIS  and  K,S  yli-lds  the  lontpoundK  CVH,(SH)  and  <(:,II,)^. 

Mi'tami'rio  with  th«  xylyl  akohoU  nr*? — (l)  Frimary  ph  e  ny  I  -<?ihy  I 
aluohol,  Cfll^.ril^.tjl'.on,  formod  by  thu  nrtinn  uf  fWHlinni  Auiul(ramon 
a  ttolutiou  of  alplia-toUiio  (phcnyl-Acetic)  nldchydv,  C'.Ha.CH^CIIO.  dw- 
Bolvcd  in  miu.'ous  alcohol.  ColorU-sa  li(|uid,  Iwilingnt  212^  C  (4l3.tP  F.). 
Spi'oifle  Rr-iviiy,  ].03;n  at  210  C.  (tJO.b^  F.)  Convi-rlcd  by  gradnal  oxi- 
dation into  nlpli.i-toluic  acid.     lu  ruvtic  i-thcr  Iw^iU  at  22400'.  (435.2^' F.). 

(2)  Soci)n.lttry  phonyl-ethyl  ftlcoliol,  rgHyCIIOll.rH,,  prt*- 
part'd  from  brouu-thyl-UMiifne,  CjHj.CHBr.CUj  (p.  b27),  in  thf  fiAnto 
mannrr  as  hitnzyl  alcohol  from  In^nzyl  c<hlorida  ;  and  by  thn  action  of 
Boilinm-aiual^um  on  ncvtopht^none.  CfllyCtKCII,.  It !»  a  colurlma  litj^i 
boiling  ut  2020-2030  i\  {3!»fi.(^i-:i97.40  F.).  bAvine  a  density  of  l.Ol" 
reconvi>rt4Ml  by  oxidation  into  acotophonone. 


liuiudvi 


•  Ornprnlly  caUcd  tolyl  «K'o!iol  j  but  thl«  n«me  Is  tn«p|iroprii»ie.  If  t\H^iCB»t. 
niaUll  18  to  be  called  tolj/t  alcohol.  Then  <\Hft.OHjOH  atiotiM  by  nnnh>|^  be  oillril, 
Dot    Ix'nzv)    alcohol^  tmt  phenyl    alcohol.     Tho    true   TOlyl   alaohol   la   erMOla' 


CH 


C^U^    QjJS  mctaiuorio  wUh  bfuiyl  nlooliol,  UU- ^y'jj 


EYCOCSEYli    ALCOHOL. 
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Phenyl-propyl  Alcohol.  C,H,aO  =  C,Ha.CH,.CH,.CH,.Oll, 
prtnlin  •■il  \ty  llu-  action  oi  iiasc-ijut  lij.'<ir(jgtai  on  Klvrj^l  alcohol  or  i;iiiiiauiitf 
alcohul,  ('^n„0,  ia  a  liquid  boiling  at  Xi^^'C.  (455*^  K.').  Sewmdur^v  ph.-nyl- 
propyl  alwihol,  t',U5.CJlg.L"H(UU).CH,,  furtued  Itv  the  action  of  iiiisuvut 
hyilntgpn  on  <*thyl-pheu^i  kutonu,  is  &  liquid  bulling  at  2lOCu.^iiO  c. 
(41uO-IU.»OF.). 

'      Oymyl    Aleoho  I,    C„H„0  =  C^HijCOH)  =  C,II„.CH,OH,    aliio 

callirtl  Cumifiie  .l/toW.— TIiih  alculiiol.  diMuo%*t'r(?J  hy  Knitit,  in  prtxluctMi, 
t(i>;i-thi*r  with  ctirnie  Acid,  Cioll,/),,  hy  the  action  of  aleohuliu  poUtitb  ou 
cuiuic  &ldeh>'du : 

2<-'.oH„0    +     KOH    »    Cu,HuKO,    -f-     C„n„0 . 

It  is  a  colnrU>99  liquid,  boiling'  at  *^30  C.  (4(!0.4Q  F.),  insoluble  In  wator, 
iolubk'  in  all  pnipiirtions  in  ctnumon  ak-oliol  and  utliiT.  fjttriu  acid  c«in- 
Tvrtri  it  into  rumie  arid,  Hoilttd  with  ulcubolic  potjwh,  it  is  oouvorltid 
lulu  potassium  cum  ate  and  cyiueuo: 


-I-     KOH     = 


+     2C,,U„     4-     2U,0 


Met!UUL<riu  witJi  this  coiupuuud  ia 


Bensyl-dimethyi 


Carbinol,    or     F he nyl-kata butyl    Alcohol. 


HO— Cr^'U.(C,El|)f  obtJLined,  similarty  to  tt*nianr  bulvl  alcohol,  br  the 

action  of  xinc-incthvl  nn  ph«ny!-ac»>tio  or  a-to]uic  chloride,  ('allj.L'Hj.nX'l. 
It  crystalUzos  in  IongtiilorU«snwdlos,  molts  aLt)i)if^~±!P  C.  (GbQ-Vi.oOK), 
aud  buila  at  i2UCu230O  c.  (42bi-4460  b\). 

Syooceryl  Aloohol,  C„n„0=s  C„n„(On)  «sC„H„.cn,OH. 

—This  <'oiii]M»uii<i,  discifVtTfd  by  Df  I.;i  Ku«  ami  MQIlrr,  Ih  produ<'vd  by 
the  at-'tinu  lit  jiUvtholic  d^Mla  ou  ^ytsKvTvl  acotatt*  (a  crytttalliue  KiibHtAUi^ 
tixtractt^d  from  the  rettin  of  /Toti  rului/inom),  and  purittitd  by  predpitaliou 
with  water  or  by  crystallisation  fri>m  common  alcoliol.  It  formn  rery  thin 
cryitlalii  r>>Atiml)ling  cafTeiuo,  and  mt^'lting  at  tiU^  C  (1940  F.)  to  a  liquid 
heavier  than  wat<-*r.  It  is  itlowly  atlnckud  by  dilute  uitric  auid,  yJeMing 
a  crystalline  miii*^  apparently  coufrinting  of  a  mixtnj-t<  of  itycoiiurio 
acid,  Cijll,/),,  and  uitrosycouoric  acid,  t -i^MyjCNO,)*)..  [tolled 
with  dilute  atiut-ous  chromic  acid,  it  yivldii  thin  prixnib,  probably  of  ay- 
coceric  aldehyde.  L'jjH„0.  With  ocaty  1  chloride,  it  form*  crystal- 
lino  sycooeryl  acetate: 

c„H«oH    -I-    c,H,oci    «    na    4-    r„nj|.o.CjH,o . 

Wltli  U'lisnic  acid  it  yields,  in  like  manner,  syenceryl  bcnsoate, 
C,,lI„.(l.l',IljO,  which  cryBtttUii**  in  priums  from  solution  in  Itenztaie  or 
chloroform. 

The  reHJn  of  f^au  ruhiffintwi,  an  Australian  plant,  is  resolved  by  treat- 
mvut  with  aloohnl,  into  about  73  \H'r  cent,  of  sy  c or  r  t  i  n  ,  soluble  in 
L'old  aU;ohot,  14  j«*r  cvnl.  of  eycoceryl  acetate,  Roluhle  in  1h»1  alcoliol,  and 
13  per  cwnt.  of  rtiiiduu,  ouuBinting  of  caoutchouc,  sand,  and  fra^nwrits  of 
bark.  8ycort?tin  is  an  amorphous  white  neutral  ro9in.  Tery  brittle, 
ond  highly  electric  ;  it  melts  in  boiling  water  to  a  thick  liquid  which  floats 
on  the  surface.  It  dissolTes  easily  In  aloohol,  ether,  chloroform,  ami  oil 
of  turpeatiuo. 
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ALCODOl^. 

B«n«yleD«  Olyool,  r,llv«'H(OH>,,  app^^rn  (fi>r  r^asoiw  aSiradj 

.     :•.   MN>).  l.»  U  ■'       ■  I    ;■;._■      r  :.   - 

*■''»'     •>'  '•         it*     Otllr-i  ?■      .11  .      ■  -k     ii  ■ 

(^;^t>)  liv  thi*  ocUtiu  of  sodium  iiKx>Uulat4>>-. 

rf,w  ,H^.ni((K',H»),  Hi  2220  c.  C-Iitl.oo  y.^.     xii*  ocrtK  «i4r. 

V',11,  ''i"^!'  "  orxBtallini';  uiolu  at  'MJf^  C.  (l»a.f«0  y.)^  ana  bmlt 

•t  Itio-  4  .  ( ••;-!-  K.).  bvisig  ruaolrisd  at  the  Miuo   tiiuo  into  bouuUrfeh/^t 
antl  aootic  ftuhrriridv. 

XylyIen«Olyool(p)ir«),C»Tl4<Q;jj»'j^j^  ,  obtained    by    U«3aiqg  pio- 
XTtrlvtitf  linniii«i«Mtr<hliroinoparaxTle«H,  CgHiCCU^Br),,  with  wat<^rto  IT^  " 
ISiiO  r.  (;l;l^•-'-;^.'l<^|  K.).  frvslailixes  in  ctilorU-Hs  iietNllits  utt-ltiiix  «i  11] 
11:Jcj  l\  (;;;(;i.ii'-'-U.iri.+-' K.),  tyutil/ soluble  in  watfT,  txmrerted   br  «xh 
»i"II  «K""^  '"*"  t'''*''|''>**"''"-^  acid,     lu  djac^'tio  utber,  C-H^frH    OtlJLdl 
molUa4-l70C.(lUi.(JOFO.  *    ♦^    '  i-^'W^^'J 


I 

I 

r 


The  following  tvinponndd  l»av«  Ww  b.vdroxyl  j;rnup9,  pwiiiv  in  the' 
ci|M4l,  purlljr  tu  ilio  Utvrai  cbaiua,  and  are  tbercfortf  both"  alcuboU' 
(ihunuU. 

Ballsenln,  C,n,0,  «  C;H,(Oir>— Cn,OH,  or  Ortko-^^xybenz^  oiroAoi,  » 

|uriiii-ii  Uy  tho  action  of  njiMH<nl  li>drogt<ii(in  salicylic  aldfliyd^,  C,H.(OII  '' 
two  ;  and  bv  di?€xim|Mn»itinii  of  italiciu,  C,,!!,,**,  (a  bittt?r  substaui.o  Tout 
In  willow  and  txijtlnr  bark),  under  the  iuUuuuocof  emuiaia  or  ariu 
the  ferioent  of  swwt  aUuuuds 


Sallclu. 


11,0    =    r  ii„o. 

Qluoofc. 


SAngealn. 


^1I)[ontn  forms  colorlorts,  nAcn^ouH  8oa1t^,  frwly  sol  libit?  in  frat«r,  aloft- 
)\\s\,  *nd  **thi'r.  It  molu  »l  ft20  r.  (I79.0O  F.),  and  lit-coruixiaea  at  about 
yw*^,  IMltitv  &otd»  at  Uttlin^  hoat  convert  it  Into  fiaUrotin,  C|ll^O, 
K^Uutid  luliMtauce  dilTcrin^  from  saligt*nin  by  tho  eltnut^ntfl  of  wati-r. 
.Mt.>  lubxtani^^  in  jirodncnd  diit*iitly  from  salii'in  by  boiling  witb' 
i.U,  Many  oxi<liiiTi^  a^ontn,  m  chromic  acid  and  silvt'r  oxtde, 
,^,s,.  ''  tM)in    into  snlir}'lic  aldehyde  and  salicylic  auid  :  thiii  shtiwl 

k^«,  >  iluwH>inpound.     The  aqncous  aolution  of  saltgcnia  givns  a 

.»...  .  ■^>'  oolnr  with  ferriu  f^alts. 

-i'l**  of  Maligrnin,  vix.,  0,11^^10,  and  C^H,C1,0,,  are  ob- 
>i  t>r  synaptoso  on  the  correspomliuK  ohtoro«alicin. 


fuuo^H 

J 

It 
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1 
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^uKv^  4l«k«k|((>l.  t"*  Methyl'paraozybenxyl  Alcohol,  CgH,«0, 
^\\i     ^    i«*'|»ftf«l   f™ni  auisftldfhyde    (p.  800),  in    the 

"v I  .L..t...i  fv.m,  )t«nxal(lehyde.     It  cry^tallizea  in  fw1orl««. 

i  T  and  Imrntni;  taste  ;  m.'lta  nt  250  c.  (770j 
1    Kt   asiS.Ror.  C4!i7.H'^  K.).     By  oxidiiingj 
.Idi'hvde  and  nnittioaoid  ;  by  hydn>ehlori 
„tI,V*H^ll,).CH,Cl. 
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UNSATURATED    ALCOHOLS    AND    PHENOLS.  885 

VaullUo.  ur  Methyl-protocateobaic   Alcohol,  C.HioOa  ^ 

C,H|    OH  f  obtained  by  thu  action  of  sodium-am&lgftm  on  an  aqueona 

^CHj.OH 

solution  or  VAiiilliu  (7.  r.*.),  fnruLH  (MtliirloiiH  primiiAtui  nrvstaln,  molting  at 
1030-1050  0.  (217.*^i-221'^  F.>,  wluUiv  ill  waU-r  ami  in'nlroiiul. 

Plperonylio,    or    Methece-protooateohtilc    Alcohol,    C|H|,0,  ^ 

CgH..-<*^  '    ',  obtained   in   like  manner   from  uiporonal  (y.  p.),  forms 

^CHpH 
long  colorU-wa  prisms,  melting  at  57°  C.  (134.6°  F.),  sparingly  twlablo  in 
cold,  more  ua^ily  in  bot  water,  very  Auluble  in  alcohol. 


A  triatomio  alcohol  callod  Stycertn,  or  Phenyl- glycerliit 
C,II„03  =  CjU5.CHCOH).t'H(<>H).('H,nl|.  r..rii..-d  by  htrUin-:  lUv  .um- 
»p<miling  dibmuibydrin,  tVli.CUUr.t'llllr.liLOU,  with  wnt»>r  to  lOD'-'  for 
24  liourii.  ia  a  liglit  yi-iluw  gummy  may»,  4>aaily  soluble  in  water  and  in 
aluobul.  The  tiihromJtiftirin,  oiilaiiitMl  by  direct  oumbiiiatioD  of  bromino 
with  Htvrvl  ulcoliul,  tomiA  {rt^k  colorlesH  Hhining  plalcH  ur  slmuler  ni'ttlle-S, 
mi'Uing  at  740  c.  (165.20  p.).  The  tribromhydrin,  C,H,Br, -=  C,ll|. 
CIIHr.(_'[IHr.Cn,nr,  obtaintnl  hy  treAtinj;  the  dibromhydrin  witb  t-xoess  of 
conL><>ntratiNl  hydnfbromlc  acid,  furms  shining  needlfs  mt'lling  at  124^  C. 
(255.ao  K.). 


2.  UnoATURATKn  Alcohcls  and  Pukmoli  : 

Cinnyl  Alcohol,  Styryl  Alcohol,  <>r  Styrone,  r,H,aO=C,n,OH,  or 
C,Uj(*M  t'll.L'lljOU,  iri  ulaniufil  by  boating  slyrniiu  or  cinnyl  ciniiamatu, 
C,IIg(OC,H^O)  (a  e<»m|muiid  coutainvd  in  liijuid  Htorux  and  iu  ItaUttm  of 
Peru),  witb  cauntic  ullcAUtr!^.  It  crystallizes  in  Bofi  nilky  ncedb-s,  having 
a  Bwoct  taste  and  an  iMb>r  of  hyacintliH,  meltiug  at  'd'6^  (.'.  (yi.4-  F.)»  and 
vnlatilUing,  witbout  drLoiupositinn,  at  a  bigbiT  It-mpiTaturv.  Il  is  mtxle- 
ralely  soliibb*  in  water,  frt^^ly  in  alcohol  and  tether.  By  oxidizing  agt'iits 
it  is  c<>nv4>rtetl  into  oinnamic  atdtihyde,  CyII/\  ami  ciitnamio 
a(!id,  CjH^O^,  itotng  related  to  thosr  eoniponmls  in  llie  aaiiie  manner  aa 
f'thyl  alwbol  to  ac-otio  aldehyde  and  aoi'iic  acid.  With  j'uminy  »nl^ik%irie 
nrid  it  forms  a  Bulpho-acid,  C.H^SOj,  tlie  barium-salt  of  which  is  ttohiblo 
in  water.  It  unites  directly  with  2  atoiuii  of  bromine,  forming  atyccrto 
dibromliydrin,  CjH^Br^O,  deauribed  abovt", 

Allyl  Phenol,  or  Anol.  r„H,(,0  =  r^n^(0H)(CjH4).  formed  by  fusing 
aniftaldeliyde  (p.  89i>)  with  poUuth,  c'rystallixi*H  in  shining  lamiuie,  melt- 
ing at  92^^  C.  (197.t;c  F.)*  ^^^  decomposing  when  diatilled. 

Methyl-aUyl   Phenol,  Anethol,   or  AnUa-campbor,   C,qHi,0  s 

*"ii"(t*J''lKj(l'jHt,),  »«  a  ctu]Htilii<>iil  4if  the  vi>Iatil«  »»iU  of  ani»te,  fennel, 
anil  tarragon,  and  8<*p.'irat4*s  therL'frnin  tm  ci^iling  in  «iift  shining  scaletf, 
melting  at  2(>0  C.  (iJSO  p.),  and  N)itiiig  at  2250  C.  (437©  P.).  By  oxi'la- 
tion  witb  chromic  aoid,  it  is  resolred  into  acetic  and  anisic  acids.  On 
ating  it  with  hydriodio  acid,  thu  mothyl  group  is  separated,  and  the 
bwomea  re^iiiisod. 


lion  ^ 
B^ati 


Engenol,  <^mll,jO,  =  r,n,(()H)(OCHO<r,H4),  {F.ufftmr,  or  Can^phfffie 
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in  oil  of  plm#nto  (fHwn  ifyrfw  pimento},  unl  a  Uw  oUit!r  rc4»tSI* 

uiky  l«*  ol»UJn*?a  ihtTHfroiu  by  iioluUoii  in  poUtHla.  Ultnituai,  «d4 
ktiun  ty  cartw>nic  »cul.  It  U  a  oi»t<irlr««,  arornaitie  liuuUl,  of 
.1)771*  hi  (K..  boiling  at  '^47,5'^  C.  (477.&0  |?.),  fc.i.iMi.  in  iiImhAt 
iloride  oolorn    the   iiolutlon  blaif.      Kn  '     '  . 

iri«off  BU'lhvl    itNli<ln.      Uv  (uKinn  v- 

Kiii:  Ivtf   in   soda-ljre,    fonuln^    Hodiutu 

<i>\»>(*H,»^;,  Mhith  i*  eonvvrU<a  l.y  iu.rihjrl  iodUl«i   inu»  oivlhyl- 
C-»i,(iyU)(«MH,)„    uliith.    b/   uxulation    with    rhmuac    acM 
yiridi  ilinn»thyI-prMtwat»Thuip  aciJ.  *'«H»(0<.*H^,.CO,U.      In  like 
AMfbmiod  cthyl-4^>ugcnol,  propyl-rugrnol,  etc, 

Coniforyl  alcohol  C,oH,/>,«=(;Hj«)H)(()rHj).C,H,OH,  is  in 
tha  «li'Loin|»>>«Uion   III  LitnifKnu    (»*m?  (?t.L*tO(sii>io()    uiiHr^r   ttiti   {hflut 
"  mUlu.    It  ct-,V!itnUU4tt  iu  wdorU^s  prtiitiu'i,  uioltm^  at  74''— 7r»-3  C.  0 
K.)  ;   ix  iniMtluhle  iu  onlil  water,  ^lipbtly  sol)ih|t>   in    h«tt  water. 
til  Hllicr  aiid  in  alkali**.     Dilutir  a4<i<l<i  t^tnvcrt  it  int<t  a  rcsiunuA 
riilff.     ^y  uxiilaiiou  with  ohroiuic  a<-ii:l  uiixluru  it  yi«>)«U  vanillin  (p. 

CholAstaxin,  ^m'^4'^<  "  pnHiuot  of  the  animal  rtrganUm,  im 
with  ciiiiiyl  abultul,  nud  lioa  the  oharactviv  of  a  uiiiiiat<»trao  aK-v^hoI 
Ibunrl  in  small  quantity  in  various  parts  of  the  aniiual  ftvst*'ii> 
bile,  thtt  brain  and  n(*rr)-«,  and  the  IiIikmI  :  it  fnnii»  iIil-  I'liirf  in. 
&<Vi'iry  ni/ru/i,  from  which  it  is   t'ttKiIy  oxtraottnl   by  boiling  ihc  piiuJirt^ 
gatl-stiuu>!i  in  Htmn};  alcohol,  and  filtering  thi>  Milutiim  wlijlr  hot ;  ivn  mol- 
ing, lht>  chn|i>.Ht4'rtn  cryKtiillixc«  in  brilliant  colnrlf.s^  plat^«.      fi  ''     - 
aubfttance,  intiolublc  iu  wntcr,  to^tcltw,  nnd  intHlorftus  ;    it  in  Tn 
in    boiling  alcohol    and  in  «*tli«r,  aIhu  in  chlon>r<irui,  aud  crvst,) 
the  atooholie  sf>lution  in  Iwautiful  wbito  tmuinfc'  having  a  ni^tl 
lujdr*..    It  melta  at  1370C.  (273. tJOF.),  au'l  sublimes  at  2(H»o  C. 
On  orldinj;  a  solution  of  chuKvitt.<nn  iu  rlilomform  to  strong  sulphuria 
till*  rhloroform  biHX*mott  purplu-reil,  whil«  ihc  sulphuric  acid   liclow 
111  hi  tt)  a  Krtri*nii(h-yt*Unw  fluorricuucc  :  the  r*^lchli»niff»rm  stilutioneva 
iu  a  [Mirci'Iain  caiiAuh*  turns  blue,  green,  and  finally  yrnnw. 

flLtatud  with  iitron^  sulphurio  add,  it  gives  up  ualcr,  and  yii-Ids 
noufl  hydrocarUin,  C-H„.  With  nilrio  acid  it  yields  chJlLtsttric  nti'l, 
^•s'^o^»»  togyth«r  with  otht'r  priKlucls,  With  chlorine  and  bromiur  it 
fnrni*  KuUtltution-prodiiL'ta.  Heatod  to  a>0O  C.  {392c  p.)  with  acrtic. 
bmyric,  benzoic,  and  stearic  aci.la,  it  forma  compound  ethers.  Thir  atyiafr 
and  «/«im;<.  cryatallizes  in  m"Mh^,  th*-  former  melting  at  1*20  C.  (IRi.ti^ 
F.),  thn  l.-ittitr  nl  2iH)0  {'.  <;i02O  K.).  The  hensonte  forma  thick  priama,  iwlt- 
iuij  M  lj:)0_i;uiO  ('.  (2:»70u-2.J(IO  y,),  with  I'CIj,,  or  strong  brdrotihlorie 
acid,  it  yifldM  the  cKloridr,  C.,ll„(n,  which  cryataUiii.*  in  uc^-dles,  and  \» 
oonvorled  b/  anuuouia  into  MeMeramint,  C^gH^j.MI,.  ^^ 

taooholestorln,  ^mH^iO,  ocrnrs,  Utgidhor  with  choletttorin.  la^H 
frrt^ABn  ofshcopN  wool,  and  inny  l>e  wparftt*'d  by  Kft[Mjnifyiup  Iht?  fat,  KmiP 
ing  thtt  mixturri  of  choK'^ttfrin  and  i»o«hol4Mterin  thus  obtained  with  h(,<n- 
aolo  acid,  wh»?rf*by  thi*y  arc  oonn-rtiKi  into  Wnzoio  dhfra,  and  cr.v»lnlUziut; 
thcBP  rom|)ounda  from  ronimon  ctlipr,  tliP  ch»»IcNtcryl  b»«n«oate  »«*parating 
in  thick  tahnliir  cryntalR,  the  bncholcstcr^-l  bi-nxoato  in  slender  needh-s. 
and  from  the  Ult*?r  the  iHtx;ho1esteriu  roay  In*  obtained  by  heating  with 
ahN^diidic  potftRh.  It  crystnllijHii  from  ether  or  acetone  in  slender  nee<ll*«, 
melting  At  1370^1380 C.  (278.tS^2y0.2OF.).  It  doe»  not  give  anyi«ilor  n- 
atdinn  wHh  ohb»r<iform  and  sulphuric  add,  but  iu  other  rospirt^i  it  rracU 
liko  ohoieiterin.     Its  benzoic  ether  melts  at  19l)^li»l^<-'-  (374C^7fi.tP 
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AROMATIC  ALDBHTDES. 

1.     ALDBHTUCa    AXAUJOOUH    TO    MuSATOMlC    ACIDS. 

Four  ald*'liy<l*'S  nn*  kinmn,  U'loiigitig  to  Uie  lerfe*  f_Hj_  ^O,  aujUogoua 


Bvnzoio  Aldehyde, 
Tultiio  AldtihvdM, 
Cnmic  Aldohydu, 
Sycocerylio  AldeLydc, 


Tliese  nldehydfA  exhibit  the  samp  gent'^rat  rf'Jictintui  aa  those  of  the  fattjr 
Msricflf  aiid  aru  oblaiiiv<l  by  similar  pnici-ssi'b. 

Bensolo  Aldehyde,  Benxaldehyde.  or  Bltter-al* 
moad  oil,  C,!!,**  =  r.Ug.CHo  =  C.Uj^k.U,  is  ]irodu(.-»Ml — 1.  By  th« 
uxidatioij  ui  U-iuyl  alooliul.  2.  By  tlie  ucliou  uf  luuuvut  hydruguu  ou 
uliluridd  or  cyjuiiJu  of  Lvuiyl : 

r,ii,.co(;i   +   n^   =   nci   +   c.Hj.cho. 

3.  By  heating  iK'nin!  ohloride.  r.nj.rncij,  with  wttl*-r  to  1300.1400  C. 
(•iiii(0-2H4C>  F.).  4.  By  hi'ating  beuiyl  chloride.  rgll^.CII/^l,  with  an 
nqii<.'«}U9  ifoluttim  of  luad  nitrate.  5.  By  thv  oxidation  {if  aniygilaliii  with 
nitric  aci<l.  H.  Hy  diffif>ling  biUt»r  almonds  with  water  for  tiv«  or  nix 
hoiirft  at  3ilo_4(>o  c.  (8(p-104O  K.)*  Th«  Hynaplaa<!  prcaont  Ihon  acta  as 
a  ffruMiiit  ou  the  aiiiygdalin,  convL>rtii)>;  it  iiitf>  glui.-oae,  beuxoic  aldtdiydv, 
and  hydrocyanic  acid  (st'c  GLPC08ii>Et<), 

7.  Bcnaoit)  nMcltydo  i»  formi.il,  tttgflher  with  many  other  produnta,  by 
t1iM  action  of  n  mixtiirff  of  manganese  dioxide  and  aulphurio  Atikl  on  albu- 
iidn,  tilirin.  casfin,  amt  gelatin. 

Pure  iHMizoic  aldehyde  in  a  thin,  colorlens  liquid,  of  great  refracttva 
powiT,  and  pi'rnliftr,  vi^ry  agnfable  odor;  its  difimitv  i«  UViO  at  IfiO  C. 
(.'({to  K.),  and  it*  l»oiling  indut  160O(.'.  (:i5(;o  K.) :  it  is  soltiblo  in  alwut  30 
pnrtK  of  water,  and  niiscilile  in  all  proportion:)  with  alcohol  and  other. 
Kxt»osivl  to  the  air,  it  rapiflly  alist)rl»s  oxyp<*n,  an<I  is  conviTte*!  into  crys- 
tallized hi'iirojc  arid.  Heated  with  solid  jmUtsmna  htfHrnruif,  it  gives  off 
hydp'jji-n,  and  yields  i>ota»Mium  ltt'nznaU.>.  With  tUa  ulititinf  bisu/phitr$  it 
fnrniH  Ix-autifnl  crystalline*  eoniixniniis.  The  va[if>r  uf  the  oil  is  inAam- 
uinhte,  and  burns  with  a  bright  llaiue  and  much  vmoke. 

Mrnzoii^  aldehyde,  tri*ated  with  nofUum  amoit/nm,  in  converted  into  benzyl 
al<H)hol,  (',1!,0.     With  pftosjihorus  pentachhride  it  yields  benzal  chloride, 


C^Hj.CHO     +     PClft    = 


H-    C^Hj.CHCl, 


Ammiynin  wrnvMrts  it  into  by  d  roben  zami  de,  a  white  cryatnlline 
nentral  l»ody,  which,  when  iKiiled  with  aqneonn  ptttaHh,  ia  converted  into 
an  isomeric  basic  unmjHnind  called  a  m  a  r  i  n  e  : 

3C,H,0     4-     2N»,    »     (C,n,),N,     H-     3H,0 

All  the  aromatic  aldehydes  act  with  ammonia  in   a  similar  manner,  and 
are  thereby  distingijishe<l  from  the  fatty  ahUdiydiw. 

Amarine  and  bydroberifamidf  yield  by  dry  distillation  an  inomerio  base, 
r„Hn,N„  callo*!  Inphine,  which  cryMalUaea  in  long,  sparingly  soluble 
needles,  melting  at  2900  C.  (5r)40  F.),  and  unites  with  acifia,  forming 
crystalline  salts. 
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Tolnic    Aldehyde,   C.H.O  =  C,n»<Jc^Jj   (1  :  4>.  ti  pro 

\ty  ilbitilliiiK  A  mixtun<  ot  the  calcium-fialts  of /Kf/-«i-toluitr  and  lbnai«  i 
Thu  oiljr  dintillttU'  uikntatcd  with  aoid  sodium  »ulphilc,  fortns  a  crr^ti 
vompound,  which,  whuu  distilled  with  sodium  L-arlmiiatv.  yielvlA  tbo 
hyde,  as  an  oil  having  a  peppery  odor,  aud  bwiliiig  at  SfHC  f.  (.399.31 
Ou  uKpusiiru  to  ihu  air,  it  i»  graduiilly  cunvirt<^  into  par»-tolaii* 
C^ll^O,.  With  al(X>holic  potash  it  furum  i>otas:iiuiu  parA-tuluate  m^_ 
xylyl  alcohol  : 

2r,H,0     4-     KOU     =     C.II,KO,     +     C.H^O  . 

CuinJo  Aldehyde,  tVW^  ■=  ^V»*<rlS  ^^  =  **>•  ^^^^ 
ptther  with  ryincnHi,  ('mlluT  ***  *'"^  essential  oil  of  cumin,  and  In  th 
waU!r-hL>iul<K.'k  H'iaira  rirosii),  aud  may  Iw  ohtnined  by  agitating  «lh 
theatj  oiU  with  acid  sodium  ttulphiU*,  whhOi  takiis  up  tb«>  etimit;  aid 
but  not  the  cymune,  and  farms  a  crystallino  coiD|HJund,  from  whi«li 
aldehyde  may  be  separate*!  by  distillatiun  with  iKitANli,  Ciimio  aide 
is  a  colnrlrflH  nr  Hli}£htly  yelluw  liquid  li&rinK  a  jtowcrful  odor,  and 
at  Xi7^  C.  (458.GO  K.).  Il  is  easily  oxidized  in  the  air,  «<»  that  it  mtu 
distill<j<l  in  a  current  of  carUmic  arid  unH.  It  is  convert^il  into  ci 
tw.Ul,  ^lo^ijO,,  by  oxidation,  aiid  hy  aluoUoUo  potaahintopolastiiunt  cu 
and  cymyl  nl(^>hol,  C,,H„0. 

Byoooerylio  Aldehyde,  r,JT„0,  is  prodoced  in  tiiin  prisms  li^ 

dizing  sycoo4.Tyi  alcohol  with  aq.ueous  chromic  acid. 


Clnammlc  Aldehyde,  C^H^o.^Thls    compound,  which   is  the    ( 
kuiiuii  nM'iiihrr  of  thi-  rttTJt'rt  cf  flldt'Iiydi's  C^lljp_,p<),  conatitutM«   the 
s«ntinl   part  of  the    volatile  uiU  of  cinnamon  and  ciusin,  whioh   are 
taine<l   fruiu   the   bark  of  different    tree«  of  the  genus  Ciiinam4>mumf  or 
/jauntrtw — vin.,  oil  of  cinnamon  from  Ceylon  L-innamon,  and  oil  uf  uai 
from  Cliintjsu  cinnamon.     The  aldehyde  uiuy  be  suparal(*d  from  these 
by  means  of  acid    potnH»ium    tiulphite.      It  in  productsl  artitiviallv  by 
dalion  ofstyryl  alcuhnl ;  hy  dry  disllUatiou  of  amixture  of  cinnauat^t 
formate  of  calcium,   and    by  saturating   a   mixture  of   bnnaaldebyde 
acetaldobyilu  with  bydri>ehlurio  add: 

CgHj.cHo  H-   cii,.ciio  =   H,o  -f   c.nj.cn-CH.coH . 

This  last  reaction  is  analogous  to  thp  formation  of  crotonio  aldehyde 
«ondensation  of  acelnldehyde  (p.  ti73). 

Cinnamio   aldehyrlo  is  a  colorless  oil,  rather  heavier  than  water, 
may  Iw  distilled  without  altt.-ratiou  in  a  varuum,  or  with  dp-aerat4.>d  wat4 
but   alsorlw   oxygen    quickly  on  exposure  to  the  air.  and  pasfl<>«  into  o1 
namic  aoid.     When    fused  with  potaiih,  it  forms   pnta«)»ium   cinnamal 
and  gives  off  hydrogen  :  r,H/)  +  K<»H  =  r,H,KO,  +  U,.     Ammonia 


couvcrlu  it  into  hydrociuuami<lo :  3C,ll,l)  -|-  2NH,  =  (C,H^,N,  +  3H,< 


2.    AMIKHTUKS    ASAI>OOOCa    TO    mATOMIC    AltD    HOSORASIC    ACIDS. 

Salicylic  Aldehyde,  or  Sallcylal.  CT,H,0,  ^  ^\^t<^^io 
OxjfbcHxnldehtfdt^  formvrly  called  Salicyiova  Aeitt, — This  componud  coon 
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in  herhauroua  Spineos,  eapt'eially  in  the  flowers  of  meadow-ftwtiet  {Svinta 
ultrntriii).  It  is  foruitKl  artilluiall^'  1>/ uxulixiug  8angemii,C,H4(OH).CH,OU 
(p.  884),  or  ita  gluco«ides.  salicin  and  populin  (st-e  Gll'cohii>ks),  nml,  lo- 
getbttr  with  the  i»ouii*riu  para-ooinpoiLud,  by  tUv  uction  of  chloroform  ou 
mn  alkalint*  solution  of  phenol : 

CjUjCOU)     4-     CUCl.    +     H,0     «     3HC1     +     C,Ht<OH).ClIO  . 

This  lojtt  reaction  affordiithe  easicat  method  of  preparing  salicylal.  Chlu- 
rofdrm  (3  partH)  ia  gradually  addifd^  with  agitation,  to  a  solution  of  phenol 
(2  parts)  and  s(kHuiu  hydroxide  (4  parOt)  in  tt-?  part«  of  watur  at  50C>- 
6*^-  C.  (1220-141)^'  p.^^  in  a  wnaeX  with  reversed  condiTUser  ;  and  a  quan- 
tity of  watvr  is  addi^d,  sufficient  to  form  (after  heating  to  U«i  C.  [14lP  F.] 
for  half  an  liour)  a  olear  rL-d-Urowii  liquid,  which  in  to  bo  kept  lM)iling 
fur  two  hours,  then  acidulated  and  diistilled.  Salicylal  and  ptieiinl  then 
pass  ort;r,  whito  para-oxylK:iizaldehyde  remninfi  beliind.  The  dl^lillate  is 
shaken  with  ether,  and  tho  ualirylio  aldehyile  is  separaiiKl  fruiu  Ihu  vtbe- 
real  Bolutiou  by  agitation  with  acid  SfHllum  Rulpliite. 

Salieylal  in  a  thtn,  etdorleti}!,  fragrant  oil,  acquiring  a  red  tint  by  expo- 
Bnre  tr)  the  air.  It  has  a  Rpedtic  gravity  of  1.1725  at  IfP  C.  (&y^  K.), 
aoliditiefl  at  — ap  C.  { — to  K.)»  1«»1b  at  19'jO  C.  (384,80  F.)i  ft"^  burn* 
with  a  bright  sinf>ky  flame.  Wati'r  dissolves  a  perceptible  quantity  of 
salicylol,  acquiring  its  fragrant  odor,  and  the  propitrty  (likewise  exhibited 
by  aalicylio  acid)  of  producing  a  deep-violet  color  with  ferric  nalta.  Alco- 
hol and  tithcr  dissolve  it  in  all  propurtiona. 

Salioylal  ia  oxidised  to  salioylio  acid  by  boiling  with  eupric  oxide  in 
alkalinf)  solution,  partly  also  by  potasaiuni  dichroniateand  Hulphurio  acid  ; 
it  likewise  reduotts  silver  oxide.  When  hf-ated  with  pniaAMium  hydrnxide 
it  is  converted  Into  potasslam  salicylate,  with  evolution  of  hydrogen  : 


C,U,0,     4-     KDU 


C,H.KO,    +     U,. 


By  nascent  hydrogen  It  ia  oonrerted  Into  Baligenin,  (^,11^0,;  by  am- 
luunia  into   hydros  alloy  la  mid  v: 


3C,HaO,    -h     2NH, 


311,0     4-     C^H^OjN,  . 


Salicylal  is  attackwl  by  chlorine  and  bromine,  forming  C^H^CIO,  and 
t'-,liyBrU,,  Ijoth  of  which  are  crystalline  bodiej«,  having  aoid  properties. 
With  moderately  strong  nitric  acid  it  forms  n  i  irosalicy  1  al,C^Uj(N(»,)Op 
which  is  alito  cryslaUiiable,  niid  fornu  erystallizable  sails.  With  FCl^,  at 
ordinary  lemperatiires,  nalicybil  form-*  or  I  h  ox  y  ben  z  al  chloride, 
<:,Il4(0il).ClR-l,,  oryslallining  in  prisms,  and  melting  at  82C  C.  (179.(P 
v.);  and  when  heated  wilh  ITl^,  it  yields  or  thocb  loroben  zal 
chloride.  C.n^Cl.CUn,,  a  liqiiirt'  ]>^>iling  nl  2270-23t>^  C:.(440.(JO.44HO 
F.),  and  isomeric  with  paraclilorolieiual  cliloride  fnnu  toluene  (p.  H26). 

Salicylal  dissolves  in  alkalies,  forming  crystalline  compounds,  formerly 
called  saiicjfiitea.  The  fnHasnum  romfiotind,  C(,H|(0K).C1I0,  forms  square 
plates,  easily  soluble  in  water  aiul  in  alcohol,  and  decomposing  quickly 
whi<u  exjMtsed  in  the  moist  slate  to  the  air. 

Methyl-salicylal,    CJI/OCHj).CnO,    obtaineil   by   the  action  of 
mcihyl    iodide  on    polasaium   salieylal,    ia   a   liquid    Iwiling  at  2.1SO  C. 
4t)0.4O  p.).      Ethy  1-salicy  lal ,   prepared  in  like  manner,    buiU  at 
8^C.  C478.4C  F.), 

Acetyl-salicylftl,  C,H8Oj  =  CeFI^(0C,Hj0).rn0,  motamwrio  with 
ooumaric  acid  (7.  p.),  is  formeil  by  the  action  of  acetir  anh,vxlride  on  sodium- 
Mlicvlal     at    ordinarv   lemprratun-s  :     r.H4(ONa).L'HO -|-  (C^i,0),0  » 

Hjb.ONa  -I-  C,H.(0C5H,0).CH0.  The  aoetio  oxide  is  hdde^  to  au  c^uiva- 
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4rj  ctktf,  ukI  after  tbt  vlmU  ksa  ctoucl  for  tw^ttl/fvor  Imn,  Ukii  i 
itsl  Uqatd  b  ftlUrwL  off  frMa  tK«  vutlkiani  Aoe(ja4s  Ui«i  «T*penM^  odtkt 

Ubu'  '.tUuatiuU  Cn^BAloofaiot.     JVcwC<  -  h| 

p«r^  -^  K.>.  biiU*  a4  about  -.2&9^  •  P^ 

4iMi;*  ^.L»^-;  ..^ ,.  ,;.Lioo.     It  foniB  4eAiilt«  «Daip«u».» 

liiwilpliUw      It  b  daoainpoMd  b/  «IoolKilk   poCaalt,   w(lL 
jntiaiiiiM  aortal  11  and  poUasfam-ftallc;  lal : 

C^.(tVi»0)O.CUO  +  2KOU  «  LVI.KO.CUO  +  C,U»KU,  -|-  U^. 

icrtotalicyUt  likifwim  uiiit4«  direcUjr  villa  M«4io  oxidv. 

If  tbip  pCiKiut'l  of  th**  ftctiini  ikf  ju-w^ir  (tici4l«-  <»a  aaiicjUJ,  iasteaid  of  Wu( 
tn*At««l  lu  thf  luAiiAcf  abovu  da»crr*  .ir*«l  iulo  waLmx  aA«r  *  frir 

miniitM*  U>iliu^.  mu  uUjr  U4uid  aJiA  '.«^LUi«n.  *iul  widinni  actteW 

rriunin*  lu  »iilutioti;  &iul  ou  dutilUu^  uti-  •  il  ttrdiiu  aiiait  llitl 

whKli  passed  uvf-r  After  tbtr  tetupvraiar*  hu  r  »^  C  (&MP  V.).  i 

crjr«UUliU»  sutvtAiJce  u  ubtainMl,  bATiug  iht!  •>  ..r  — «.,... /..^^ 

mtuuu  MM  ■o/cch/*  >^  u*ar*r  .•  ibu  «ubfctuio«  u  id<  it 

CDamarin  ur  ouumaric  aulijdruU,*  Uiu  odunferv        .    . 
baa&  (a««  Cockajuc  Agio). 

Paraoacybonsaldehyde,  C,H/OH).CHO  (1:4),  is  prv».Jnc«d 
wUh  s^ilii-ylti'  al'l'-liviif,  bv  Ibe  jicliou  of  chlorufuna  on    phr'tuil  rtruMnlTrf 
ill  t'AuHtk'  iMj(l&  <p.  bb^>),  &ud  aiA.v  be  tixlracl«d  b/  > ; ' 
nvUtup  of  the  dutiUatioo,  and  purifi«i  bv  recr>-:4i . 

It  Airuit  Ktellate  gruiipM  of  alundi-r  D«mdle«  ;  luelts  ai  ....  .  ,.,-  -^  .  ^^.U*.*  — 
24<l.8^  K.):  4ublimt«  without  deoompaeitioa,  disholre*  spAringly  is  onld, 
rnvrr  rroiiiijr  fn  hot  water,  eosil/  iu  alcuhol  and  *'ther.  Ferric  chlori4« 
ntlnrs  tt«  solution  ding/  riolet.  It  forms  easil/  bolable  compotuida  with 
alkaliiiv  bi«utphiic*9». 

Anlaaldebyde    or    Metbyl-paraoxybenaaldehyde.    C«H^< 
C^IIl),  ttMMiuTu-  with  mfttiyl-»Alif\  lal,  in  t<>rtui-fl,  t)>^ftbt.-r  with  juiigjc 
hy  oxidation  ot  ani«ic  alcohol,  r,I[,gO^  in  eoutai't  with   platinnni   hi 
ai»o  hv  the  oxidising  aotiun  of  diluto  nitric  at'id  on  tlit*  rutatile  oiU 
aoiso.  ft*nnt>l,  and  tarrap:on,  whii^h  contain  anethol.  r,oni/>.    Tlit*  pnx] 
of  ihM  oxidation  is  flhakfn  op  with  tho  add  nodium  sulphite,  and  tht* 
Bultiuf;  cryitalline  compound  hi  deopni}w6ed  hy  solniion  of  todium  or 
bonnte. 

AutaaMphTdp  is  a  colorlfss  oil,  baring  an  aromnttc  odor  and  burn 
last*,  a  dt-nsity  of    J. 123  at  15^  C-   (590  p.),  nnd  boiiin^   at  24h<^ 
(478.40F.).     U  is  m?arly  insoluhb*  in  water,  but  solnble  fn  all  pro 
in  .ilcohoL  and  elhi-r.     It  is  convort^i  br  oxidation  Into  anisic  acid, 
by  nasoent  hydrogen  into  ani»ir  aJooliol.  rgH,„Oj;  and  forma  crvi 
i-ompouuds  with  atkaliut*  btKutphit«>e.     Ammmin  (ioni-(>rts  it  into  axilah 
dramid«,   C„H^O,N,.     Ry  altnkfilir  patatJk  it  in  dfH'ompn«t<d  in  the  a 
inanner  as  bvnsoio  aldubyde,  yielding  potassium  anlisate  and  anisic  al 
b<d: 

2r8Hs«\   4-   KOH   «a   Ct,h,kOj   +   c,h^, 
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3.    ALDKHTUBB  AX&tOOOCB  TO  MOXOBA810  AXD  TB1ATOX1C  ACIDS. 

Diozybensaldehyde    or    Protocateohulc    Aldehydo,    C'fU^O,  ^ 

C,H,((->ll>,CHu  (CUO  :  Oil :  OU  :  =  1  :  J  :  4),  producLtl  b/  ihu  action  of 
ohlurufurm  uu  au  alkaline  solntion  of  pyroLatechin  : 

CeH,(OH),    -f     CHCl,    +     H,0    «    C4H,(0H),.CH0    -f-     3Ha ; 

also  by  boiling  dichloropiperonM  with  wnter,  and  by  hentlng  Tanilliu  or 
piporoual  with  dilute  liydrt.K'tilorie  acid  to  20<P  C.  (392^  F.).  Flat  sliin- 
ing  ur,v.stal8,  melting  at  ISO-  C.  (30*JO  F.),  eiusily  tiulublu  in  water.  TU« 
rnqoeons  notuiion  U  oolong  dct^p  gri^-iu  by  ferric  chloride;  by  fusion  with 
potash,  the  aldehyde  is  oonverlud  iiiLo  protovatechuic  acid. 

VaniUin.  CgH,O^HC,H,(OH)(OCH,).CHO,  Metkjil-prtUocatfehuic  Aldti- 
ky(U,  is  ih'*  (xlorift^roaa  principle  of  vanilla  (the  fruit  of  I'am'Ua  Qr»matuyi), 
ID  which  it  exiifttt  to  the  amount  of  about  'J  pi-rct'-ut.  It  i^  produced  artiti- 
oially  from  conifurin,  C^II^O^,  a  j^liicosido  occ-urriug  in  the  conibial 
Secretion  of  all  C(inif«ruu8  plants,  by  oxidation  with  chromic  acid  mixture; 
ta  the  coniferin  may  b<_'  resolved  by  Iwiliug  with  dilute  aoi(bi,  or  by  theao* 
tioD  of  emulsin,  into  gluoi»i)e  and  oonifer^L  alcohol  (p.  86tj) : 

C„H„0,    H-     U.O     =     C.H„().     -f     C«H„0,. 

mnd  the  coniferyl  aloohol  oxidised  by  ehromio  ncid  mixture.  Vanillin  is 
aUo  prcxlncpd  (Himilarly  to  protocataohuio  ald<;hyde)  by  the  acliun  of 
obloroform  on  an  alkaline  solution  of  gu&iaool  (methyl  pyrucalechin^  p. 
490), 

Vanillin  crystallizes  in  attidlate  groups  of  oolorluss  no<-^li!«,  melts  at  800u 
81<^  0.  (ITO^^-ITT.hO  K.),  and  sublimes  when  cautiously  heated  ;  dis^jolvos 
sparingly  in  e«>ld,  more  freoly  in  hot  wat«*r,  easily  in  ab-ohol  and  ether. 
It  forms*  eryrttalline  comjmnnds  with  bases.  When  boiled  with  diluUi  hy- 
driMjljloric  auld,  it  ia  rt'solved  into  mnthyl  chloride  and  protivatechuic 
ablnhyde  ;  and  when  fused  with  potfiati,  it  is  conTert^.^!,  by  oxidation  of 
thM  atdt>hyde-group  CllO,  and  separatitm  of  the  methyl-group  into  protA- 
c.ilixliuio  acid.  Bromine  converla  it  into  hromov  an  i  11  in  ,  CJI^BrO,, 
which  crystalliztMi  in  ycUowiah  lamina  melting  at  \^\0  C.  (321.8'-'  V.). 

Dimethyl-protocatechuic  Aldehyde,  or  MethTl-vanlllln, 
C,U,(OCH^,.CnO,  and  Kth  vl-mothy  l-protoca  techni'e  Aldehyde, 
or  Kthyl-Tanillin,  C,H,(0('Hj)(OC,Hj).CHO,  are  formed  by  the  action 
of  mothyl  io'lide  or  ethyl  iixlidu  on  potasKlum-vanillin.  Kotli  crvt^tallizo 
in  colorli'ss  priunut,  slightly  Holuble  in  cold  wat^^r.  8omt*B'hat  nw>rp  pajilv 
in  alcohol  and  ether.  Thw  former  melts  at  160u2(P  C.  (ftltOMJtIO  F.),  and 
lx>il!i  at  28.00  C.  (S450  F.)  ;  the  latter  melts  at  64P-660  C.  <  147.30-1 4i*o 
F.),  and  easily  sublimes. 

Flperonal,  C.II,0,  «  CII,<qJ>C,H^— CHO,  Methene-prtitocntechme  AU 

dehtide^  U  obtained  by  distilling  a  dilute  solulinn  nf  pntaasium  piperata 
with  potassium  pHrmanganate,  and  agitating  the  dlstillnte  with  ether.  It 
forma  long,  polnrU-ss,  shining  crystals,  having  a  very  plcnsant  o«ior  :  me-lta 
at  :i70  C.  (9H.G0  F.).  boils  at  2fl30  C.  (506.40  F.)  ;  disRolv-i  sparingly  in 
oold,  mom  freely  in  hot  watnr,  eaaily  in  alcohol  and  nth^r  ;  unites  with 
acid  sulphites  of  alkali-metal.  H^aUni  with  3  mol.  PCI,,,  it  yiidds  liquid 
dichloropiperonal  chloride,  C,H(C1,0„  which  is  resolved  "by  cold  water  into 

liydroohlorio  acid  and  dichloropiperonal,  C^H^ajO,  «  CC1,<;[^>C,H3— 

CHO,  and  by  boiling  with  watcrr  into  (X),  and  protocatechuic  aldehyde. 
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4.   tu)um>«t  A9huaooKn  yn  bkbasIO  At3M. 


Aldehyde,  (•."♦0,=  . 

-  wUutUkii 

tie  UbliM,  inxlu  At  •  •<  wh««n 

■parin^ljr  in  oAA,  ni  tioiliug    w_. 

»th«r. 


TervphtbAllc  Aldehyde  n  :  4)  U  forrnnd    I". 

tollvl"it-  <'Iil-tri.i«t  ft».  yl'^)  wiilt  WAl't  (il»  pKrU>  «t.  .  ! 

unJ  <VvhlAiri»*-B    in  slender  ii«x>ll*a,  tu«ili'ng 
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pftm-emnj ly  snlnWc  In  ctbisr.     i.  

with  ftcM  BuUiuu  aulphiUf. 
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KETONES. 


Th*!  MOaUtie  ki»tnn«  nujr  contain  either  two  aromAtio  *leobAl-r»did« 
(phvnvl  Mill  i\s  hoiiji)k>gurg),  or  one  &n*tuAtic  mdielo  and  on«  aIodIwI- 
r.t^liolf  (methji.  rU.)  brlongring  to  the  fattv  Boriep.  The  lattirr  only  vUl 
be  noticuil  ID  this  plac**,  ihtt  former  in  connection  with  the  djpb«nyl-<iiM- 
pouudti. 

Phenyl-methyl  Ketone  or  Aoetophanone,  r^TTj.co.CH,,  is  fonnM 
by  (iHtiiling  a  mixtiirf  of  lw.*nznAt<  ftuJ  acftate  of  calcium,  or  hy  the  actum 
of  xiiK'-iiiflliyl  on  IxMiZMvl  cbluride: 

2(C,H,.C0.C1)     -I-     Z«(CH^,    a.    ZnCl,    +     2<C,n4.CO,CU^ , 

It  aTyatAlUses  In  large  luniiis  melting  at  140  C.  (57.1P  F.),  U  connTt«d 
by  naaoent  hydrogen  into  ]>lienyl-«th>l  alcohol  (p.  6S2),  and  rcsvlred  k^ 
oxidation  with  ohromio  aoid  into  benxoio  acid  and  carbon  dioxiilo. 

Phenyl-ethyl  Ketone  or  Propiopbenone,  C^Hg.CO.C^H,,  from 

t»>.it*>  and  prupiouatt*  o(  calciuiu,  ami   by  the  Aotitiii  of  siuc-cthW  on  bol 
soyl  chluri.le,  is  a  liiiiiid  which  btula  at  20b^2U>o  C.  (4lh;.4CL410O  p.)^  » 
cnvcrttHl  by  noficcnt  hydrogen  into  secondary  phenyl -propyl  alcohol,  and 
rt'solve<i  by  chromic  acid  into  benzoic  and  ac**tii'  ncids. 

Phenyl-propyl  Ketone  mid  Phenyl-leopropyl  Ketone,  f^n,.00. 
C,U,,  Aftf  formed  by  di>)tiUiug  a  tnixttiruur  ciicium  twiuuat**  and  bulyrat^rj 
or  i(W»butyrate  r.^poclively.     Thn  former  boils  at  2200-2220  C.   (^ 
431. h*o  F.>,  and  is  yxidized  by  chromic  add  to  benioic  and  proj.ionio  acids , 
tht'  lattiT  boils  at  2150  C.  (41I><:^  F.),  and  is  oxidised  by  chromic  add  %9\ 
benzoic,  acetic,  and  carbonic  acids. 

Bensjl-methyl  Ketone,  C,H5.CH,.C0.rn„  formed  by  distlHatlon  of 
alphatolu&to  (phenyl-uoetate)  and  M"^*1ate  of  caloium,  and  by  iho  action 
of  xiuo-mt^thyl  on  alpbatoloio  chloride,  boils  at  2140-216C'  c.  (417.2C^] 
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420.BO  F.)>  tmitefl  with  add  ttodium  Bulphite.  and  la  oxidized  hj  cliromio 
juid  to  buuzoio  and  acotio  acids, 

Benxyl-ethyl  Ketone,r,Hf.CH3.CO.C,H(,  from  alphatolnic  chloride 
I  with  Kiiic-eth^l,  boils  at  25(P  C.  (438.80  F.),  "d  b  oxidlied  bj  chromic 
I        acid  to  beuzoic  aud  propiouic  acida. 

I 

P  These  acids,  which  boar  the  aame  rplation  to  tho  hydrocarbons  homolo- 

goui*  with  bt^nzoae  Uiat  th«  fatty  acida,  C\1I„0„  War  to  th«  paraffins, 
C„ll2.+,,  KTii  prixliiced  by  ruactioiui  analogoua  lu  sumo  of  thuae  wUioh  yiuld 
ih»  ffttly  acidH,  v'n,  : 

1.  By  oxidation  of  the  corr*7isponding  aldohydcfi  and  aloohola :  thus 
bensoic  aoid,  C,HgO,  or  C,H^.COi)l],  is  formed  by  oxidaiiuu  of  buuzaldu- 
hyde,  C,Hs.COa.  and  of  b,-myl  alc«)bol,  CjHj.CHjOH. 

2.  By  the  action  of  water  on  the  corresponding  acid  chlonVUts. 

3.  By  the  action  of  acids  or  alknlioi  at  ttiu  boUiog  heat  uu  thu  uroiaatiQ 
lUtrilit  (cyanides  of  phenyl  and  its  homologaea,  p.  828)  : 


Pheoyl  cyanide. 


2H,0     =     NU. 


+     C«H,.CO,H 
Benzulo  leid. 


Benzoic  add  and  its  homolognes  are  likewise  obtainod  by  the  following 
proc<?«sr8  : 

4.  By  the  action  of  sodium  and  carbon  dioxide  on  tho  monobrominatsd, 
derivatives  of  btinzcue  aud  its  homologues  ;  e.  ^., 


Bromobrnzeoe. 

No,     +     CO,    s=     NoBr    -f     C.IIj.CO^Na 

Sodium  b«nzoAte. 

C.II^Br.CH,     + 

Bromotvlueuc. 

Na,    +     CO,    =    NaBr    4-     C,H,(CH,).CO,Na 

StMUum  ioluatu. 

5.  By  oxidation  of  the  hydrocarbons  homologous  with  benzene  by  moans 
of  cliromio  acid  mixture  or  dilate  nitric  acid,  By  chromic  acid  the  lat<*ral 
chains,  CH,,  CHj-CH,,  etc.,  are  at  oncw  oxidized  to  CO,H  ;  and  the  hydro- 
carlwns  which  contain  only  one  lati^ral  chain,  CgHj.CH,,  C^H^.C-jlI,,  eto., 
are  all  oxidized  to  b(<nzoic  acid,  whil^*  thotte  which  contain  two  latora) 
chains  are  oonverted  into  acids  containing  two  carboxyl-groups  (di-carbon 
acid:4),  the  xylenes,  <-'«U,(*-'Hi)it  fof  example,  into  pbthalic  acids, 
QH/COjH),.  With  dilute  nitric  acid,  on  the  other  hand,  inonooarbon 
arid«  lire  produced,  at  IcubI  In  the  fintt  instance,  the  xj'lenes,  for  exnm- 
pl(T,  yielding  t4iluic  ncidtt,  Cgnj(<MIj).COjH. 

For  oxidation  with  chromic  acid,  40  grams  of  pntajwium  dichromato  ar« 
mixed  with  37  grams  of  strong  sulphuric  acid  dilated  with  2  to  3  vol, 
water  ;  to  this  mixture  10-20  parts  of  the  hydrocarlKin  are  added,  and 
thri  whole  is  boiled  for  snmn  time  in  a  flask  provid<*d  with  a  long  iipright 
condensing  tubo,  till  all  the  chromic  acid  is  reduced  and  the  solntion  haa 
acquired  a  pure  green  color.  The  product  is  then  dilut)*d  with  water, 
IwlJed  with  solution  of  sodium  carl>onate,  and  tho  organic  acid  is  prcd- 
pltftt<'d  frnni  the  filtrate  by  hydrocliloric  arid. 

tWith  tlie  proportions  above  mentioned  the  reaction  takes  place  accord- 
l  tn  the  equation  : 
Cr.aK,  +  4S0tH,  B  (80.),Cr,  +  SO^K,  -f-  ^^0  +  0, , 
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thi'  UiriM>  nioiTM  of  oxygtm  thiu  Ubaiatod  aen^a^  for  to'  oxid 

'  K'T    oxlilutinn    «it>>     nitric    fcrf<I,   th*    l»y^r.^«^»-, 

thr«'«'  lUvi  with  hHJ   dili.- 

fljuk  Willi  A  Volti  iuIm<.       To 


™ 


tlittMuWt^  111  t 
tt.    By  lu 


«h«<rt*l>v  t)it>  nitrc*-a(-»ilB  Kfvoitiirer' 


>sitiia  fann«t« : 


'.".<S'!;ii 


+    nco,H    «     80,H,     + 


Toluenr-iinlphOBlo 
acid. 

BtttphebvuAte  Mid. 


SOA     + 


Toliue  mtUL 
Fhth«]le«cM. 


Tho  nromAtlo  adds  occur,  eiihvr  tree  or  eoalaxufd, 
IwImuui  iitid  in  tho  anininl  orgKoism. 


in 


man  7  r 


l.y  the  timt  fmir  of  tlj*.  p»'nt-r*l  tn^xboJ^H 
bippurio  acid  (bcaao.vi-glycoeine)  or  ih^Sl 


Fig.  ir«L 


Benaolo  Add.  ^,11,0, 

lipiuyl  utroliitl,  i.H  priMluuHl 

moiilltjiiiMl,  And  by  boiling  bi 

t)f  cowa  or  Uur6««,  which  iiunlaiim  Uiat  acid,  with  8troxi|^  hj'drc'elilonc  «ci4 

CII,(N'll.r,H,O).C0,H  4-  H,0  -  CIL(NH,).CO,H  +  CMJ\i 
Ueuzuyl'glyoufllDC.  Qlycoclne.  Bc'tiiolc 

Tliii  proci"iiR  is  ftpplittl   to   the  prr])arAlion  of  ht*i]zoic   acid   on   tho' 

acjklu.  Bvusoio  ftcid  ia  also  produced  by  the  oxiilation  of  a  gn:at  rarirt 
of  or^.•lnio  hodit«,  as  toluene,  cuui^ne,  dnauxd 
Aldt'hydu,  cmnaiuie  acid,  ciniiauiuue,  caa<:iii,  erlt 
tin,  «"tc. 

I^inznir  ncid  c^xists  ready -formed  in  seroral  bal 
wvms  and  gum-rfsiua.  csix-tTially  in  gnm-bonwin 
which  (;xudt»  from  the  Imrk  of  St^ai  hmxnm,  \ 
tri'c  growing  in  Sumatrn,  Java,  Borui^,  and  Hiatn 
From  thi»  suWiaiicv  (ho  benzoic  acid  majr  b»  ex 
trartcd  by  »nbliniRtion  in  an  iron  pan  (fig.  17B)] 
having  a  sheet  of  bibalous  pniwr  pitTcwi  with  ptn 
hoU'H  stretched  over  its  uioulh,  and  covert  with  I 
cap  of  Btoiit  paper.  A  mon*  prrHliictive  mcUicd  il 
to  boil  the  puwiltTod  benzoin  with  slolced  limr  and 
water,  and  dooompnun  the  filtered  and  c<mc«'nlrated  solution  of  walciun 
boiiAoati*  with  hydnxlilnric  aoid.  The  benzoic  acid  thua  precipftatwl  ina| 
he  jitiriDod  by  Bublimatfon. 

Benzoic  ncid  is  inodoroiiit  when  cold,  hnl  acquires  a  fnint  smuU  when 
gently  wnrmiHl ;  ii  nultd  at  ri*>CC.  (2480  F.)i  and  PuMimes.  (it  a  tfmp^ra- 
turo  A  little  above  ;  boiU  at  iiS'P  C  (4e^20  p.).  It  disHoIves  iu  ftU>al  *1\A 
pnrta  of  cold  and  25  parts  of  Ujiling  wator,  and  with  great  facility  in  al- 
cohol.    Benzoic  airid  ia  not  affecte«l  bv  ordinary  nitric  acid,  even  at  biiiltng 

keat ;  bnl  with/K/mM^  nitrir  acid  it  forms  a  Hubstitution-prwiiu-t Vht^rini, 

aIko  acta  on  benzoic  acid,  forming  Bubstilutiou-products. — /^lOJt^iiurut  pe»- 
tarhloride  convertu  it  into  U-nioyl  chloride,  C,HaOCl.--lJ.inEt>io  aoid  dia- 
Bolvffl  in  ordinarv  strong  sulphuric  acid,  but  in  precipitatml  unaltored  oq 
aflditinn  of  water.  By  fuming  aulphnric  acid,  however,  ami  atill  nuir^l 
rca<lilv   by  Bulphuric' oxide,   it  in  eonvertod    into  aulphobrnaolo   acld^ 
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CiH^SOj  (p.  903).  By  nascent  hydmgen  (evolved  by  fiodinni  amnlgaTu) 
it  U  partly  reduced  to  bcnxolu  alduhyde  and  benzylic  atuohul,  ami  U  partly 
convortrttl,  l»y  a4iUitiou  of  hydrogen,  iuto  ItydruLuiitoic  auid,  C^HigO,, 
a.  cryBtalliiiii  acid  wliu-.li  funiM  a  cryHUUiiie  caUiiiiu)  ualt,  CaCCjlI^O,),,  and, 
when  recrybtallintHl  t^ithar  in  tliti  fr<H*  slate  or  iu  tlie  furm  of  coloium  salt, 
\h  ultituHttrly  coiivfrtcd  hy  uxidntiuu  into  twuzuju  acid  ;  it«  uihylic  etlier, 
C,Hj.(',H,(.)g,  han  tlio  odor  of  ethyl  vaU-rnto. 

All  the  bt'iizoateti  ar«  more  or  Iwjh  soluble:  they  are  easily  formed, 
eithiT  diffotly  or  by  double  dfCoinpoHitiou.  The  htn^oaten  of  the  atkaiits 
and  of  nmnumin  are  rery  Holubb^,  and  somewhat  difficult  to  cryHtallixt:. — 
Culciwn  hrnzfMift  forms  groups  of  small  colorless  iiwedb'S,  which  rtHiuirw  20 
parts  of  cold  water  for  Holutiou  ;  the  harium  »alt  dis»olvi^H  with  tlilficnlty  in 
the  cold.  Neutral /rrnc  6riiw«/e  is  a  soluble  L-ompouud  ;  but  the  basic  ualt 
obtained  by  neutralizing  as  nearly  as  pott^tible  with  ammonia  a  solution  of 
ferric  oxide,  and  tht>n  adding  ammonium  bensoate,  is  quiu*  ins«>luble.  Iron 
la  sometiroos  thus  separated  from  other  mt-lulit  in  quautilative  analysis. 
Neutral  and  basic  tftui  Umznntr  are  fre<^ly  S4)luble  in  tht*  cold.  Silver  6*ii- 
zoate  crystallizes  in  tliin  transparent  plates,  which  blacken  on  cx]>Qeure  to 
light. 

Calcium  1x*nzoate  is  resolved  by  dry  distillation  into  calcium  carbonate 
and  Ixmzone,  or  benzophenono,  C,jH,(,<>,  the  ketone  of  benzoic  acid 
(C'-HjOj);^!  =  COjCa  4*  <^''H*'^*^l)3•  *'"  ^'"^  other  hand,  tien2i»ic  wid,  dis- 
tilied  with  excess  of  liuie,  is  resolved  iuto  carbon  dioxide  and  Iwnzeue : 

Bensoio  Chloride,  or  B^DSoyl  Chloride,  C^HgOCl,  la  prepared  by 
the  action  of  ])hosphorus  puuLudiiuridu  ou  benzoic  acid.  It  is  a  colorless 
liquid  of  (liHAgreealjle  pungetil  inior ;  ny.  gr.  l.lUti;  boiling  j)olnt,  Ui'J^  C. 
(3!)0.2^  F.).  The  vajwr  is  inllammtible,  and  burns  with  a  greenish  tlame. 
Beuaioyl  chloride  is  decom|Mwed,  slowly  by  t^ld  and  quickly  hy  Iwiling 
water,  into  l^nzoic  and  hydrochloric  acids  ;  with  an  alkaline  hydroxide, 
s  beuzoate  and  chloride  of  the  alkali-metal  are  pr^Kluceil. 

Benzoifi  cifanute,  CgUj.CO.CN,  obtained  by  distilling  the  chloride  with 
potassium  cyauide,  cry:*talUit«>8  in  largw  plattts,  melts  at  31o  C.  (&7.f?^  K,), 
and  boils  at  2(»6O-208O  C.  (402.&O-|0«.4O  K.).  By  boiling  with  alkalii-s, 
it  is  resolved  into  Iwozoic  and  hydrocyanic  acids. 

Benxolo  Oxide,  or  Anhydride,  C,,H,qO,  or  (C,HfO),Ot  is  obtained  by 

the  action  uf  tMinzoyl  chloride  ou  potassium  benzoate: 

Benzoyl  chloride  acts  In  like  manner  on  acetate  or  valerate  of  sodiam, 
forming  aL-etu-lHtnzoic  or  valero- benzoic  oxide,  either  of  which  splits  up  on 
distillation  into  aootio  or  valurio  oxide  and  )H*nsoic  oxide  ;  e.  g.y 

C,ll,OCl     4-     C»H,0<ONa)     =     NaCl     +     (C,n^O)(C,H,0)0, 
and 

2(C,H,0)(CJI.0)0    «    iC,H,0),0  +    (C^H.O),©. 

Benzo-mnanthylic,  benzostearic,  ben zo- angelic,  benzrt-cuminic  oxide,  and 
soveral  others,  have  been  obtaini'*!  by  similar  processes. 

Benzoic  oxi(le  crystallizes  in  oblique  rhombic  prisms,  molting  at  420  C. 
(107. G~^  F.).  and  dUtilling  undecomposod  at  31(0  C.  (SHOO  K.).  It  melt* 
in  boiling  water,  remaining  fluid  for  a  long  time,  but  is  ultimately  oon- 
vertfd  int*t  benzoic  acid,  and  dissolves:  caustic  Alkalies  ciTcct  the  conver- 
Blon  much  more  rapidly.  With  ammonia  it  fonns  ammonium  bcnsoatc  and 
benzunide : 


I 


(C,H,0),0    +     3SH, 


C,HjO(NUjO    -I-     C^HjO-NH, 


■Mt«. 


w  ftior  i  tav 
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in   ooatact  «:*- 

tv   l»<-i>«<  •.,  «fiiiii    r<M  rT9t«Uix«<il  fr»nu   ».iJi«r,  Tjf^a* 

V  Umtoyl  aioxJ<J«^  which  «xplo<)«  vbi^ti  bMUi 

,  h  giroa  off  oxygen,  uul  CDnus  fr^iff'Tr  b» 


.   n   '•" -^H.  formaii  bjrthejujtlonof  twMoylAfe- 

i-.r.     lu  rthvi...  ..it,cr  bolls  Aft »^'C 


rUIr  nn   ■ 

tvy                           '      r.vsuUix**  (r^>iu  eUicr  in   Utk*  pnHtfi 

tnr\  iistiUing  wiihuui  dpooinpOMition.    Tkt 

4lcni0lu4«i    I*  [  rouuoral    hr  uxJUaLion   of   thiotM-uiiUC  AOil 

**i»J»  i*«r»ttl  ■  «Z|iom4  to  iho  air,  forui*  shiuing  cfyrtdb 

/>»fAui&au«i.  i[,  U  formed  by  liroUiij^   the  oompotuid  C^ 

CCly  with  aa  ni  ^  of  poUuinuj  salphi«i< 

3KC1 


c;at.cci. 


2K;3 


CgHj.CS.SK, 

Tb«  fr«a  sold  is  rery  uxuUUe :  iU  lesd  Mlt  orx8taUise«  from  carbon  nf 
phid*  is  rsd  neadlea. 

Beasamide,  C,HTNO  =  CfIIj.CO.NH,.  in  Uinm^  (.slmilxrlx  U>  Moet 
tk.  77ti)  br  the  aHion  of  aijueous  ammonia  on  Iwnzuyl  chloride  or 
beiuuattf ;  alio  by  oxidisiug  hlppurio  aoid  with  l^ad  uxJd« ; 

C;H^0,    +     0,    =    C,H,NO    +     2CO,     -f,     H.O, 

Bfiniamidi*  crjratAUiaefi  In  nacrfou*  laminv.  noarly  insolnble  in 
water,  vastly  soluhlf  iu  UHling  w^ter,  also  in  aliM>hiil  and  t^thar  ;  if  mellsal 
l::iiOC.  (2570  K,).  an-l  voUtiliiofl  andecompoawl  h*twtN>n  28i$0  and  290O 
C.  (A4tf.flO  and  564^  F.).  Its  reaotionH  arc,  for  tho  nvmt  part,  similar 
tboMof  aoctnmiilo.  Il<>at«d  with  bonxoic  oxide  or  cUluridt*,  it  /lalda 
sonitrll  aod  ImiuioIo  acid  : 


BcDinaiUle. 


Uoaiamldc. 


Bcotole  oxide.  BenioiUtriL  Beoiolo  ftcld. 

UCl  . 


Bcnzitto 
chloride. 


BenzoDitrll.       Bentolo 
acid. 


Hf^ated  with   filming  hrdrochlnrio  aoid,  il  forms  lirdrochlnrlde  of  beni 
mi(lf>.  r^H|N0.1lri,  which  eoparatosoQ  cooitng  in  long  aggn^gatml  priwnfr 
ILh  af|neoui)  noliitinn  diBsotvMt  nu>rcurio  oxide,  forming   bensomoroiir/ 
amid«,  CgI{^.CO,NH|;.     By  diatillation  with  PO^or  V^  it  la  convor 
into  benionitril. 

Phrnvl-hrnvtmifle,  C,n5.C0.NH(C»Hj),  Is  fnrmod  by  the  action  of  aniUne 
on  bvnzyl  cUlorido. 


BrBflTITTTED    BB9B0IC    ACfM. 


TliG  action  of  chlorine  and  bromiiio  on  benioic  arid  glrofl  rise,  for  thi 
most  part,  only  to'mono-siibstituto*^  doriraliv««,  C«H,X.COjH,  Wlonginj 
to   the   meta-Berlos  (CI  or  Br  and  COJI,  in   the   relative   positions  1, 
with  nitric  acirt  (diluted  with  3  partq  nf  water)  meta-deriratires  aro  all 
pnxluood,  together  with  small  quantltios  of  the  ortho-  and  para- 
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poaiida.  These  and  all  the  othnr  mono-halogen-  and  mono-nitro-deriTa- 
Uvea  of  benzoic  :ick1  mny  also  be  fonue<l  hy  oxidatiou  of  lliu  correspuudlng 
derivativefl  of  toluene  ;  e.  g.^ 


C.H.Br.CH,    4-     O, 


CgUjBr.COjH     -f     H,0 


the  racta-  and  para-oompoiindd  hy  cluoinic  acid,  the  ortho-cfunjionnda  hy 
diltitu  nitric  acid;  tliene  last  ouuipuuud»  are  attacked  with  difficulty  by 
I       oliroinii!  a^^irl,  and  then  f^oiupletely  brolcun  up. 

Tho  halogeu-derivmlives  of  benaoio  acid  may  also  be  formed  from  the 

I       oorrcftpoiidiiig  amidubenioio  acids,  by  iobatitutinn  of  CI,  Htu.,  for   NH^i 

'       through  thf  luodiura  uf  the  diaio-com pounds  ;  and  the  luomichloriiie'  ami 

unnit»liroujin»*-<l*.'rivativi,*8   by  trentiii;;   thv  c'lirryMiKindiiig   oxy-acids,  C|H, 

(0H)J'O,II  with  l'C\or  PBr^,  and  dt*ixiuiiK>aiug  the  resulting  chloride  or 

bromide  with  water;  e.g*^ 

c,n,(Oi!).co.oii  +    pcij    =    cjfjCn.co.ci   +   pci,o  +   h,o, 

I      and  CjHjCl.CO.Cl    -|-     HOH    =     C^H^Cl.CO.OH    -f     HCl  . 

I  The  orlho-dirivatives  of  Iwnzoic  acid   fuse  at  lower  lemperaturt*t(  than 

•the  corrrti|>onding  ineta-  and  para-<l«rrivatires.  They  are  miKk-ratcly 
Roliilih'  in  water,  and  form  eaaily  soluble  barium  salts,  by  muaiia  of  which 
Ihey  may  be  separated  from  the  muta-  and  para-dctivatives. 

Monochlorobenioic  Adds,  C,HjC10,.— The  ortAo-eomponnd,C,.CO,H. 
Cl.Hj  (^f  'hioroMiicjfiic aciii) ,  prt'pnred  by  treating  salicylic  acid  (o-oxylwniolo 
aciil)  with  I'Clv  nJ»d  d(*comyK»*iinK  the  ri*fiuUiii>;  cLIuridn  with  iNtlliug 
wat»!r,  cryHlaiiixi-d  in  CDlorliias  noedltta,  melLs  at  isyo  (;.  (27>^.tiO  p.).  also 
ondt^r  iNiiling  water,  and  in  more  soluble  in  water  than  the  meta-  and 
para-coinpnunds. 

The  mr/a-oouipound,  C^.COjH.H.Cl.H,,  is  formed  by  oxidation  of  mcta- 
chlorotoluene  ;  by  heating  Ixjnzoic  acid  with  hydrochloric  acid  and  man- 
ganesi*  dioxide  or  piJla^sium  chlorate,  or  with  solution  of  bleaching  powder 
or  with  antiinnnic  chlorido  ;  also  by  deitimitositlon  of  clilorohippuric  aoid ; 
and  frnin  (I  .■4)  chlnrfuiilrobeiizene  by  means  of  ]>otnH»iuni  cyanide.  }t 
orvHtalliz^s  iu  colorlcs.i  nti^Mc^,  melting  without  decomposition  at  lfi20 
C.  (SOS. (JO  F.),  very  slightly  su!ublp  in  boiling  water. 

The/wira-compouud,  (.'fl.CDgU.ll.lI.C'l.Il,  {Chloroiirartflic  <tcid),  formed  by 
oxidation  of  (1  :  4)  ehlorotoluene,  tiublimes  in  colorless  scales,  which  melt 
at  2360-237°  C.  (456.bO-458.60  p.). 

Diohlorobensolo  Adds.  r.HjClj.COjH.— Two  modifications  (out  of 
BIX)  arc  km.wn,  vu.  («>  1:3:4  (CO,|I  in  1),  formed  from  bonioio  Jicid, 
and  from  (I  :  3)  or  (1  :  4)  phloro>»i?ii«jio  acid  by  boiling  witli  ttoluliim  of 
bleaching  jwwder,  or  by  heaMiig  with  antimonie  chloride:  als<p  l>y  uxida- 
titin  iif  (i  :  3  ;  4)  dichlorot"luene  with  chromic  acid.  Cokirl<»8a  Det*dles, 
mHlting  at  202o  c.  (395.170  v.),  slightly  9o!iibl.i  in  water.  <fl)  (1:2:  3), 
pnxlnced,  like  the  a-acid,  from  (1  :  2)  chlnrobenzoic  acid,  and  together 
with  the  «-acid,  by  treating  Iwnioic  acid  with  HCl  and  ClO^K,  or  with 
solution  of  bleaching  powder.  The  two  acids  may  be  8*'parntod  by  meana 
of  their  barinm  salts,  the  -^-saU  being  the  more  soluble  of  the  two.  The 
fl-arid  forms  slender,  shining  needles.  ranUs  at  IfiOO  V.  (302^  F.},  boils  at 
301OC.  (573.8C'F.),disBnlvea  in  about  1200  parta  of  water  at  HOC. 
(51. 80  p.)j  more  easily  in  lM>iliug  water. 

Trichlornbftiziiir  nrid^  CaH,n5.C0,H,  formed    by  oxidation  of  trichloro- 

tnhiene,  crystalliK*^    in    small    uevdles   melting   at   103*^  C.  (325.4'^  F.), 

^^Mirly  insoluble   in   cold   water.     An    iKomeric   acid,  formed    by  heating 


^ 
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dlnUfo-parwolilrtWnioic  *ci«l  wiiU  faming  hvdrodilorjc  auid,  suJU  a 
C.  (31>i.i-'  K.)t  a"''  »uMimr6  without  <l<Hx>mpo«iUoii. 


mV 


oonreffi 


Uonobromobensoio  Add,  C.HtBr.CO^fl  (1  :  ^.'i    fr..T„  ^.n), 
toluniu*  with  ntlrio  i*cld,  or  from  I'-amidoWuxtWc  «. 
tot-rbromtilo  with    »»r.  aubliiuvfl  in   n«»dli*s,  aaU 
C2atf.tP-.fl'^.40  F.).     Ita    barium  sail  is   wry  aoXuhU    iu  ii«i^r.     f1 
tir   nrdinor/  hr*»iii<*t'<'»itf»c    m-if/,  frrmi    int*tAtironH>toluene,   and    bf 
U'luolo  ifcclil  with  broiniim  and  wnt^»r  to  12<lO_13iJO  c,  (248^^156(P  F.) 
hni'v  m  nccNlhH.  Mitl  iiK'lt*  at  IfiSOC.  (3110K.).      (j  -  4^  fp^^  p»ral)Mafr 
tolu>'n«i,  U  noarl/  insoluble  in  water,  crystAllixes  in  needlctt^  *od  iwJUit 

l>i  ,  tri-,  and  iwnta-bromobmioto  aci<1ii  are  formed    by  liMXmg  beni 
arid  with  bmmtne  to  2*>0OC.  (3930  P.)  and  aboru.      C-H.Br.O,,  (1  :  3 
furia*  dinall  noodles  midtiug  at  22J»ci-<::UO  C.  (444,20-44*30  F.).   t\a,E 
and  t\Ullr,0,  mcU  Uawovu  2340  nud  23ftC»  c,  (453.2':i-4550  p,), 

Kooo-lodobenBoio  Aoidi.  r,T!J.Cf>,H,  an?  obt/UiKn!  hy  oxidattosi 

l<KlotDlut<iit«  with  nilrlo  ruid.nr  from  tb««  correajw.nrlin^  amidob^mioio  ACidf 
hy  dccomjMieiug  tlio  diozo-compimiidtf  with  h^driodtc  acid  : 

(1   :   2)  form  MOtnilL-*,  irndtiug  at   157^  C.   (314.00  F,j  .    conwrWd 
fuhiuu  with  potash  into  salirvlio  arid. 

(I  :  3)  aubliiues  in  netKUea,  mnlting  at  IBT©  C.  (3G8.0O  F*); 
hy  fusion  with  potash  into  oxybcnxoic  add. 

(I  :  4)  dublluK's  in  si>al.^,  luelta  at  alioul  267°  C.  (iil2.0O  P.),c<»ii 
hy  ftulon  with  (M>taiih  into  jmra-oxybenxoio  add. 

Fluoti«n:itic  aciti^  CjIl,F.C'>,H,  produced  hy  tr«Ating  diaao-ainldol 
add  with  hvdroduoric  acid,  orystalUzos  in  rhouibio  prisma  tueltLuf  at  169^ 
C.  (3:»9JJO  v.). 

MononltTObensolc  AoldSi  C|Ht(NO,).COjH. — When  bfnuoiv  a«id 

trualtwl  with  faiuiu};  nitric  acid,  or  bettor,  with  a  mixtun*  of  nlLrtt 
parLs)  and  atrontr  sulphuriti  netd  (3  parti^}  to  1  jtart  of  boiisuio  acid, 
chiof  jirodurt  otitulnml  in  motanltrobcnzoio  acid^  thMortho-cotDpound  Ui 
fornii'd  ill  umallor,  and  the  para-  in  vorv  Binnll  qnantily — the  ijiiu«*s  bfli 
warmed  till  it  mdts,  and  the  liq^uid  nia^iB  poiu-iHl  olT  from  tbo  ^>lid  p«>tj 
nitim  Mulph.-ito.  The  three  nitro-adds  nr'?  Sfparatt-d  hy  tho  diir»'renl 
bilitio»  of  their  Imrium-salts — that  of  tho  ortho-acid  being  very  soluble 
that  of  the  mota-Acid  rathor  sparingly,  and  that  of  the  para-ncid  ?ci 
slif^htly  soluble.  Cinnau)io  add  yiohls  by  nitration  two  nitro-add 
C,H,(N03)0,,  orlho'  and  jiara,  from  wliich  the  corrcs]>ondlng  nitrobenzoi 
acids  may  Im  obtained  by  oxidatiou.  Hippurio  acid  yields  by  nitration 
nitro-hippuric  add,  convertible  into  mclanitrol>*?nzoic  a^^fid. 

(1  :  2)   NitrtdKinznic  ftridcrystallixea  Inne'.'dleH  nr  prisms,  solable  in  IW 
parts  of  water  at  Ki.fiO  c.  (Gl'.TO  1<\),  meltinj;  at  1450  C.  (2f»30  F.).     (I  ;, 
3)  Nitrobenzoic  odd  cryatalUics   iu   ncedlca  or  laminx,  dissolves  In 
parts  of  water  at  16.50  C.  (Gl.7^  F.)*  t*"bUme«  in  white  newilea,  mclta 
1430  c.  (287.60  F.).     (1  :  4)  Nittt)bt'nzoie  acid,  formed  also  by  oxidatif 
of  paranitrololiif>no,  orvstaUiaeR  in  yellowish  laminie,  very  slightly  soli 
ble  iu  water,  melting  at  240O  C.  (4C40  ¥.), 

Dinltrobenxoto   Adds,  rjI,rNO,),.rO^H.— nrthonltrnlMnzoir    nc 
Ireatwi  with  a  mixture  of  uitrir  ami  sulplmric  ndda,  yields  thn-.-  dinit 
Im'tizoSo  adds  («.  *,  and  y),  easily  Hcparntcd  by  the  unequal  dotiihility 
thdr  barium-salts — that  of  «  being  very  slightly  pduble  in  cold  wat^iT* 
that  of  5  moderately,  and  that  of  y  very  easily  solublo.     The  «-add  ta 
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od  by  oxidatiou  of  (1  :  2  :  4)  dinitrgUiIui^uo  (melting  point  70.50 
i.90  p.)  witli  chromic  acid.  A  fourth  acid,  },  is  nlit.iine^l  by  Uiq 
tioQ  of  nitric  and  sulphuric  nuid  on  mtfta-nitrobtiiixoie  acid. — m  (1:2: 
*  Coh>rl»»a9  prisms,  malting  at  177^  C.  (3£iO.G^  F.),  lUfHleratoly  solu- 
in  hutf  sparingly  in  cviM  wntor.  6.  (1:2:4)  Umg  rhotubio  plattA 
prisms  luultiug  at  17^^  C.  (354.2^  F.)*  y*  (1  :  2  :  ti)  SluiuU-r,  white 
uinylk'S,  moltiug  at  «(J*JC'  C.  (3D0.GO  F.),  reaolvod  at  a  higher  t«m- 
ratnrM  iuto  (1  :  3)  diuitrobvnzeut)  and  CO,.  >.  ( 1  :  3  :  &)  CryBtullizt^ 
ym  wattir  iu  largv  square  plat^ti ;  fruui  akvhol  in  pri.siiui. 
By  reductiuii  with  tin  and  IIGI,  lh«  ••  and  ^-t!Oui]M>unil.H  yielH  Ihn  rorru- 
flponding  diamidobtiuzoiu  acidd,  vrhoruaa  $  and  y  yield  uo  diamido-acids, 
but  (1  :  3)  diamidubunzuuo  and  CO,. 

Nitro^fitoro-  and  Xitro-brmnahentttie  acuta  are  obtained  by  nitration  of 
ohloro-  and  bromo-boniulc  acirls.  (1  :  3)  bromolHrnzuio  acid  yieldti  two 
nitromutabromotwuzoio  auids,^m«  inidting  at  24*^^  C.  (47^.4'^  F.),  th« 
other  at  1410  C.  (285. 80F.)-  1"  '"'ih  nf  Iht-m  llie  NO,-grotip  it(  in  tli4» 
orth^poaition  (2  or  U)  with  ro«iw«t  to  th«  CO,H,  and  both  yield  by  reduc- 
tion (1  :  'J)  amidulxMi/iiic  acid. 


Amldobeazoic  Aolda.  C|Ht(NH,).CO,H.— The  thrco  modifleationfl 
art"  formed  by  rwlui-lioii  uf  tbo  tUnti*  nitrubcntuie  ai'iiU,  bwtt  by  g4<ntltt 
heating  with  tin  and  hydroLhlanc  acid.  At  the  end  of  the  reaction  the 
pruiluct  is  diluted  with  water,  proclpitated  with  excesti  of  sodium  carbon- 
ate, and  ihi'  (-tuicentratM  filtratu  is  acidulat<>il  witit  nt-trtio  acid.  Tlie 
ortho-compound  Ia  aUo  produced  by  boiling  indigo  (1  part)  for  several 
days  with  HmU-Iye  of  ttpeeilie  gravity  1.38  (U*  par(s),  gradually  adding 
]hu]vorix<^l  maugaueiae  dioxide,  and  nnipwing  tho  water  as  it  eva|)iirat4*fl, 
till  tilt*  color  of  tli»  moHH  liaa  beoorne  light  yellow.  The  priMluct  is  thuu 
dissolved  in  water,  the  solution  id  neutralizeil  with  Hulpliuric  aeid,  fllterixt, 
and  uvaporattsi  to  dryness;  tho  residue  is  exhausted  with  alcohol;  and 
the  salt  whtuli  reioaiua  after  evaporation  of  the  aluidiol  \a  di»iK>lvv<l  in  liot 
watt<r  and  dt^composi^  with  act*tio  KtAA. 

The  three  atuidobenzoic  acids  react  like  glyoocine  (amidaiMtlo  acid), 
and  yiehl  woll-oharncterJKed  »alt«,  both  with  inotallio  oxides  and  with 
acida.  Wlirn  hcatiM  nimvo  their  melting  [Kjints  they  are  resolved  into 
aniline  and  earbon  dioxide. 

Or/A<).  {AnfhratiiluT  nrui), — Thin  colorless  priflms  or  lamins,  sparingly 
■olublo  in  cold  water,  easily  in  hot  water  ami  in  alcohol ;  melts  at  1440  C. 
(2.91.20  F.),  Mcta-,  Small  colorhMW  n*>odleH,  nnite<l  in  mtdnlar  gnntpa  ; 
easily  jinlubl«  in  hot.  spnrinKly  in  cold  water,  imdts  at  173^^1740  C. 
(;U3.40-;i45.20  F.).  !\tni'  (nmv/wlmriffic  acid).  L^mg  «lrnd<'r  shining 
nt-udlos,  wujily  soluble  in  water,  melting  at  18tiO-18|0  C.  (3t*C.8O-3tf8.0O 
F.). 

Kitro-amidobonzoio    acids,    CeHa(NO,)<^(^'"'jj  . 

1.  Nilro-orthamidohensnic  arid  is  known  in  two  roodiflcatlona.  ri«. : 


c,.co,n.Nn..n.ii.NO,.H 

«.  (I  :2:6t 


C,.CO,H.NTr...H.H.n.NO, 

B.  (1  :2:fl) 


which  are  prodncod  from  the  corresponding  nitnwalieylie  acids  hy  heating 
tliPir  dit>thylie  ethers  with  alciihollc  ammonia,  and  dw-nmposing  tho  ro- 
Bulting  nitramidobenzamidi's.  r„H/NO,)(NH-).rO.Nn„  with  boiling  ba- 
rvta-water.  Both  acids  fTyRtallizf  in  lone  npwJIes,  the  a-acid  malting  at 
2700  C,  (5180  p.),  the  fl-aoid  at  205O  C.  (4010  F.). 


•  CO.H  In  I. 
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3.  yitro^mttamidobmmHC  afui  U  known  in  thrw  nN»Uft«Attow, 

11*  * 

Thoy  »r»  obUlned  by  boiling  the  threft  dinitro-cmiiUdobniMio 
902)  with  w»»or.     All   ibn-^e  crjvttUllm  in  y«liov   u«N*<lles  ■  «  luui  f  1 
Uigl^  ftolublu  LU  Uot  wtktAiT,  y  cuU/  noJuble.  ' 

3.  Mtro-fMiramUi<J>engok  acU  O  :  3  :  41,  nliUinerl    in    like  maiUKsr  IfH 
dliiltro-pAra-urftmidolMinjUMo  juiiL.  or  b/  Wtiiig  nitratilsic  »ci.l  witki 
oiu  lunniDnia  to  14i»^170O  C.(2(MC.-33wO  K.>  for  thrw  or  font  houi 
■ttiiatl  iliM'i>-yi  Ilnw    ii.'«.«illoii,  alighlly  Bulubl«  in    iMnliutt  wfti«T  ai 

thmitro-f^tr.tmi,tU>fmmic   acid,   C.1I,(N0^,<^^'^  ,  or   ChryumU 

produced    by  Imiittug   diiutru-AiiUic  or   ditutn>-c>tlivlpnrnoxrL« 
with  »qu«oufl  auimuuia,  Uio  group  OCD.  or  tX*  H.  beiui*    Lkiui  r.-i 
Nil,:—  »     »  b    uiuartj 

C,U,(NO,).<^|^^^f    4-     NH       =     CB..Ofl     -+-     C.H/.NO^,. 

It  eryiitAllizf«  in  filiinin^  poblen-Tenoir  nctwtl<>s.  mvlts  at  2590  C. 

F.)  and  Kuhlini(>e  ;    is  ni'nrly  ineattible  in  cold  v&trr,  iuo<UTat<*lv  solnj 

in  Iwilin^  wMor  and  lu  al«»ihnl.     It  is  »  strong  monobasic  acid. 

Oinitrth^rrtftn<ititiHobfnzoic  uml^  obtained  in  likpmannur  fron»  diniirn-rthi 
Balioylio  acid,  oryKtalliin)  fnmi  alcohol,  in  which  it  in  Hli|'litlr  eolul 
golden-yeUow  Boa)t«,  mrlting  at  SfifjO  C".  (4Jt2.SC'  F.). 

Aotttyl-mtftamidobensoio    aoid,    C,H,NO,  ^  C',U^<^^^' 

in  fi>mied  by  dlg<^ting  (1  :  3)  amidoUoizoie  and>\ilb  jtlacial  ac(*tie 
ItiliO  r.  (32l»0  F.),  or  aino  lutfiauildobouzoalo  with  acetyl  elilondu 

(C,H,.NII,XO,)^n  4-  2C;iI,0a  «  ZnCl,  H-  2C,H4(Nn.C,H,0)l 

It  fonms  white  mirnwropic  crystals,  insoluble  In  ortM  wfttt«r  and  in  ctftH 
pllsrliliv  ptolublp  in  lioiling  wator,  easily  In  Uiiling  nkvbol,  niflt^  at  2:!)TJ 
230°  C.  (43^.RO_44(jo  p.),  «,ibIimcB  at  1WO  V.  (3iliS)  F.).  U  fa  a  niuti4 
banfc  acid,  formiiiK  easily  nolnhh*  Hults  with  the  nictul^  of  Chv  olkalid 
and  alkaline  carthH  ;  sparingly  Bnlublo  saUn  with  K-ad,  silver,  and  utii 
%  iMiilintr  with  d)lut«t  Kulphurio  aoid,  it  \&  rf^sulved  into  ac«tic  &nd  ainida 
ben&oic  acidn  : 

Afif  tTl-parnm  idohonxoio  acid,  innrnMrio  with  the  last,  is  rMHj 
obtaim^a'  by  oxidining  ac<»toparatohnd«,  C^HXNU.CjHj'O.rH^,  with  potan 
aiam  p«^rnianKanatc.  It  crystalllziw  in  nt.H*<11(»,  sparingly  solublo  il 
water,  moni  n-adily  in  alcohol,  and  nielting  with  dewimpoailion  at  abouj 
250OC.  (4820  F.). 

Hipnnrlo    or    Bonxamldaegtic    aoid,    C^HgNOj   « 

^^%<^(\'(y\\        ilirnziiifl  fjhjaycinr). — Tliis  acid,  mt-taint-rifi  with  tlw 

just  doscrlbt'd.  i«  formed  by  the  action  of  licnznyl  rhhirido  on  tho  xin 
of  amidftcctio  acid  (glyMx^lnft): 

(CH,.NH,-CO,)^Ti  +  2C^Vipr\  =  ZnCl,  +  arn,CNH.r,H,0)CO,l 


potan 
bio  il 
>  abouj 

hem 
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tho  reaotioD  being  analngoas  to  the  aeoond  of  those  above  given  for  the 
forniAtiua  of  ooetaiuidobenzuic  aold. 

Uippuric  add  occurs,  oftvn  iu  large  qiiantitif^,  Ju  the  iirintt  of  horses, 
oowri,  aiul  olhar  htirbivoruufl  animalit  ;  id  Btuullor  quojititv  also  iu  human 
urine.  It  may  be  prepared  by  boiling  fresh  cow«'  or  horHen'  urino  with 
milk  of  lime,  and  precipitating  tlieconc«ntrated  llttratu  with  hydrouhlorio 
aoid.  For  purilluatiuD  the  crude  auid  iu  washed  with  ohlorinu-watf^r  ;  ur 
itJi  nolutiuu  iu  dilute  soda-lye  is  bdiled  with  S'xlium  hypiX-lilorite  till  it 
beoomi!a  coLorle^d,  and  the  solution,  alUir  cooling,  is  precipitated  with 
hy<lr»chlorio  auid. 

Uippuric  auid  crystaltiies  in  rhombic  priflms,  which  have  a  slightly 
bitter  taste  and  add  reaotinn,  moll  on  the  application  of  heat,  and  rM^uire 
for  solution  about  (JOO  ports  of  cold  water  ;  it  also  diosolvee  in  hot  aleobol. 
At  a  high  Utmperature  it  decompostra,  yielding  beuxoic  acid,  ammoiiiuui 
benzoate,  and  benzoaitril,  with  a  coaty  residue.  Iktiting  hydnwUluriv 
acid  oouverU  it  into  bouzoio  avid  and  glyooc-iue  (aiuidavetiu  acid): 

CU,(NH.CtH40).CO,H  +  UOU  s  C,HjO.OU  +  CH,(NU,).CO^  ; 

just  as  acuta midobenzoio  aoid  is  resolved  into  aoetio  and  amidobenxoto 

acidD. 

Hippuria  aoid  is  mnnubasic,  the  formula  of  the  hippurales  of  monatomic 
metaU  b»3lng  CjH^MNO,.  Most  motalli«oxi<U*s  diB.-tolve  rradily  in  hippurio 
aoid.  Ttie  hlppurated  of  potasiiium,  sodium,  and  ammonium  are  very 
aolable,  aad  ditQcutt  to  crystallizo  ;  their  solution.^  fnrm  a  cream-colored 
pr<^cipitAto  with  ferria  salts,  and  whito  ourdy  preeipitatt^ti  with  silver 
nitrate  and  raorcurouu  nilrute.  A  characteristic  reaction  of  tho  hippu- 
rat.ffl  is,  thai  they  give  otT  amroonia  when  fusod  with  excess  nf  potash  or 
liiue,  and  yield  beu£t;ne  by  distillation.  Mineral  acids  deoumptwc  them, 
separaliug  the  hippurio  aoid. 

Hippurio  acid,  tn^ated  with  nitrons  acid,  gl^ea  off  nitrogen,  and  is  con* 
rertod  into  bonzoglyoolHo  aoid,  CgH^O^,  an  auid  containing  the 
elements  of  beuiuxc  and  glyooUio  (oxyacvtic)  acids,  minus  one  molecule 
of  water  : — 

C,H,NO,     4-      HNO,      =      C,H»0,      +     11,0     +      N,  : 

and  beaioglyoollio  acid,  when  boiled  with  water,  splita  up  into  bensoio 
and  glyucllio  acids  : 


I 


C.H.O,       + 


=     c,n.o.    +    c.H,o. 


If,  in  tho  pri»pn.rntion  of  hip7Uric  acid,  the  nrinn  be  in  the  nh'ghtpst  de- 
gn^e  putrid,  the  liippiiric  aoid  is  all  d<?stri:iywi  iluring  the  evapnrntion, 
ammonia  is  diHi.m^agt\l  in  largo  quantity,  and  tho  liquid  is  then  found  to 
yield  nothing  but  b*^nxoio  acid,  not  a  trace  of  which  can  be  discovered  In 
the  uualtorod  secretion.  When  benxoio  oeid  is  taken  internally,  it  is  re- 
JKctetl  from  the  system  in  the  state  of  hippuric  aoid,  which  is  tlien  found 
in  the  urine. 

Hippuric  aei>l  dissolves  so  abnndantly  In  an  aqueous  snintion  of  eodinm 
phosphat>«,  that  this  solution  loses  its  alkaline  reaction  and  b«ui.ime!<  arid. 
This  reaction  may  explain  the  acid  charact4*r  of  the  recent  urine  of  man 
and  herbivorous  animals. 

Uramidobenxoio  acid,  Cen,N,0,  =  CO<U}|*^*^<"*^^"*^^,  is  formed 

by  mixing  tho  cold  snhitions  of  equivalent  quantities  of  liydn»chloride  of 
motamidobenzoie  acid  and  potassium  cyanate  : 

CjIIjNtVHCl     +     CNOK     =     KCl 
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ami     ux>bouxu/l-urv«, 


r 


,0,.      U.r 
iobl*  lu  hut  w.ti-r  ,^iMi  in 
It     i»      r*'milv<iil      Luto      1J|0 

CO^  I    •     Bjr  boiliug  with  oauaUo  putub.    it   is  fimlTrd  iuts 

NH 

Anii(l<>lH)iti^*t*'  acid,  oftrlK^n  dioxidn,  and  Acamunliu 

Crtunidutk'Ui&uio  aisiil,  treaie<i  wilb  a  xuixtum  of  nitiio  and  aulpba 
ai-id,  yictdM  thn*«r  imiuuiric  •liiutro-unuuidulMfusoio  ooiddt,  whicli^  wh< 
titilt<id  with  wat4*r,  aril  cuiivurtud  iulo  Llirvti  mtrv-ajuidobuxixoicactda,  «,^ 

(p.  mM). 

H»r«-ar amidabenaoio  acid,  formed  iu  alHJvr  from  ]iaTazaidoMi> 
soic  ai^id,  orystallizi^  in  white  aUiiiing  elongatini  liLminie.  but  »Jij:htlj  kJu- 
Uo  in  waUT  i-vi'u  at  lht«  boilujx  hual.  liy  nitration  li  j'irMs  in.lv  mm 
dliiitro-parauiidubvasoiu  acid,  ouuvertiblo  into  one  nittvnaranudobcaAuc 
Mid. 

Oiamtdobttttoic  dcicf,  C4H,(Xt!,)f.CO,H. — Thesis  posatMe  modiA- 
oatiunit  of  this  atdd  harv  all  been  obtainvd,  yla.  (CO,U  in  1): 

1:2:3,     1:2:4.     1 : 2 : 5»     1:2:6,     1:3:4,      1:3:6. 

Th«  lolda  1  ;  2  :  3  nnd  1:3:4  art-  rorrat>d  fmin  £  and  y  nitro-raolamtdo 
lolo  add  (p.  9lX>),  an'l  yiold  hy  diiitillaLiun  urtbo-diamidotMni^etir. 

The  aoidtt  1  :  2  :  tf,  1:2:4,  and  1  :  3  :  6  an?  formu<l  by  rttdaction  of 
thrtw  dtiiilnibiMiKiio  acids  (pu.  89S«  809),  and  aro  couvertod,  b>-  rluai 
tiou  of  C'Of,  into  tuctadiaiindoLiinxunu. 

Thu  acid  1:2:6  (or  1 :  3  :  t>)  is  funncid  from  ■-nitro-mcHanudobvnBOlai 
and  from  the  oorri.>fl  pen  ding  din  1  Irabu  lUoiu  ooidf  and  ia  ooDr«rtabl«  : 
para<tinmidobt'iizoiio. 

!!fiU'»!  it  a]>prArA  that  (1  : 4)  iliainidolH-nKtinfl  ia  pmdncible  from  on|r 
diamKlotx'iizoic  acid:  (1  :3)  diamidobenxont*  from  t/trfc:  and  (1  :  2>djan 
dobrnit'iHi  from  two  diamidulwiizoic  acids.  This  resaU  affordK  a  furtin 
oonfirmalion  of  tlu*  fllructum  of  the  thret^  diamidohiMixenps  (pp*  ^13*  ^T 

A  trinmitfobtHsoic  acid,    Cg.(X\H.NU,.H.NH,.NlI^.]I,  is  formed  bjr  retliK 
lion  of  (1:2:4:6)  dinitrAmidobenxoic  acid.     It  orr«talliz«ts  in  slijnii 
iitH^dlos  containing  ^HgO,  and  is  resoUed  hy  distillation  Into  CO,  and  ti 
auiidoU<nz*;nc. 

Asobenaoie  Adds. — The  at^tlnn  of  ftodlnm-amalgam  on  the  mono: 
trnJM»nioio  a('i<ln  (nr  ratluT  on  their  ftodlnm-saU^)  ^ivi's  rise  (as  in  the  csm 
of  uitrobvnzeuti,  p.  b&I)  to  azo-,  aaoxjr-,  and  h/dratuttonsoio  acids; 


^ 


AxoKyhcniolo. 


H 

Azobenaole. 


Ryilraiobenzoie. 


Metainhenaoic  acid  ,  C„H„N,0-f  JlljO  (CO.^n  and  N  in  the  re 
live  positions  I,  3),  ia  prt'cipiU-'d  by  liydnHthloric  ucid  from  tin?  »dtilinn 
Its  sodium  salt,  a«  a  yi'llow  amorphoua  powder,  very  slightly  soIuIjIi*  in 
water,  ali-ohM,  nml  etliPir  ;  dentnniKWi'^l  by  diflliUation.  It  is  bibabic,  and 
forma  crystalline  yyllnw  salts  and  ethers.  Ihrasohensoie  acid  is  a  fl««h- 
color^-d  amorplitius  p<»wder. 

Azoxybenzoio    acid,  CuITipNjOi  O  :  3)»   is   formed   by  boiling 
alooholic  siiltition  of  metonitrol»onzoii'  acid  wlrh  S'llid   i>otn>-h,  and  is  p 
cipitated  by  hydrochloric  acid  in  yollowisb  crystallin**  flocks. — Bibaitic. 
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Uydrazobenioifi  Acid,  CnH„N,0^,  ifl  formed  by  adding  ferrous 
■alpbatu  to  a  boiling  aoluUou  of  aiobcnxoio  acid  in  caustic  Hotlalrti,  and  is 
precipitaleHi  hy  bydrocblorio  adil  in  yvUowisU  flocks,  ver.r  sligbtly  soluble 
iu  hot  alcohol.  Its  sAlta  In  aqueous  solution  absorb  oxjgun  from  tho  air, 
whvrtiby  tbuy  are  oonrerted  into  aiobeuzoateis.  By  boiling  with  hydro- 
chloric acid  it  ifl  converted  into  on  isom(>riu  acid  derivAble  from  diphvoyl, 
juiit  as  hydra2uUm2L'ue  ia  uuuverled  into  beusidlne  (p.  852): 


0.H 


ia  converted  into 


'    *         '     ,    is  precipitated,  on  passing  nitrous  acid 


k 


The  last -mentioned  acid  ia  resolred  by  distillattou  into  CO,  and  benzidine. 

Diaao-derlvatlTea  of  Bensoio  Aold. — Tlieee  compoundH  aru  funned 
from  the  auiidubi'iuzoio  acid^  in  the  Home  manner  as  the  diaJCobenKette-com- 
pounds  from  tho  aiuidubuuzeues. 

Dia«oben«oii:  Nitrate,  Q''i<C(>^i j *      *  i  >*  formed  by  the  action 

of  nitrous  acid  on  a  solution  of  uK'tamiih>benaoic  acid  in  nitric:  acid.  It  is 
sparingly  aotnble  in  cold  water,  and  st'paratt^s  ttiert^from  in  coIorlHss  priHinit, 
which  explode  Tiuleutly  when  liMite<l.  Totash  addud  to  (ho  aqueous  solu- 
tion throws  down  a  yi'IIow,  vi-ry  unstable  mn.ss,  jjroliably  ccniMsling  of  free 

diazolwnzoio  acid  I  (Vi<C\j!a*  OuM  '      '^^^^  nitrabo  boiled  with  wat«r 

yields  meta-oxybi'uzoic  acid.  Itrouiine-water  added  to  the  nqueons  solu* 
tlon  throws  down  tho  per  bromide,  C^HjNjOjBr,,  as  an  oil  which  solid!- 
flrs  in  yellow  i)ri5ms,  and  is  r4.'»tilvt;d  by  heating  with  alcohol  into  nitrogen, 
broiuiiiu,  and  metabromubeuzuiu  aold. 

Diaio-amidnhenzolo    acid,    C.^HnNjO.    =: 

p»/N=:n^nii-    -  - 

into  the  alooholic  solntion  of  metamidobensoic  acid,  as  an  orange-red  crys- 
talline powder,  nearly  insoluble  in  water,  alcohol,  and  ether.  It  is  a  weak 
biba>iin  ni-id,  and  its  stilts  in  aqueous  solotion  art*  rery  unstable.  The 
acid,  bt-ated  with  halo'id  acids,  yields  the  corresponding  halogen-derira- 
tives  of  benzoic  acid. 

Dias(^  and  diaxo-amiilo-compounds  of  exactly  similar  character  are  ob- 
tained from  ortho-  and  para-amidobenzoie  aoid. 

Snlphobenzoio  Aclda.  *^«W4<[^'f|  .— Wh«n  Tapor  of   solphnria 

anhydridtt  in  passt'd  over  dry  benzoic  acid,  and  the  product  ia  treated  with 
wat4^r,  or  when  buuxoic  acid  is  lieate«l  for  a  considerable  tim«  witli  fuming 
sulphuric  aoid,  the  chief  product  formed  ia  »fl«/a-sulpholx'nzoic  atiifl,  the 
;wr«-acid  being  also  produced  in  small  quantity.  The  latter  is  obtained  in 
thn  pure  state  by  oxidation  of  para-tohirnoftnlpbonio  acid  (p.  860),  or 
para  sniphoclnnaraic  acid,  with  chromic  acid  mixture. 

Thfl  mrfo-acid  is  a  colorless,  crvntaJline,  very  doliqucsieent,  strongly  acid 
mass,  cnnvorled  by  distillation  with  PCl^  into  mela-chlorobenzoyl  chloride. 
It  is  a  very  stable  bibasio  aoid :  its  nentral  barium  salt  is  very  sotnble. 
Th(^  /wm-arrid,  C,l-IflSCJ^,  crystallizes  in  non-d«lique«ccnt  needles,  melting 
above  2fl(K>  C.  (3i>20  p.)^  and  decomposing  oven  at  a  lower  tt^mperature. 
its  neutral  barium  salt,  CfU^SO^Ba  +  ^UiO,  crystallizes  in  smalt,  ramified, 
ily  soluble  neodlea. 
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VOMATOMIC    AOIDV. 


Chloro-  %nt{  Brnmo-inl  pbobenxot  r  acids  SKobUiacdV^ 
•ctinn  of  fuming  •ulpluirU-»*iil  fto  lh#»porr*^ji«^Ti'1i!rv^  <!''rJv:t1irf^  v^  h^mnr. 
aci«l.  »i><1  t>y  tixltiailou  ff      ' 

Ai-Ut  with  funm»K»"l !''»"» '^  " '  r""'i  """    -^ 

K.)*     IMuiUctOfnt  acu'ulsr  i»ri«Tii«.     Triliiuio.      B 
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•UU  n  (lH-jani<l»'.  m.  j).  ir»»'-'  C.  i,  ,i  :._ 
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.\n  UiHucric  diaulpho-Acict  is  formml  bjr  oxvUUua 


Oil 


''^*oJ&  * 


Tolulo  Aoldl,  C,HaO,.^Of  ib«w  aoitU  tbera  m  two 
■MxlifloftUutu.  vis. : 

Tolulo  or  mettiyl-oeniolt.  AliihA-toluTe  or 

phriiyl-aoelle. 

tbA  flrat  admitting  of  th»  tbree  isomrria  modiflcatious, 
thrwe  toluio  aolds  4ru  fnriuiHi  h/  oxi>tAtii>n  of  the  nirr^dpondiugiliiDH 
bvnsenea  (xjleno*)  with  nitric  acid  dilulod  with  3  vuluiuos  of  wawr 
from  tha  oorrKsponding  cyAnoti>lut*UL*a,  CflI^(CX).CHj.    by  the  a«liua 
Altt>hnlie  polaah,   or  of    strong   hydruchlorio   acid.       By    oxidation 
chruiuiu  acid  mixture,  or  potaMdium  pt<riuaugauato,  they  are  oouverted 
IhH  LorrMpondiug  phlhalic  acids,  C^H4((-0,U)| 

Orthotolulc  aoid  orjrBtalliz«  in  long  aloodpr  ne«d1cs  melting 
l(»2.SO  C,   (215.tiOK.);  ifl   rood^-ratt^ly  snluhle    in    hut  wattT,    and   (ii 
wwily  with  aqueous  vapor.     By  oxidation  with   piTman  •    ri 

phthalio  acid,  wheri*aii  uhromio  acid  mixture  oxidizi.-!i  it  .  to 

bonic    aoid.      lu    catdum  taU,    (C,ll,0^/'ft  4-  iin,0,    :i.....     ^« 

(CgU,0^,Ba,  form  stuuder  ueodlei  eaailjr  soluble  in  wat«r 

MetAtnluin  acid  is  boat  obtaiuwl  from  oyanotolufne,  or  bj  the 
of  sotlium-aiualKani  on  bromowi'tatuluie  acid.  It  iu  mure  soluble  In 
than  itH  two  iHiiniiTJiles,  and  crystallift^  frum  hut  waiter  in  ^ItJiidvr  n 
melting  at  lOitO-lUC  c.  (iiS.aP-'iaoo  F.) ;  distils  enaily  with  a<j 
va|K»r.  Chromic  auid  mixture  oxidizea  it  readily  so  isophihalio  acid 
cttleiutHMU,  (('fM,O^Ca4-  '^U|Of  crystallizes  from  alcohol  in  n««dles, 
soluble  in  water. 

BroMonwfatalitic  rt«*/,  C,H,BrO„  is  formed   hy  heating  Tiitrop«ra-bronK>- 
toluene  with  alcoliolio  potassium  c/auida  to  SSO*^  C.  iA'lifi  F.),  and 
fying  the  pro<luct  with  potash. 

Paratnlnio  aoid,  obtained  hy  oxidation   of   (1:4)  xylene, 
cyruone,  with  dilute  nitric  acid,  orystnlliies  in  neoillett  intuiting  at  17 
(352.40  p.).     lu  calcium  salt,  (C,H,0,)^ra -f- 2H,(),  forms  needloa  eas 
soluble  in  water.     <Jliromic  acid  mixture  oxidiz(>8  it  to  terepbthadic 

Atpha-toluie  or  Phtntfl-areiic  aeid^  C-Hj.rH,.rO,H,   is  form, 
by  Ixiiling  benzyl  flvanide,  t'jHj.CII,.CN,  with  alkalies;  hy  hMAting  ma 
didic  a^dd,  C,nj,CH(OH).0O,H,  with    hydriodio   aoid;  by  ijoiling  vul 
aoid,  CigHijOj  (p.  918),  with  baryta  ;  and  as  an  ethylic  ether,  by  heating 
a  mixture  of  bromobenzene  and  ethyl  chlorncetate  with  soitium  : 

CjEjEr  4-  CH,Ci.CO,C,H»  +  Na,  ^  NaBr  -\-  NaCl  +  CgUj.CH,,CO,CA 
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MSftlTTLENIO — HTDEOCINNAMIO    ACID.  905 

It  crystallizes  from  boiling  wator  in  broad  thin  laminn,  very  mach  Uke 
benzoic  aciit  ;  sinclla  likti  horne-swent  ;  melts  at  76.5^  C  (ItJT.lK^  K.),  and 
boils  at  2tilO-2(i20  C,  (501.8O_603.tiO  F.).  By  disUUation  witb  PClj  it 
ji«lds  tlio  chloride  C|H^.CU,.COCl,  which  passes  over  as  a  colorleiw  henry 
liquid.     By  oxidation  witb  chromic  acid  mixture  it  yields  benxoic  aoid. 

A o  1  d« ,    Cpll,oO,.  —  Of    the    six    poasible   dimethyl-carbouio    acids, 

CgU}(CU|j}XU,Hr  thxtM  are  kuown,  vix. : 

CO,H  CO,H  CO,H 

I  I  I  I  1  I 

CH,  CH, 

M««ityleoie,  XjUe.  Farsxylle. 

MeBitylonio  acid  (1:3:  &),  formed  by  oxidising  mesityleno  with 
dilute  nitric  acid,  cryatAllizes  from  aloohul  in  large  pristiM,  frum  waior  iu 
needlf^  ;  melu  at  ItitiO  C.  (330.EP  P.),  and  snblimt^  withont  deoompo- 
sitiuu.  Dixtilled  with  ezcoss  of  lime  it  yields  iaoxylene.  By  nitric  acid 
it)Hrurtheroxi<UzedU>trimeBicanduriticaoidB.  Its/>ariHrA-«u/(,(Cg>i,0,)Jia, 
dit>solv(>8  easily  in  wator,  and  forms  large  shinjiig  prisms.  The  etkyiie 
tther,  C,H,0,.C,Hj,  solulrlies  at  00,  aud  buiU  at  :i41->  C,  (4tf5.80  F.). 

Xylic  acid  (1:2:  4)^  and  paraxylic  acid  (1:3:  4),  arn  formed, 
togpthcr  with  bihaiiioiyMdic  acid,  C^,HJ(CII,).(C'0,^),,  by  oxidizing  puiMido- 
cumi'ne  (p.  819)  with  dilute  iiitrii)  aciil  at  tho  boiling  heat.  At  th«  ynd 
of  the  reaction  a  crystallini?  mass  ^epar.itt^s,  and  on  repeatedly  l>oiling 
this  mass  with  wstpr,  xylic  and  paraxylic  adds  pass  ovr,  while  xylidio 
acid  and  nitrn-acids  remain  behind.  The  xylic  and  paraxylic  acidn  ar« 
separAted  by  the  different  solubility  of  their  calcium  salts,  tho  xylato 
being  the  more  soluble  of  the  two.  Both  acids  crystallize  in  prisms, 
xylic  acid  melting  at  12lP  C.(258.80  p.),  paraxylic  acid  at  1630  c.  (326.40 
F.).  Xylic  acid  is  more  soluble  in  water  than  paraxylic  acid.  Both  acids 
dissolve  easily  in  alcohol. 

Atphaiylic  acid,  C,H4(CH,).ri[j.CnjII,  is  obtained  by  boiling 
xylj'l  chloride  with  potassium  cynni<le  (whereby  xylyl  cyanide,  C,(I!,CN, 
la  produced),  and  then  with  potash.  It  orystalUzos  iu  broad  netnlles, 
hnving  a  satiny  lustrti,  easily  soluble  in  water,  and  boiling  at  42^0. 
(107.GOF.). 

Ethyl-benxoio  aoid,  C.H,(C,Hj).CO.H  (I  :  4).  obtained  by  oxida- 
tion of  iMira-dlrthylbenzene  witb  nitric  aeiff,  and  from  bromethylbenzeno 
by  the  action  of  Na  andCO.j,  orystallizes  from  hot  water  in  sb-nder  lamina 
melting  at  IKP  C.  (230OK.),  and  easily  subliming.  By  oxidation  it  yields 
terepbthalio  aoid. 

Hydrooinnamio,  Phony Ipropionio,  or  Homotolnic  acid, 
C,Hj.CIIj.CH-.CO,H,  is  formed  by  the  action  of  so<lium-amalgara,  or  of 
very  strong  hydrir»dio  aoid  at  10<)O,  on  cinnainio  acid,  C,Hj.CH_CH.CO,U, 
also  liy  hi'alirig  ohIiireth^l-l»enzen.»,  r^lis.rn,.ril,Cl  (p.  S27).  with  potas- 
sium cyanide,  and  boiling  the  r>«uUing  nilril  with  potjtsh.  It  crystallizes 
in  slender  needles,  easily  soluble  iu  hut  water  and  in  alnobol,  melts  at  47^ 
C.  (llfl.eo  p.),  an<1  'iistils  without  d.w>mpoaitlon  at  ifefO  C.  (5.360  P.)- 
By  oxidation  it  yields  bt^nzoio  acid.  Hoatt«i  to  1G()0  C  (320O  p.)  with 
brnuiine,  it  is  r«convert*jd  into  cinnaniie  acid  :  C-HigO,  -|-  Br,  ^  2UBr  -f- 
C.H.O,. 
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tning  doubtless  fonnod  by  oxidation  of  ciiinyt  alcohol  or  AtyroDo,  C,H|oO 
(p.  liS6),  liktJwiHe  cuutaio«d  tliert'in.  It  U  eauily  prepared  by  mixing  ptiU 
Terixed  Tnlu  baUam  with  au  «iual  weight  of  Hlukv4l  liiue,  filtering  hut,  and 
deoompo^ing  ihecaloiuuiduaamule,  which  cryiitallizt;»  out  mi  couliiig,  with 
IsydnK-iiloric  acid.     The  mothrr-liquid  contains  ituU-iuut  bfn£(kat«. 

Cinuamic  acid  orysLallizes  from  hot  waliT  iu  HhtncU'r  ni*e<llcti,  from  mloo- 
l^\  in  thick  priitius.  It  is  iuuiiuruuH,  melU  at  VS3P  C.  (jSil.>^  F.),  and 
itilfl  almoiit  without  diHumijHMitiou  at  Z^{i^  C.  (,&MP  F.)<  U  is  luiiuh  bws 
)lublu  in  wattir  than  benzoic  arid,  but  dissoWai  easily  in  alcohol.  It  is 
oxidized  by  nitric  acid  to  benxoio  acid  and  benzoic  aldehyde  ;  by  chromic 
ftcid  chit'fly  to  benxoio  acid.  By  fuaioii  with  exctisa  of  potuhit  ia  resolyed 
rinto  bonzoio  and  aoutio  auidii : 

le  decomposition  Iwing  preci9«ly  analogona  to  that  of  an  acid  of  the 
^•orylio  Hnries  into  two  acids  of  thft  fatty  series  (p.  715),  By  dialillation 
with  llm»  or  tuLryta,  and  parity  al»o  when  ditttillud  alone,  it  ia  resolved 
into  oarbim  dioxide  and  tiuniimene,  C,ll|  (p.  821). 

The  motallic  cinnanuiiefl,  CgHyMO,  (for  monatemio  metals),  are  very  mach 
like  lh<i  lK'nzoatL«. 

EtAyl  Cinnttmate,  C«H^O,.C,Hj,  obta{nt>d  by  pAjising  gaAfv>tis  hydrogen 
chloride  into  a  aolution  of  cinuamiu  acid  iu  abuolule  alcohol,  la  a  liquid 
boiling  at  2(S70  C.  (512.(P). 

Benzol  CtHnumate  or  CiniiamtHMf  Q^U^O^.C^U^,  Ifl  contained  in  Pern  and 
Tolu  balsams,  in  small  quantity  ali^o  in  Klorax,  and  may  be  formt'd  artifi- 
cially by  heating  sodium  oiuuamato  with  Nmiyl  chloride.  It  orystallixea 
In  shining  prisms  melting  at  3ttO  C.  (102.2^  K.),  di»tilllug  without  de<K)m- 
position  only  under  ruduct^d  pressure. 

Cinntfl  Vinuaintite  or  .S/yniri'n,  C,H,0,.C,H^  oocnrB,  together  with  elnn^ 
mune,  in  liquid  atorax  (whioh  exudes  from  Styi-ax  caiamitQ^  a  fihrub  grow* 
ing  in  GriMH-e  and  Asia  Minor),  and  may  V»e  obtained  therefrom  by  distil- 
ling the  balsam  to  expel  the  cinnamene,  then  boiling  it  with  aqueona 
aoilium  oarlunate  to  remove  free  ciunamiu  acid,  and  kneading  the  spongy 
residue  butweitn  the  fingers.  The  styracin  then  rnns  out  as  an  oily  litjuid, 
and  may  be  obtained  in  tufts  of  prisuut  by  crystallization  from  nlcoliol. 
By  distillation  with  potiwh  it  is  resolved  into  ciunyl  ur  utyryl  alt'ohul, 
C,ll,pO,  and  uinnamio  acid. 

AdJition-pnxiuti*  nf  Ctnnamic  Arid. — TJiia  acid,  like  other  unsaturated 
comp«:puniU,  can  take  up  H,,  HBr.  ClOH,  €'to. ;  thus  it  U  ooorerled  hy  ao- 
dium-amalgam  into  hydrouioaamic  aoid,  C^BiqO,  (p.  005). 

Clnnamic  Di  brom id  e,  C^H«BrjOj  =  r.Hj.CT!Br.CHBr.CO,n,  formed 
by  the  aution  of  bromino  vnp<)r  on  einnamic  or  on  hydrocinnamiu  Aoid, 
oryslallizes  from  alcohol  ]n  rhombiQ  lnminfl>,  melting,  with  deoomposltion, 
at  about  19i^O  c.  (3830  F.).  By  boiling  with  water  it  is  resolved  into 
raonohrnnim'innamene  and  pheny IbromolAotio  aeid,  C^H^.CHBr. 
CHCOH).CO,H. 

Tht.4  last  mentioned  acid  la  also  formed  by  dlraot  addition  of  BrHO  to 
oinnamic  acid,  and  pheny l-oh  lorolaotio  aoid  in  like  manner  by 
ad'lition  of  ClOH.  Both  these  acids  are  converted,  by  heating  with  alco- 
holic ]>ntAah,  into  phiinyloxyaorylic  or  oxycinnamic  acid, 
CgII^.CIl~C(OU).CO^H,  whi^h  separates  from  ita  solta  as  an  oil,  solidifying 
in  shiniug  lamins,  and  deoompos<.*d  by  heat. 

StUutitution-ftroHurtM. — Tinnamlo  dibromide  heated  with  alcoholic  potash 
yieldi  two  isomeric  monobroraoc  innaraiu  acids,  viz.  : 

C,Hj.CH=CBr.CO,H  C,Hj.CBr:rCH.CO,H 
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■alu  whirfa  crynUlhie  rradily  :  tK 

^ns«  deliqaMHwnt  salla.     i 

Tvrtvd  by  «odiaiii-«m«l(p»m  n 

bjr  dUtllUtkm,  or  by  h<f»tutg  "nu  u.yan.-iK-  a,  j.t. 

Two  oUrociiinftmic  ftclds    (ortAo- ■.ml /wrff-)  aro  foniMid  by 
Bilraliun.  and  may  bt»  MpJirau**!  by  tl»o  diiriTftit  froluttitititrs  of  th.ir  «l 
etbrm  U\  <»4J  alcohol,  th**  ^i-»-..iup«mittl    lN*ing    nearly-   iiid<iIublo. 
«»ooaipontui  twilu  at  2320  C.   (44l>.tP   F.>.    tbt<  /»-<«oinpoaod  «t 
(ft09O  V.)>     B4>th  ar«  oonvarUni  by  cbruouo  acid  into  tbe  corrMpondtq 
Bilrobsoaoio  auida* 


Th«  following  bomolcigvet  of  oinnamic  acid  Cw^bieh  caDxiot  her« 
ftcrlbtil)  ATv  farmed  by  heating  bctuoio  and  camitr  alfi«<brd4«  with  tl 

dliiin   salt   of  a  fatty   n^i.^     i'  M    D^,   and    the  o-rr- 'i  .   _       .  v     j, 

((•,H^_iO),0,  *(.«;.,  i.li  i>    juNd  fr«»m  U-i 

propionate',  attd  propi«i:i .  ,,ii«— tlu»  intMle  ni  ; 

•aalofooa  to  ttiat  of  oinuamiu  acid  from  C^UgO  and  CiH^Ug  (p.  V06): 

Ati4M  ftvm  Bmsoie  At4€hii^.  |  ah^m  yvA».  rw— ^^  JMrty^r. 

PhcnyltTOUinio  ...  *  C„H,gO| '  Ctim*'nyl.at?ri*!i«i  .  ,  ,  C. 
Ijwphcnrlcrolouio  .  .  .  C,qH„0,  i  Cmut-nylHrnftonic  .  .  .  C^, 
PbcDyl-angvlia  ....    C,iHi,0|  I  Cumrtiyl-angoJio     ,     ,     .     c,J 

An  IflopTteiiytcrotonIo  acid  u  formed  by  the  action  of  cnocmio  anbydrkb 
and  todium  succinate)  on  b«nsoio  ald«hrde : 


CAOb    + 


CO,    +     C|^H„0,  , 


Sodlam-amalgam  convcrU  these  acidainto  aoidsof  the  feriea  C.E^^i 

i.  y.,  hydrvHjiimenylacrylic,  C^Hj^O,.* 


* 


^ 


AtTOplo   and  Isatroplo   Aotda,  isomeric  with    oinnamio   aoid» 
(brmod  stmaltaneoutdy  from  tropic  acid  (p.  930),  by  boiling  with 
wat«r  or  hydroohlorio  acid  ;  C',H|oO,  —  H,0  ■=  C,H,0,. 

Atroplo  Acid,  the  cbiof  pnxluct  formed  when  barytaia  used, 
tallisns  from  hot  wiit4*r  in  monoctiuio  plates,  slightly  soluble  in  cold  wi 
molting  at  lOti.&o  c.  ('2*23.70  P.).  It  i^  oxidized  by  chromic  acid  mUtI 
to  l»i>ntuiu  iicid  ;  converted  by  sndium-nnialgam  into  bydroatropio 
(p.  9<><i);  and  rtMHtlrwl  by  fusion  with  jiotiish  into  alphaloluic  acid,  C^Hj^ 
CHf.CO,|i,  and  fonuic  acid,  whereas  eiunamic  acid  similarly  treated  yieidi 
benxoic  and  acetic  acida  ;  lienee  it  ap[x<Ara  that  atropic  acid  is  related  to 
cinnaniio  acid  in  tht5  same  manner  as  mi-thacrylie  to  Holid  crotouic  acid 
Cp.  716): 

CH,— CH3CH— CO,H  CH,~C(CIIa)(CO- 

CrotODlo.  Methaerj-llc. 

C.Hj-^-CFiUCH— CO,H  CH>rr(C.H,>(CO, 


Clnnamlc 


Atroplo. 


•  i*  e  r  1l  1 B I  Ohem.  Soc.  Journal,  IVHt  ^ 
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IsAtropio  acid,  probably  a  polymeric  in<Mliflcation,  is  the  chief  pro- 
duct ubliiiiu.Hl  by  healing  tropiu  acid  with  hydruchlorio  acid  to  14(P  C. 
(l!84'^  ?.)•  It  furiui*  tliiii  laiulu»,  very  slightly  soluble  lu  watvr,  uiulltt  at 
20UO  C.  (3^2=^  K.);  dot*  uol  unite  with  naficent  hydrogen. 


A  Olds.  C.Hj^jO,:— 

Pheny  l-propiolic  acid,  CjH.O^ssCBHa — r^C—TO,!!,  f«  formed 
1.  By  boiling  «-broiauL'iunaniio  acid  with    alcohulic   putiuth.     2.  By  the 
action  of  Nn  and  CO,  on  ■-bromfH'innamtrne,  C^Uj — CjUjCU-l-CHBr.     3. 
By  tho   action  of  COg  on   sodtum-aoutouylbtinsene   (p.  6^)   dissolved   In 
ethur : 


:^CNa     +     CO,    =     CgHj- 


C— CO^a. 


It  orvfttnUizt's  fhmi  hot  wattr  in  long  shining  nof-dlea  ;  Tnt^ltu  anH  fltiblintAS 
at  l"aiiO-j:no  C.  (27«.80-278.(iO  p.);  melts  und«r  watvr  at  SliO  C.  (I7t>ci 
F.)'  11  l8  oxidired  by  chromic  acid  mixture  to  bfnisoii:  ncid  ;  converted 
hy  HiKjium-amalgam  into  hydrociiiiiainic  acid  ;  roBolved  by  heating  with 
wat.?r  to  120^  C.  (24&0  F.)  into  CO,  ajid  phenyl -acety I t-ne,  C,Hi.C*^i'H 
(p.  H22>. 

Homologous  with  pheny  l-propiolic  acid  are  the  following  acids  formt»d 
frtMU  cinriAiuic  aldfhyde,  C,U|0,  by  tho  aotioD  of  tho  anhydrides  and 
■odium  salts  of  fatty  acids,  viz.  :— 


Cinnamenyl-ftcrylifl  atid 
Cinnamenyl-crotonic  acid 
C'innanienyl-angelio  add 


CnHioO, 


MOXOBAfllO  A5D  DIATOmC  ACIDfl. 


(1)    ^J^T^^Sr    O'    C.H, 


/OH 

t  CO,H  ' 


Thfst*  arriTnalio  oxy-acids,  lilce  tlio  corresponding  acids  of  the  fatty  bpHp* 
(tht>  lactic  aoida).  exhibit  alcoholic  as  well  as  acid  characters.  In  contact 
witli  curbunutea  they  givo  up  only  the  hydrogen-atom  of  the  CO^U  group 
in  eXf.hange  for  a  metal  (forndng  neutral  SAtts),  but  when  acted  npon  by 
strong  free  Itases  (cftustio  alkalioa),  thoy  likewise  exchange  tho  hydrogen 
of  the  hydroxyl-group  (the  aloohoHu  or  phenolic  hydrogen)  for  metals, 
forming  so-called  basic  salts,  f.r;.,  OjlI,(ONtt)(CO.NA).  These,  like  the 
metalHo  derivatives  of  the  phenols,  are  deoomposea  fay  carbouic  acid,  and 
converted  int*»  nentraj  salts. 

The  nromatic  oxy-Aciris  are.  formed  from  the  halogen-derivatives  of  ben- 
zoic aoid  nnrl  its  homolognes,  and  from  tho  snlpho-acids,  by  fusion  with 
nlknlii's;  from  the  amido-^ierivativea  of  the  same  aciHs  by  the  action  of 
nitrons  acid ;  and  from  the  phenols  by  the  action  of  sodium  and  carbon 
dioxide. 


Oz7benzolc   Acids.  r,n,0,  sa  r,n,(OH).fX>,H. 

1.   OKTiio-oxYBEsaoiu  or  Salicti.1L'  Acid  (1  :  2)  is  formed; 
(1)  By  heating  sodium  phenato  in  a  strejim  of  carb^m  dioxide, 
distining  over,  while  diaodinm  aalioylato  remains  behind  : 


phenol 


2C,H40N*    -f     CO, 


CjH^ONa.COjNa    4-     C.HjOH 
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TKi»  rf*ntii>ii  lAk«  placv  <!>v#>n   bolow    IfKlO.  but   prM«c4« 
twtwc^n    \1*^  »na   18t>^C'.  {Xi^^  nii-i  X'i*!-'  K.>,  anr!  rwp  on 
war  up  lo  *MI0  r,  (673:'  F.).  «  whioli    i 
b(*){inH  l«  diHXHwtxKMf.     Th«  prowva  in 
oylic  »oi<l  •»!  "       '"' " 

OftrUill  lllo«^ 

fiiim  siilioylAi.       -,         ^  ,  -'- 

Itomt-rir   parKoxylM'TiioAM  ia  Iikowisc  produo«xl,  i 

M  iht*  U'liipcrftturt'  rm»^,  ami  UHwroinj;  tU*-  8<>le  j-; 

P.).     MoiioiM>tA««iiiin  MAlicylate  is  decompcMiMl  intltc»»Mui«  niAiinflr 

(42KO  K.>«  yi*'l<lmg  k  dtstiltato  of  pheuol  and  a  residue  of  dipot 

paraoxyWnioaU : 

2((:,H/on).CO,K)     =    C,n.(OK).CO,K     +     CHftOH     + 

will  tho  mnnnftiidinm  sail  nndtT^covs  ft  Bimllar  deooxupoaition,  yU 
howevar,  not  p&rauxjrbeiuitatp,  bul  salioylftte  of  sodium. 
Oi)  Hy  oxidation  of  salicylic  iilileliydo  or  of  daligtmiu  (p.  SS4), 
(ll)  By  the  ooUoii  of  uilrutu  ftuid  on  (1  :  2)  AmJdubeu&>iu  (ui) 
Acid: 


C,R/NH,).00,H     -f     NO.OH 


C|H.(0H).CO,U     4-     N- 


+ 
2)  lolai 


(4)    By  fusing  (1  :  S)  ohloro-  or  broraobonxoio  acid,  «r  <1 

snlpUonto  hc\i\  with  alknlitta. 

(?')  Tu;;etbur  with  xctfiiu  jtcid,  b;  beftUngr  ooumaric  acid  with  potassiott 

hyilroxitle: 

C,»,0,    +    2H,0    »    C,H,0,    +     C^.O,    4-     H, 

Saltcylio  acid  oc<nirii  in  thA  rre«  statti  !n  the  flowprs  of  TneAdow-«viNl 
{Spirrea  ulmaria)^  ^nd  as  a  methylio  ethiT  iu  oil  of  wiutt-r-g^reen  (iJm 
prtKumh€M),  from  which  tl  may  be  obtained  by  diflliltation  with  i.M>tasl 

Satioylic  afiid  orystallizes  from   its  olcnhoUo  solution    by  spi.iuUi] 
evaporation  in  lar^e  luououUiiio  prtttuitt.     It  rM{uir(<!i  aliuut  iHCli  pari 
onlrl  walur  to  dii^Hitlvt*  it,  hut  is  miicli  more  sulublo  in  hot  wat«r  i 
ali'o;iot.     Its  aqu'wus  solutioQ  jmpHrta  a  dmip  violet  color  to  ferric 
It  melU  at  15^0-1560  C.  (:niO-;U--;.wO  F.).  gives  otf  phenol  at  a  h)| 
tompi'raturo,  and  when  heated  with  pounded  glass  or  quick-lime,  is 
plutuly  r**s>dved  into  carbon  dioxide  and  pIi>-iiol.      It  is  fiiBtingui.siitHl  friua 
both  itri  isomendt>>s  by  its  beliavior  with  ferric  salts,  its  very  »Ii;;ht  soJa- 
bllity  in  water,  aad  its  lower  molting  point.     It  in  a  rery  powerfai  auU- 
Beptio. 

Btuie  Bftrium  aalicylate^  C|H^<^Q«^Ba4-  2U,0,  Boparatri)  in  aparii 

ftOltiMe  Uminc  on  boiling  Halicylin  arid  with  baryta-wator,  both  Iho 
droxylie  hydro^ftni-atoms  being  replaced  by  barium.     The  6ti«(c  en/ciujn i 
ia  formed  in  a  similar  manner,  and  fw^parales  as  an  insoluble  powdtT. 
reaction  affords  anotbor  distinction  between  salicylic  acid  and  its  i8< 
ridi««.  

Hatogcn-dnritxitu^a  o/"  SnUr^lir  arid  are  easily  formed  by  the  direct  action 
of  bromine  aud  chlorine  ;  nlso  of  iodine,  in  presenoe  of  HgO  or  JO,U.  Bj 
nitration  salicylic  aeid  yieldn  thn***  nitrn-ncids.  ^ 

Salicylic  chloride,  CjHtCl.ro.Cl,  formfd  by  th^  action  of  P( 
the  acid,  is  an  oil  which  IwiU  at  24UO  C,  (41>40  F.),  and  is  oonvcric»d 
hot  water  into  o-chlorobenzoic  acid. 

Salicylic  anhydride  or  Salioylide,  C,ll,<ff>  ,    formed    by 

the  action  of  i'CI/>  on  salioylic  acid,  orystalUies  in  ahiuiag  aeoAli 


auu- 

I 

bction 

i«*d  ^n 
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ilrefl  sparingly  in  water,  and  ia  Teconverted  by  alkalioa  into  aalicvUc 

Salicyl  amide,  CgH/OH).CO.NHj,  formed  by  hwatiiig  Hminoniam 
aalicylatv,  or  by  the  aotum  of  ammnnin  on  ftalioylic  ethorti  fortod  sparingly 
BolublH  lauiius'nit'Uiog  al  1820  C.  (20».fiO  F.)> 

Salioylic  ethers  are  furiutrd  by  pasiiiiig  )i;aaeoiu  hydrogen  uhlorido 
into  th<!  snlutioiitt  of  Halicylic  ai^id  in  the  corn^ponding  alcnhoU.  Tho 
mpnnmethjflic  etkety  C,H,(0I1).C0,CH,,  is  thu  chief  L-oimtituvnt  of  winttrr- 
green  nil.  It  is  a  fragrant  liquid  of  Bpecifio  grarity  1.197  at  OO,  boiling 
at  234°  C.  (435. 20  F.).  colored  violet  by  ferric  chloride.  The  monc/Ay/ic 
tihcr  boils  at  21:10  C.  (4^9.8^  F.)- 

Th»>  tlimrthtflic  rikrr,  CgH4(0CHj).C0,CHj,  an  oil  boiling  at  S4oO  0.  (4640 
F.),  is  foniK'd  by  heating  thu  mouomethylio  ether  with  aioohoUo  potash 
and  uietliyl  oxide : 

C,H/OK).CO,CH,     +     CHal     =     KI     -f     C.H,(OCHj).CO,CH,, 

This  ether,  juiponified  with  potanh,  yields  methyl  alcohol  and  methyl- 
aalicylic  aoid,  CQH|((K*il,).<X>,ll,  vhich  forms  large  tabular  crystals, 
melting  at  980  c.  (*J<i8.40  F.),  easily  soliiljlf  in  hot  water  and  alouhol,  rc- 
aolvwl  at  2000  C.  (31tLO  F.)  into  ('O,  and  anisol,  C.Uj.OC^U,. 

IMethyl  salictfiate  and  eihtfUalicylic  acid  aro  formed  in  like  manner  ;  the 
latter  melts  at  l».50  c.  (liV.lo  p.),  Ami  is  resolved  at  300O  c.  (o720  F.) 
into  CO.,  and  phenetol,  C^H^.O.CjHs. 

Acetyl  talicytk  acid^  C,H,(t).C,H,0).CO3H,  formwl  by  the  action  gf  acetyl 
chloride  od  Kalicylio  acid,  oryntallizea  in  slontler  needles. 

Mbta-oxvbkmxoic  Acid,  C,H,(OH).C05H  (1  :  3),  ordinary  oxybunioio 
acid,  is  formed  by  the  action  of  nitrous  acid  on  niotaniidolienzoio  acid,  and 
by  fusing  metabromo-,  Indo-,  or  sulpho-bcnioic  aoid  with  potash.  It  ia 
sparingly  tioliible  in  cold  water  and  alcohol,  uaaily  In  the  same  liquids 
when  hot,  and  Sf-paratt's  on  cooling  as  a  crystalline  powder.  It  nielu  at 
2flliO  C.  (3D20  K.)t  sublimes  undeci-'mpoaed,  and  ih  ait(»gether  more  ratable 
than  either  of  its  iBomerideit,  U'ing  resolved  into  (.'<!,  and  phenol  only  by 
distillation  with  lime.  It  ia  not  calored  by  ferrio  chloride,  lis  rtUylxc  rthtr, 
^\lI<('^Il)-'^'tMV's»  cryetnlliiua  in  plates,  ditisnlves  in  hot  water*  melts  at 
T-'O  c.  (Ifil.dO  1?.),  and  IxiiU  at  SSlK)  C.  (53(JO  |.*.).  The  dimflhitfir  ethers 
C«U4COCH3).COj.CH.,  U  formed  by  heating  the  acid  with  CHjI  and  KOH  to 
14liO^  nnd  converted  by  b*iilinp  with  potash  into  mtihytoxtfbentoir  add, 
C^H^(OCH,).{'OjH,  wliirh  crystallires  in  long  needlirs,  disHolves  easily  in 
hot  water,  molts  at  llHiO,  and  sublimes  undecomposed. 

PARA-oxYBR?irotc  Acin.  rjH,(On).CO,H  (1  ;  4),  is  formed,  as  above  men- 
tioned, by  heating  potassium  phenate  in  a  slreani  of  rarl>on  dioxide  ;  also 
from  (1  :  4)  chloro-»  bromo-,  iodo-,  and  sulplut-ltenzoio  acid,  and  from 
various  resins,  by  fuRion  with  potusinm  hydroxide ;  by  the  action  of 
nitrous  acid  on  paramidolwnxoio  acid  ;  and  by  heating  anlsio  (tnethyl- 
]>nr.-iuxyl>eHioic)  arid  with  strong  liydri<MUo  add:  CtH5(CH,)0j  +  III  ^ 
t'H^[  4^  (tTrlljOj.  It  is  ranrc  soluble  in  cold  water  than  metaoxyh^'nioic  or 
salicylio  acid,  dissolving  in  12B  parts  of  water  at  I-'jC  C.  (590  p.)  ;  from  a 
Jiot  flolution  it  crvBtftllizes  in  small  distinct  mono<'linic  prisms,  cunlaining 
1  mol.  H.jO»  lu  solution  forms,  with  ferrir  chloride,  a  yellow  p-ecipitato 
insoluble  in  excess,  withnat  violet  cftloratioa.  hi  the  anhydrous  state  it 
melu  at  2l(>oc.  (4100  F-),  with  partial  resolution  into  CO,  and  phenol. 

lU  basic  Imrium  salt.  C,H|<^^  }>B*»  «  insoluble,  and  affords  the  means 

of  separating  paraoxybenxoio  aoid  from  the  meta'Sold. 


.Al 


I 


< 
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Monomethiflic  paraor}^n*zoatt  forms  large  tabnl&r  crystaU  m«lU  at 
(iJli.tiO  K.),  and  Ix.iifi  at  li«30  C.  (541.40  K.)-  Tb^f  rrAu/.c  rf^er  melU  a 
0.  (^35.40  F.),  &"ii  t»rtls  at  alwut  297°  C.  (6«6.tJO  F.>. 

Hethyl-parA(»xylM;n»>ic  atid  Kthyl-pfLrooxybouzuio  acEd«  are  prvM 
thu  somu  uianner  aji  tbt'  urtbo-  aud  ui<*La-ooiupouiids. 

J/e  th»i-pitraoj:tfbrmuic  or  .*!  «  1 »  /c  arid ,  ^e^iC^^Ra)  -^ 
a1»»  produoNi  b,r  oxidation  of  aniHaldtiliydo  and  anethol  Cp.  8^5)— 
crude  oils  uf  aniBe,  feuiiel,  and  tarragon,  which  contain  anctliol 
nitric  acid  or  chromic  acid  mixture.  The  auotbol  u  first 
aniaaldchjrdti : 


convert^ 


Aitettiol. 


Aqik- 
aldftiyde. 


c-ii,o. 


-h      HtO\ 


and  the  aldeh/de  is  aft«rwards  oxidized  to  anieio  acid.  Anisieacid 
prmiuced  by  oxidation  of  mftthyl-paracrcsol,  <'»H|<UCH3).CH-- 

Aiii^iu  acid  uryHtalliztM  fn>m  hot  water  iu  lung  ni^edles,  from 
rhoiiihic  prisms  ;  lutlLs  at  l.S30(*.  <3iJ1.40  F.)'.  i*ul'limf^  and  boils 
docompo»ttif»n  nt  28:io  C.  (541.40  F.)-     l*y  heatinji  with   lini*:-  or  I 
is  rt'snlved  into  CO,  and    auisol,  C.Hj.O.CH,.      Hcatvti  with    HCI 
it  yiutdb  paraoxybttuzoio  acid,     ita  salts  arc  easily  solublt)   in  watd 
orystallizt*  well. 

With  the  halogons  and  with  nitric  acid,  anisic  acid  readilv'  rieldl 
stitution-produutti,  which  aru  couvortud  by  distillation  with  barv 
sub&tituttxl  autiiuls.      By   the   successive  action    of    fuming    nitri 
aikL    ammouift,   anisic  acid    is   converted    into     chrysuuisic 
C,H3(N0a),(NH,).C0,U  (p.  900). 

A  Olds.   C,ll«0,  =  C,H,<^5^jj 

1.  Crbsotic  or  OrrroLcic  Acids,  C^lfjCCII^  <7,?  „  .- — Thn 

acids  are  formed  by  the  action  of  Na  aud  CO,  on  the  three  isotuerio 
(p.  8b'U)  : 

C,H4(CH|)0H    +     CO,    =    CjH,(CH^(0H)(CO,n) 

They  cryslallixe  in  noodles,  dissolve  in  hot  water,  and  ar«  wlored  rfol 
ferric  chlorirW^  The  acid  from  o-i-n*sol  melts  at  I  Sil^^l  64©  C.  (321 
327.20  F.)  :  that  from  »i-crcsol  at  IHO  C.  (237.20  F.)  ;  that  Cram  n^ 
at  150OC.  (30-JOF.). 

A  fourth  oxytoluic  acid  ia  obtained  fh)m  aulphotolnic  arid  (frrtm 
phor-thiocymcne)  by  fusion  with  potash  ;  it  melts  at  203^  C»  (307.40 
ami  is  not  color«;d  by  ferric  chloride. 

formal 

iMiiling  bitter  almond  oil  for  30-36  honrs  with  hydrocyanic  and  1^ 
chloric  acids 

C.Hb.CHO    +     CNH     4-     2H,0     =     NH,     -f     C,H,.CH0H.CO^ 

also  by  hpntinj;  amrRdalin  (soe  QtrnosmFs)  with  hydrochloric  acid 
crystallizes  in  prisms  or  tahle«,  paally  soluble  in  water,  alcohol,  and  ct] 
malting  at  ll&O  c.  (23i>o  K.).     By  oxidiziuR  agnnls  it  is  conrcrtwl 
iMMizoir   acid;    by  hydrimlio  acid    into   alpliatoltiic   (phenyla«*Uc)  a 
With  Hnr  it  yi*?lds  itkmylhromacHic  acid,  C,IJj.ClIBr.CO,II.*aad 
the  oorres|>onding  chlorinated  acid. 


2.  Maxdrmc  or  Phbxtloi.tcoluc  Acn>,  CaHj.CH<^,(j   jj  ,  1» 
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1.  UxYMBUJTTUi»ic  AciD,  C,H,(Cng)j^J{(j  „  ,  form«l  by  beating  m«U 

tjrK*n*«ulphonlo  acid  wilU  jHitash  to  S40CL_a63O  C.  (4(t4Cu4&20  K.),  rrys- 
UUixoa  from  aloohol  in  Bilkjr  iieedles.  melU  at  170O  C-  (WH.&o  K.).  aii'i 
■ublimi*^  in  Inn^  (Int  nt'tHllt^,  lU  aolutioim  ontl  xUosv  of  ita  saltn  aro 
ooloretl  dark  blue  b/  ferric  ulUoride. 

2.  HTDHOcot'MABicor  MEiJtoTic  Arm,  r,n,<^^.jj    ^^jj    ^q  |^   (1  :  2),  oo- 

ears  in  the  yi^llow  mnlUtot,  and  is  fonnud  by  tbtt  acliou  of  itoditim  on  con* 
mivrin  (p.  914)  and  fiouinaric  acid:  L\U,1\  (ooumarin)  -\-  11,0  -f*  ^-^ 
C,ll,oO,.  It  cry3talli*.>a  in  long  newllt^  luelting  at  82°  C.  (171>.60F.). 
lt«  solutioa  19  ooLored  bluish  by  ferric  clilurid^.     By  distillation  it  is  oon- 

v«rl«d  into  tb«  anhydride,  C,U,0,  cb  C.H^k^^'Jj  ^  ,  which  melu  at  26° 

C,  (77'^  ?■)•  I^y  fusion  with  potash,  inrlilolic  acid  ia  resolvotl  into  acetic 
and  DUlioylio  add,  and  is  lUervforu  an  ortbo-diderirativo  of  beuxt.'De. 

3.  Utoropabagocvabio  Aoro,  CjHj^V...    --,„   „«  ,.  (1  :  4),  is  prodooed 

by  tht)  action  of  srHliiiin-nmolt^am  ou  paraooamArio  arid,  and  of  nitroas 
avid  on  parM-iiiuid<x<innnuiic  acid.  It  fornia  sninll  niuniK-linir  crystals, 
eaaily  soluble  in  water,  alcohol,  and  ether  ;  melting  at  VlbO  C.  (^7^  F.). 
By  fusion  with  poiaHb  it  yiulds  para-ozybvusoiu  acid. 

4.  PiiiAiHRTir  Acid,  *^J^<Cr|IfCH  KCO  U)  ^^  '  ■*^'  *"  ^o""^*^*  togotber 
with  pbloroglucin,  by  heating  phlorctin  with  potwih-lyo  : 

c,»u,A    +    ii,o    =    C.H„0,    -f    C.H.O.; 

also  by  the  action  of  soilium  and  CO,  on  phlorol,  CJI^on  (p.  871).  It 
cryatallizua  in  long  pri»ias,  easily  soluble  in  hot  wat»*r,  molting  at  12iK>C. 
(2ti4.20y.^.  Kerrhi  ohlorido  ooiora  its  solution  green.  By  heating  with 
baryta  it  is  reaolvod  into  CO,  and  pblunil ;  by  fusion  with  potash  into 
acetic  and  pAroxybeuxoio  acids.  MeUiytyhlorftic  tuid  is  converted  by  oxida- 
tion into  auislo  aoid. 

B.  Tkopic  Acid,  Cjllj.CH^/.,  ',,       ,  Himj/l^hiftlracryUc  aritlj  formeii  from 

cropine  by  lH>iliiig  witli  bydrwlilorio  acid  or  with  baryta-water,  crysLil- 
llz*"^*  in  ttlimder  prUms  malting  at  1170  ('.  (242.()0  K.).  lly  Iniij^  boiling 
with  baryta  it  Is  oonverleil  into  atropic  and  isutroplc  aolds  (p.  fi33),  which 
by  oxidation  yioM  Iwiuoiu  aoid.  "Nipio  aoid  ia  thtfrefortf  a  monoderiraUve 
of  benxeno. 

■  6.  Fhbxtl-lactic  Acid,  C,H4.CH,.CH<^jj  ,  Pbenyl-chlorolaotio  acid, 

X,H,.CnCl.CnCOH)(COjn),  formM  by  addition  ofnoil  to  cinnamir  acid. 
CjUj.CIl—Cn.dOjII,  and  pbenyl-bromnlactic  acid,  formed  bv  Ixiiling  cln- 
n.imic  dibromit^,  CjUj.rilRr.rilBr.COjH,  with  wntt-r  (p.  !»07),  are  both 
converted  by  S'xlium  amalgam  into  phenyl-lactic  acid.  Tliis  acid  crystal- 
lizes in  concpntrir  proups  of  nee^Uea.  rerV  solnble  in  hot  water,  melting  at 
940  C.  (201.20  K.).  At  ISO-J  C.  (35GO  F.)  it  decompoaea  into  water  and 
cinnamic  aoid.     When  quickly  heated  it  yields  oinnamvnc  : 

c,H4.CH,.rH(OH)(cOjn)eaCo,  +  H,o+C4Hj.cH— cn,. 

itod  with   coneentrat(Hl  hnln'id  acids  it  pxcbangf»n  Ita  bydrojcyl-gronp 
halo(;cn  •deinetitfl.  yielding  subatitnted    phenyl-propionic  acids,  «.(;., 
l,.CH,.rHBr.ro,n  (p.  005). 
77 
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T9r •»{•*.  C,HuNO,.  probably  C,n,<[?'{,^^jj,j^^  ^^ 

'         *     '   ..fnifMiriuXtUlit  .  •'.-., 

jiTwi.». ,  :a  '.  »"»i*  (;Un— .^..    ...... 

a»  1j',  horu.  Uair,  i«lc., 

Aoid,  i>r  1;  t  >um  WLtli    jtutAsli.      1; 

la  tho  livitr,  B|ilc(!a,  luul  |ka.ttcri«a!t ;   aUu  iu  utti  <:h«rt 

prt^pu-od  by  Imiling  horutthATiugB  wilh  2  p&rts  of  »i 

dllatc<l  with  4  pnrlB  of  waWr  for  ftboul  iiO  boure,  renewing  tbe  v»t<r* 
•va|io»t««.     Tbn  Holutkm  b  ihvn  nMuratoi  with  milk  uf  Iuut,  And  Qj 
tynmittu  ia  proui|itt»ti'tl  from  thi*  eonc<*iitrAtod  fi2tr&t«  \>y  .  I.     " 

Tyn«in«t  U  lunolublc  \u  vlbt-r,  t»lij:liily  tK>liible  in  cold  u  ^ 

bol,  diniwlvw*  ii»  l-'t>  parts  itf  hot  wat'-r     i-,,)  ,  rvst.iUiau-w  il. 
<lrr  nmMllc*.     It  iUiUM)lvea  t-Asity  in    '  ric  lutid,   U 

C,H„NO,.nCl,  which   cryKtalliicB   in  Tho  oqii.-i.-     .  ;  ;ti 

t.vn«inp  Uitltor)  with  niprcuric  nitrntn  yit-Ms  aycHowislt  prvcijntato,  «%H 
w>i»'n   1mi11<hI  with  »lilulu  yi.*llc»w  nitrid  aciri,  iHMWiut^i  *l«rk   roi  ;  this  i« 
Tory  (b'lirato  lt'»i  fi>r  lynmino.     With  eltloriitn  and  lirtnuine  tyroeiae  yiol4 
chlor-  niul  hnmmnil,  (',0^0^  ami  (\Mr/), ,  wilh  nitriu  ruiid  it  yieldd  sut 
ititntton-prodnoii.      Sulphnrle    arid  fliwsoWe*    it,  fonuiog 
w)inAo  Kalta  aro  colored  Tiolrt  by  ferric  cbloridd. 

Tyrtmlno  fused  with  potash  is  r^ulvcKl  into  acetic  acid, 
para-4>xybi>nxoiGamJ.     Hoattnl  to  14(iO  C.  (2H40  K.)  witU  Lydi 
it  yields  phlorul  (p.  871),  togullier  with  CO,  oud  NU, : 

''.".<cfH.(NHOCO,H  +  3H1-C.II.<{?|J,^  +  00,  +  NH.  +  I.. 

Thfwo  rcaoticnut  show  that  tynwine  is  a  para-derivative  of  benseo*,  mi 
taining  the  NU,-group  iti  the  lateral  chain. 

Aeidfl,  C„n,40|. — Two  tsoTOcrlc  acids,  thymotio  and  ei 
I)  r  o  I  i  c ,  hrv  fnrmed  by  the  action  of  aodium  and  CO,  on  thymol  mad  \ 
orol  (p.  871): 

C,U,(OH><^^f^'     4-     CO,    -    C,B,(On)(CO.H)<J>^J 

Tbymotio  acid  forma  long  npedlcs,  very  slightly  aoIohU*  in  t-old  walar' 
mnlUi  at  12l.>^  t'.  (MhO  l>'.),  and  Dubliuivs.  Carvacrutic  iKrid  sublimai  il 
flat  iiiMHllttfl,  multing  at  13^  C.  (273.7C>  F.).  Both  are  oolorod  a  fi&«  blvl 
liy  f^^rric  chloride.  t 

Phenylpropyl-gly oolHc    acid,  ^•^'4<Cci^/ofi\  po  H  '    ^f™*^ 

by  thv  action  of  hydrochloric  nnd  hyrlrocyanio  acids  on  cnmiDol, 
ht^n  in  ftmall  mWU^tt,  iiiLxlcrntt'lv  Bulublo  in  cold  watvr,  Tory  so 
•loohul  and  ether,  multiug  at  ISh^  C.  (310.401^). 


L  it  yieidd  sut 
%    SU]p|n||| 

ly  driod^^H 


<2)   UirSATPRATIltk  ActM,  C^H, 

Coumarlo  nii>l   Paraoonmario   Aolda.  r,,H«0,i 

pompieition  of  oxyoinnamio  or  oxyphenyl-acrylio  ncid. 

Paraoonmarie   aoid  (1  : 4).  prodncod  by  ^'ilinp  «n  a^npon*  i„.lu 
tlon  of  aloes  with  sulphuric  acid,  crysUUlMS  in  colorless,  ahlning.  bj"    " 


■blning.  bctt^ 


OXTSALICTLIO    AOID. 


S15 


t«dlM,  etsiljioluble  in  hot  water  and  in  ftloohol,  mvltlng  at  ITOCujgOOC, 
38Q-3560  y,y,  Hy  nascent  hydrogen  it  la  oonvert^Ml  into  hydrvparacoa- 
iric  Aoid  ;  by  fusion  with  potash,  into  paroxyheuxoic  acid. 
Coumaric  acid  (1  :  2)  owura,  together  with  raelilotio  acid  (p.  930), 
in  tho  yuilow  molilot,  and  in  Faliam  lt*avvs,  ninl  is  inoet  easily  prcpart'd 
Arom  coumarin,  iu  aubydrido,  by  boiiing  with  potoith.  it  cryatallize»  iu 
oolorleiiii  flbiniiii;  prisuut,  eaiiily  Holublo  in  hot  writer  and  alcohol,  mcltiug 
at  195^  C.  (3S;P  F.>.  The  Bolationa  of  it«  alkali-ftnlu  exhibit  a  bright 
groon  fluon.«yuce.  By  noacent  tiydrogen  it  ia  cniivprted  into  melilotlo  acid ; 
by  fusion  with  potash  into  Koliuyliu  and  acetic  acids. 


is  tho 


<»*    Conmarlo    anhydride, 
odoriferauH    principle  of  the 


Conmarln 
^'•^*^*CU  Cll  CO  '  '*  ^^^^  odoriferouB  principle  of  the  Tonka  bean 
Ql>i/tteTyx  odoratii)^  and  of  several  othtir  planta,  as  \trlilotttx  njfirinalis,  Asjtt- 
rufu  otlorata,  and  AHtftoxnntltujft  tnfortUimi.  It  xuay  be  extract^ul  from  llieae 
plants  liy  akvihol,  oiid  (TVBtftllixfK  in  ulenrler,  shining,  eolorloss  ni'edles, 
mWting  at  Gl^  C,  (I02.tN>  F.),  iH.lIlng  iK-lwwn  29(K3  C.  (ftC40  F.)  and  2I»lo, 
and  dislilUiig  without  doc<m>iMmilioii  at  a  hi};hi.T  temiHTatun-.  It  has  a 
fragrant  odor  and  burning  taste;  ia  vt'ry  slightly  ftolublo  in  mid  water, 
nior*>  0olublo  in  hot  water  and  in  alcoliul.  It  disfwlres  in  potajsh-lye,  and  la 
converted  by  long  bt^iling  therewith  into  coumaric  acid.  SiMliuui-unialgaui 
converts  it  Into  nndllotiu  add. 

Coumarin  ia  formed  artilicialty  by  dehydration  uf  aceloaalicylal  (isoraurio 
with  ooumario  acid)  in  tho  aiaiin«r  already  deacrlbcd  (action  of  aoolfo 
anhydride  ou  iiodium-tsulicylal,  p.  890): 


C,llj(C,lI,0)0,  — 


C,H.O,  . 


By  acting  on  Rodium-Ballcylal  fn  like  manner  with  butyric  and  valeric 
anhydridf^,  homologuefl  of  coumarin  are  obtained,  viz.,  butyric  eon- 
mariu,  C,,H,oO,,  and  valeric  conmnrin,  ^iiJJu^r  ^^^^  crystal- 
Use  in  prittniu,  the  former  melting  at  71*^  C.  (159.80  p.),  and  1>oiliiig  at 
297=^  C.  (StiO.tJOF.);  the  Utter  melting  at  .VP  C.  (129.2=  F.),  and  diatil- 
liug  with  partial  decomposition  at  30<P  C.  (5720  F.). 


MOWOBABIC   AJID  TRIATOKIC   acmfl— mOXTACtM. 


.—Of  six 


Dloxybeasoio    Aolda*  C^UjO^   =   ^'fll*a|  (^-o^h 

possible  isomeridfs  ineludwl  in  Hi  is  formula,  four  are  kn<»wn.  but  the  ori- 
entation of  their  lateral  chains  is  not  yet  oompUdcly  eatablislied.* 

Two  dioxvlvnxnic  aei'ls  are  obtaine<l  by  fufttng  the  two  difiulphobenaoio 
aritls  (p.  903)  with  potaFsium  hvdroxide.  One  of  thcne  dioxy-acida  forma 
rrvsfals  containing  lUr,,0.  m<»lt9  with  decomposition  at  aliont  22<)0  C. 
(42SO  F.),  and  in  not  colored  by  ferric  ehloride.  The  other,  pri^pnred  nlBo 
from  loliH^nediftulphonicacifl,  forma  hydrated  oryHtula  melting  at  1940  C. 
(381.30  P.).  and  in  colored  dark-rod  bv  ferric  chlorble. 

Oxy»allcyUc  Add.  r,TI,(on),.rO,H  (probably  1:2:3,  ro,U  in  I) 
ifi  form.'d  bv  iMilinir  a  solution  of  iiKloanlioylic  acid.  C^IIJOj,  with  potash. 
ervstalliita  in  fihinlng  n4M'db«s,  8oln!»lo  in  wat<»r,  alcohol,  and  ^''»**r. 
IB  "aqueoua  nolution,  mixed  with   forrlo  obloridu,  acqnirea  a  doep-blue 

•  See  Wfttti'i  Dletlonarr  of  OhemUtry.  W  Supplement,  p 


I 
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cfflor,  ohangiD)^  1o  Tv*i  ami  tliim  brown  rnx  AiMiilon  of  ftmmoTua< 

carbuuftU'.     Thu  crjri»UllJx«Ml  u*ui   ni»^lu  nt   19iitl_ij);o  r.  (.J*-L( 
K.)»  *"J  i^  n-aiolviNl  at  a  hijk'bor  lenipcrnture    into  OJ^  and    hj* 
(li^ethiir  wUli  |)>r»>cattH;hin).     The  cx^-wilicvlatcs  »re  vctrjr  m 

Protooatecbnlo  Add,  CJIjlOIO^.rOjU  (probably  1  :  3  :4,03JI 
aUoralli'il  <  'itrfMtitytlrwjuimmic  afu/.-^^iiu  ncUl  w  pruducod  b/ tbe  ftcti 
mvUinx   j»ota«li  «»u  iU   alilpbyibi,  and  ou  iudopjir.ioxybeuautc,  brotnai 
criTiuOiiulphonlc.  and  «af*4*nio  acida,  calvcbin,  and  tn&ny  other  tri- 
tivm  4>f  lwtiju*n»;  alao   on    nuntorons   rnains,  ah   benzoin,  myrrh,^ 
WixM,  rw-iftfii'lida^  etc.,  itfl  formation  from  tbi-sctrftt^ins  Ikfiug  usiu  " 
panied  Uy  that  of  paraoxybeiuoio  luid.     Jt  is  als4j  formt^  \>y  tboi 
brouiinct  on  ft(|uooU9  qiiinio  acid,  nml  hy  fusiii]^  that  at-id  witb 
ts  moat  «.vl]y  propared  hy  adding  1  part  uf  Uaat  Indiaa  kino  to  S1 
fusi'd  tt<Hliuin  hydroxide,  diaaolving  tb«  melt  in  w&ler,  aciduUiing/ 
agitating  with  ether. 

rrot*K!at4M.biiio  acid  cryalaUizt^s  from  wal<»r  in  abining  nftodlcnor  Uc 
containing  I  mnl.  HjO.  It  diBnolvos  t'lisily  in  Itot  WAt<^>r,  in  alcolu-l, 
In  othi'r.  anil  in  4<»-r)0  parts  of  cold  water  ;  melts  at  1990  (*.  (3j«i.:::j 
and  dooompost'*  at  a  liiglirr  triiUKTRture  into  t'O^  nnd  pvnx*at* 
(ti>g<dher  with  hydroqulnonu).  Ft-rric  chloride  eolors  thi*  s<>liilif>Ti  gi 
changing,  on  atlditiou  of  very  dilute  fUMlium  c:irbiiua(e.  In  Mut 
aflfrrwarda  lo  riMl.  It  riMlucea  silver  nitrali*,  but  nut  an  alkaline  ci 
tiolution. 

Mrthfl-protoctitrchvic    or    VaniUic    nciti,   C^OgO^  ^  C-Hirt 
(OCll|).CO)ll,  in  formed  hy  oxidation  of  rauilliu  (p.  S&l),  wbi-n  that 
stanet*,  in  the  moiHt  iitati*,  is  left  vxposed  to  the  air,  and  by  oxidntinal 
roniferin,  Ci^H^iO,   (^ce  Oldcosidba),  with  potasaintu   porniauganatc.    (t 
oryBtnlliacs  in  shining  white  neodlw,  molting  at  2110-212*-' C.  (411, S^ 
4l:t.0O   y.)t  Aiiblimahlc  ;    oparingly  ftolniilu   in  cold  water,  cnsily   Lxi 
water  and  in  alcohol ;  di»coniiK»tifd  by  liydrochlorio  auid  at  i;»t*Ci_ii 
(30'23-!V2(JO  p.)  luto  Dtetbyl  ehloridy  and  protuL>alechuicai.'id.      Ita  calcil 
aalt  distilliHl  irilli  llriio  yit-UlH  piiru  guaiaeu)  (p.  ^TZ), 

An  ii^omoria  mtHhyl-prfitooaterhuic  ncid  is  formed  by  beAttng  prol 
toohuic  acid  with   potasttiuin   hydroxide  and  tnrtbyl   iodide,  aUo  by  ' 
ing  hemipinit*  aet>l  with  utrong  hydroohtoriu  aeid  at  UK>o.     It  errstalli 
in  slender  nemJIus,  less  loluble  than  the  proocding,  and  moltine  at 
C.  (483.80  K.). 

Dimctht/l-jtrotocatechuic  or  Veralrie  acid,  C,H,oO^  =  P- 
(0<:ilj),.rO|ll,  is  contained  in  Haljadilla  seeds  (from  Vrrutrum  .iabiuiiU 
and  is  formed  by  heating  prntocHtechuic  or  mclhyl-protocatechnio  acid 
with  KIIO,  methyl  iwli.lo  and  melliyl  al^ihol  to  }44;0  C.  (26-10  J.*.)»  and 
boiUng  thi'  pro<ltic.t  with  ftnda-tyc  ;  aUo  by  oxidation  of  dimethyl-] 
catechaie  iiiflcliydu  (p.  891),  methyl-orcsol  (p.  8(X)),  and  mcthyl-eiigvi 
(p.  88(i),  witli  perm.auKaiinto.  Colorless  needles  melting  at  17'J.5^ 
(3&5.10  1',);  slightly  snUible  in  cold  water,  more  eaHily  in  hot  wattr,  si 
more  in  alwibo'l.  Heated  to  14(«i-ir)l'0  c,  (2S4O-,l0iO  F.)  with  dllil 
hydrochlorio  aoid,  it  yiel.la  a  mixture  of  two  muuoniethyl-protoeatvchuie 
acids.  Heattnl  with  liniu  or  baryta,  it  is  rosolvcd  into  CO,  and  dimothyl- 
pyroctitci'hin.  ~ 

In  like  manner  nro  obtained:    Dirthifl-protccnterhmic  actrt  {needles,  u 
141IO  C.  t3(.»i.20  F,]),  and  Elhyl'mrthyi-protocatechuic  or  EthifUHimlHc 
(needles  Blightly  soluble  in  hut  water  ;  m.  p.  190O  C,  [374°  F.J), 

Methene-prolocatechuic    or    Piperonyiic   acid,    r,U,0,   ^m 

*^^i<Co>C«H3 — CO,H  .  is  formed   by  oxidation  of  Ita  aldehyde   pi] 


Aftifa 


OnSELLINtC    ACID. 


on 


LO,  (p.  SOI),  with  pennangoxiAla,  And  hy  hsfttinfc  proU>cato?liuJo 
^ikA  with  KOII  and  Cll,?,.— CfllwIeBS  needles,  m.p,  2280  (;.  (442^  K.), 
aaljlimnblu  without  (lecomposition,  insc»luMe  iu  coM  wat<T,  slighlly  soluble 
in  l>oilMig  vatur  ami  coUl  alcohol,  caail.v  in  hot  alcohol.  Deoompcwed  by 
healing  to  lliiO  C.  (:J380  F.)  with  dilute  h.vdrooliloiic  acid  into  protocate- 
chuic  acid  and  free  carbon  ;  hy  lieating  with  water  to  2tloO-21(P  C.  (302O- 
410^  F.)t  into  pyrocalochin,  CO,,  and  carbon, 

Ethene-prf^ocattchuic  arid,  Cgll^O^,  obtaiDi'd  by  heating  protooateohuio  acid 
with  KOH,  CjHjBr,,  and  a  little  wal«;r  to  llKP^  forms  shining  prianu  melt- 
ing at  133.50  c.  (272.30  K.). 

Aolda.  C.H.O,  =  C,H,(CH,)  |  [.^^j>»  . 

Orsellixilo  Acid  is  fnrmod  hy  boiling  onellic  nr  Icoanortc  acid  with 
linio-wator :  C,jHnO,  +  l^a'^  =  SC^H^O, ;  also  by  ItoilJng  ltd  crythritic  ether 
(erythriu  or  erythrio  acid)  with  water  or  baryta-water  : 


JSrythrlo. 


Onrlllntc 
aoM. 


4-     f^nHiA: 
Flcroerjrthrln. 


Oraellinic  acid  cryatalUzoa  in  prisms  easily  solnhlo  In  water,  colored 
violet  hy  forrio  chloride.  It  muita  at  17(P  C.  (348.80  t".),  decomposing  at 
the  Hamo  time  into  CO,  and  oroin,  CfH^O^  (p.  S76). 

Eth^l  Orttllinatt,  e^H,(CH0(OH),.CO,.C,IL.  is  obtained  by  boiling 
OTSfllinic  acid,  or  Hoecella  Unetorla,  with  alcohol,  a  eryntallizea  in  lustroua 
plates  easily  sulublo  lu  boiling  water,  aluohol,  and  ether. 

Ertjthritir.  Ortellinate,  Krythrin  or  Rrythrlc  acid,  Cj^Hj^O,^^ 
2C|Hg64,4"  CjH,uO,  (frythrile) — 211,0,  is  contained  in  lUxxella /us^'ormut 
and  pxtrarte<l  by  boiling  with  milk  of  lime.  It  forms  crystals  containing 
I  UjO,  slightly  soluldo  in  hot  water,  colored  red  by  ammonia  lu  contact  witlt 
air,  and  is  resolved  by  boiUng  with  biuyta-watcr  into  orselliniu  auid  and 
pioroorythrin  (see  above). 

Piorocry thrtn,  C„H]gO,,  forms  crystals  containing  1  mol.  Efi, 
soluble  in  alcohol  and  ether,  and  is  resolved  by  further  boiling  with  baryta* 
water  into  trrythrite,  orcin,  and  carbon  dioxido : 

C„H„0,     4-     U,0     =     C,H.,0,     -i-     C,H,0,     +     CO,. 

OrtAlliCy  Leeanorir ^OT  DiorattUintc  nciU^  C,jH,,0^=s2CgHgO^ — 
^B,0,  occurs  in  soveral  lichens  t>elonging  to  the  gouera  liocrt^lh,  Leatnora^ 

id  Varioiaria,  and  is  extraot^d  by  digestion  witli  ether  or  with  niilfc  of 
lime,  and  precipitation  by  hydrochloric  ocid.  It  oryiitallixes  from  alcohol 
>r  ether  in  colorless  prisms  containing  C,4 11,(0, -|-  l!,0,  nearly  insoluble 

water.  By  boiling  with  lime  or  baryta-wator  it  is  converti^d,  0rst  into 
|4»nieUimo  acid,  afterwards  into  CO^  and  orcin.  Its  akMhullo  solution  yields, 
m  lioiling,  crystalline  etiiyl  orscUinato. 

Tlio  throo  compoanda  ladt  described  may  bo  ropresented  by  tho  following 

'uuiural  formuls: 


O.H,(OH,)(ggg     o^OtH,(01I, 


Oriellio  or 
lorselUolo  ncid. 


00,H 


Erytbrto. 


)(CO,H)        ^,H«(OH,)(nH)  (00,H) 
Ptorocrftbrln. 


Aocording  to  Stcnhonso,*  the  Sonth  African  variety  of  RocctUn  tinetoria 
onntains  an  acid,  C„H^O,j,  called  /f-oraellie  acid,  closely  rf^embling  orMllic 

t  Phil.  Trans,  1M8,  «  |   Ueblg's  AnD*>e"t  Urlti.  >»■ 
11* 
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i\iX  in  properlir*  ftnd  compositinn,  and  yirMmg  orvoIllDie  »cid  wlt^n 
with  bAr>-U-w»U'r,  l(*f,'t'th*'r  with   rocuel  1  i  ti  in  .   <'    >f    'V     -    -••^■ 
(oriiuiig    hAtr-Uko  oryhtnl!*  *'f  »   ailvwjr  lustre:    4  , 
*^iff'^M^*t*     lt"^^^-llt"ii>  ^*  not  attaukiHL  br  boiling  will. 
dttf!i(»l«iM  iu  ftuiiuonia  mikI  tUe  fixvd  alkftlioa,  fonuiuu  ^uluuuiu  whicii 
uul  oolurcU  bjr  vxiKwurc  Ut  thv  &ir. 


The  following  «r{<1«  of  unknown  stracture  ftr«  also  obtained  fmoi  lichi 
V  uljilc  no  1  *l ,   (^'|»H|(0,,  uiTunt  iu  t'etrarta  vu/pitta,  tt'  :         '      '    it 
In*  fxlfrtoimi  by  clilorofonn  or  Umo-wat«»r.      It  f«>tuiH   I»i  pi' 

»lif:htlx  )^»lul>lo  in  w«tur  and  In  (rllivr,  mults  M  1  hO  C.  ('J...  :  . ,.  .  nfa 
witbniit  <lwx>in|Hiettiou,  ami  is  resolvod  by  l)»iling  with  iMirjta-waUT 
iblphntnlnir  atiil,  nic^tbrl  nloobol,  an<l  oxalic  acid. 

L'>«niti  aoirt,  r,,II|,0_,  from  liibena  of  thf  genera  (Tsnra  and 
cryf)ta!Uc(«  in  iliiniug  yi-ilow  Uniinic.  iiiMiiIublu  iu  watfir,  Kli^htJ/ sola] 
JUiali-obul  ami  »;thtT,  inciting  at  19:)0-l!n°  C.  (38:iCu38i;.CO  I*\).     lu 
'^Gitii-K»lts,  wlit*n  expiwfd  lit  tilt)  air,  turn  red   nod  aflorwArtls   black. 
WNlitl<'ation,  callfd  H(?ta-ti»nic  acid,  fK>m  (ytuloMta  ntntjiftrina^  xai 
at  1750  c.  (3470  K.),  and  jWXAa  by  dUtlllalion  beta-ort'in  (p.'x77). 

Crtraric  anid,  C,„II,,*I,,  and  Liebmic  aoid,  C',,1I,,0„  frum 
land  moaa  i^Ctiraria  iUatuUca'),  aro  oryaudliuv,  and  ooaily  aoluble  in  alouhol 
and  vther. 


A  o  I  d  ■ ,  CjHjoOj «  C,H,  (OH),.CO,H : 

Bverolnlo  Aoid  l-s  <>buine<l  fnmi  evernio  aold,  C^t^m^t  (*  oougtltai 

ol  ViVurniu  yVwMii«/ri),  by  boiling  with  baryta: 


G„n„o,   4-   11,0 


-f   c,HA. 


It  cryKtalUzi^K  frum  hot  wntvr  in  u»edlea,  molta  at  157°  C.  (314.GO  F-)i 
ia  oulored  violet  by  forric  eUlohdi*. 

Umbellic  Acid  i^  formed  by  the  action  of  sodium-amnlgam  on  nml 
Uft-rono:  (',11^0,  -f-  H.*> -|-  H,  =  C',H„Oj.  It  cry»talliw»8  in  colorl 
UL>edh*a.  melting  at  1250  C.  (i'iTO  F.),  slightly  solublu  in  water,  easily 
alei>hi>l  auti  ether.  With  ferric  cbloridu  it  proilncea  a  green  colur,  tumi 
red  cm  addition  uf  sodium  curbouate.    Faaea  with  potu^h  it  yields  rt^tKiri; 

Umbt'llf  r.>ron*«,  CJI^O,,  a  pompnund  nnalo^^onn  to  coumarin  i 
914>,  owmrs  in  the  bark  of  Daphne  Affsrreum,  and  iu  pffnlnced  by  distill 
tlon  of  gaUmnum.  assafflrtida.  and  oth-T  resins  of  unil>eUiferoufl  plant 
It  cryitalliies  fnun  hot  water  in  rhombic  prisms,  filightly  soluble  In 
water,  raailv  in  hot  water  and  in  alcohol  ;  its  mim-ouH  soltition  ap{ 
bine  by  refl'octod  light.  It  meUs  nt  240^  C.  (4<>40  F.).  a"**  aubliraeswil 
oul  decoropooition  ;  yU^Ms  resornin  by  fusion  with  jxttiwh,  and  is  t^mverl 
by  sodium-amaUaminto  umbellic  acid,  jost  as  coumarin  ia  converted  '" 
hydrooonmaric  nuid. 

Hydrocaffelo  Aold,  r,H,(OH),— CH,— Cn^— ro,H,  formed  by  th» 
aotlon  of  sodiuin-junalirara  on  caffoic  acid,  forma  crystals  easily  soluble  lo^ 
water,  a^d  is  colored  dark-green  by  ferrlo  chloride. 
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Tlie  following  un«aturated  acdds  belong  to  the  tiiatomlo  and  monobasic 
diviition. 

Caffelo  Acid,  C^n^O,  s  CaH,(OH),— CITtrCH— CO,H,  formed  bjr  boil- 
ing caffvtAnuio  acid  (p.  1*21)  witli  |K>iaiih.  cryBtallUeH  iu  yellowish  prisma, 
rrrjaolublfl  in  hot  wat«r  and  alcohrd.  The  aqueous  solution  rt*duoea 
silvor  nitratu  wht^n  heatod.  Fcrrio  chloride  culnra  it  grvon,  changini^  to 
dark  rt<d  on  addition  of  ftudium  carbonate.  Uy  fuKiun  with  pulash  catTtMo 
acid  is  rosolved  into  protocatuchuic  and  acetic  acids.  By  dry  distillation 
it  yiolds  pyrooatochin.    Sodiam-fimnlgatn  oouvorta  U  into  hydrocalfeic  acid. 

FernUc  Acid,  C,aH,oO^=C:.H3(OH),— C^n,— COjH.occarsinaasafcBlida, 

and  may  bu  neparnttMl  from  thu  alcoholic  extract  of  that  sulMlance  by  pre- 
cipitAting  with  lead  acetate,  and  decomposing  the  precipitate  with  buI- 
phurio  acid.  It  dfdsolvcfl  easily  in  hot  water  and  aloohol.  and  crystallixea 
iu  fuur-sided  aeedlfv.  Its  aqueous  uolutiun  in  colorttl  yi-Uow-brown  by 
fi*rrie  chloride.  By  fusion  with  potaah  it  ia  resolved  into  prutiKalechuiu 
and  acetic  aci<ls. 


Pipario  Add, 

C„U„0,  a.  H,C<^C4H,.CH— CH.CH=CH.CO,H 


The  potaastum  Bait  of  this  a«'ld  Is  nbtaine<l  by  boiling  pIpeHne  (7.  v.)  with 
aleohoUo  potash,  and  Ht-parati^  in  tthinin^  prisms.  The  frcw  acid  crystnl- 
lixea  in  elender  needU^  molting  at  210O-217O  C.  (420.8O-422.tJO  F.).  It 
formfi  sparingly  s<iluble  salts  containing  1  <Hiuivalent  of  base.  It  unites 
with  4  atoms  of  bromine,  and  is  resnivod  by  fusion  with  potash  into  acetic, 
oxalic,  and  pmtocatecltuio  acids.  By  oxidatiou  with  permanganate  boIu- 
tiun  it  yitdds  piperunal  (p.  891). 

EugeUo    Add,    C'mHiA    «    C,H,(0H)(0CH,)<^{|f5 ^j,_^„^  ,  la 

formed  by  the  action  of  smlium  and  carbon  dioxidr*  on  eugenol,  (^icH„0, 
(p.  b85}.  It  ory^tdtlizes  in  thin  prisma,  slightly  soluble  In  water,  melts 
at  124'^  C.  (2&5.a-^  K.),  and  is  ri*sulved  at  a  liighcr  temiwrature  Into  CO, 
and  eugeool.     Ferric  chloride  colors  its  soluliun  dark  brown. 


4 


4 


MoiroaASio   airo  txtbatoxic  acids. 

aalUo  Acid,  C,H/>aS=C,H|(OU;,.C0,II— rriary6en«Mcactt/. />iVtjy- 
»aU<:ifhc  uctt/.— This  acid  oocurs  in  nut-galls  (uxcreeoeucas  formeil  on  the 
leaves  and  leaf-stalks  of  the  dyer's  oak  (('^urmu  injectona),  also  in  sumach, 
hellebore  n«d,  divi-divi  (the  fruit  of  CUfdpina  conaria),  In  lea,  in  poino- 
granata  root,  and  in  many  other  plants.  It  is  produc-tnl  artiQciallv  by 
heating  di-iodosalioylio  sold  to  140CL-150O  c.  (284^^3020  F.),  with  ••xcess 
of  an  alkaline  carbonate;  and  from  bromodioxybenzuic  acid  and  brumo- 
protooatutihnic  acid  (p.  91tJ)  by  fusion  with  potash  :  ht«uc«  its  struoturo  Is 
eitht»r   1:2:3:4  or   1:2:4:5  (CO,H  in  1).     It  is  most  conveniently 

SrcparM  by  boiling  gallotaunic  acid  with  acids  or  alkalies  :    C,4H,„0,  4- 
[,0  «  2C^H.04. 

liullie  avid  crystallises,  with  1  mol,  H,0,  in  slender  prisma  haring  a 
silky  lustre  ;  dissolvos  in  KM)  parts  of  cwld  and  3  parts  of  Wling  water, 
easily  in  aloohol  ;  mtdta  at  alKnil  20(10,  and  spliu  np  at  2UtO-220O  c. 
(410O-428O  F.)  Int..  n>,nnd  pyrogallul.  C,H,(OU),.  The  aqueous  sola- 
tlou  reduces  the  metals  from  solutions  of  gold  and  s(lv«'r  sitlts  (hence  its 


I 
4 
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iisi>  In  photo^Aphj),  and  forms  a  bla»-blaek  precipitate  with  terrie 

ride. 

(lallto  ht\u\,  ihongli  monobjuin,  oontaiiu  3  atontR  of  ]>henolic  hydrr^an, 
and  can  theruforo  fonn   t**lrnitioiAllio  snlU.     Tli«  {;alla(iss  of  iIm 
mrtaU  ar*^  pormani^nt  in  the  dry  stata  and  in  acid  solution,  bot  in 
solutlfin  the/  quickly  absorb  oxygau  and  turn  brown. 

iVAy  fjtillate,   C|n,(OM),.Cl»,C,Hj,  cry8tatliite«  frmo  water  In  rhotnl 
priMm«  otmlainjn^f  2J  mol.  11,0.      Triaeetyt-gottie ac%*i,  C,II,(1K'^U,0)^.C' 
ft>rmtMl  by  hualiiii*  ^Allie  t^\t\  with  acetyl   rliloridu  or  octiliv   aithi 
cryatallltof    from   alcohol    in  uiHHllea.     With   bromino  galliu  acid 
C,HjBK)j  and  <-',n,Br,<>j,  Initli  of  which  ar«  erystalliitt*. 

(Jjilliu  acid,  bfAtM  witli  4  pA.rU  of  solphtirlo  a<M<l   to  14CK>,  ia  ooOTartcd 
Into  rufJgaUlo  auid,  C,|H,Og,  a  derivative  of  anthraccmce, 

Kllagic    acid,    C„H>Oj,  probably  al»o  an   autIiraot>ne  Urrivalire, 
fbriuud  by  tht^  AtHinn  of  oxidiiiug  agcnus — aa  aramiifi  aoid.  ailver  oxi^ 
liMlinc  and  walur— t>n  gallic  acid  ;   alno  from  tannio  acid  when  Ita  <i>Di: 
trntiwl  a(jtu<nuB  sntiitinn  tit  Inft  for  a  consi-bTablo  tima  in  oontact  with 
air,  th«  ellsgiti  acid  t)ion  separating,  t^>^<'ther  with  gaUia  acid,      [t 
coiitttituont  of  bt'zoar  stonva  (iut>->8tiual  concretions  of  a  Puraian  (ipeci<-A 
goat),  from  which  it  may  bo  obtaine<l  by  boiling  witli  potash  and  prvcii 
tatiug  with  hydrochloric  acid.     It  separates,  with  1  mo).  B^O,  as  a  crj 
tallinu  powder,  inaolnbli!  in  water,  and  having  an  acid  reaction.     Ita  aiHtit 
Ball  is  formed  by  toiling  ijthyl  gaJlate  with  sodium  carbonato. 


Ian 
loi^H 


Tannic   Acidt  or    Tannin  $, 

Theso  anl)9tance8  constitnto  the  astringent  principles  of  plants,  and  ar* 
very  widely  dilTuftetl  in  th«  v<»gotabtv  kingdom.     M'wt  of  them  are  gl      ^ 
aides  of  gallic  acid,  boing  rosolrud  by  boiling  with  dilute  acids  into  g 
acid  and  glucose;  others,  instead  of  glur^«8c,  yi^M  phlorugliiLMn,  C,H.(OH, 
(p.  H7^).     Unllotannic  acid,  on  the  other  hand,  when  quite  pare,  Ih  not 
glucoaidi!,  but  cimttists  of  d  i  g  a  1  li  o  acid.     By  fusion  with  pfitash  ni 
tannio  acids  are  rt-solred  into  protocatechuic  acid  and  phlorogluoin. 

Most  tannic  acidn  give  bluish-black  precipitaU'8  with  ferric  snlla  (Inks) 
some,  however,  as  kino  and  catechu,  and  the  tannins  of  sumach  and 
the  tea-plant,  give  greenish  precipitates.     The  tannic  acids  precipitate 
solution  uf  gvlatin,  and  unttu  with  animal  membraues :  hence  their  use 
the  manufacture  of  leather.    They  are  precipitated  from  their  solutions 
nculrnl  acetate  of  load. 

Qallotannlo  Acid.  Dlsalltc  Acid  or  Tannin.  Ci4n„0^  =  r,n,(OH)j 

CO — O — CO — t',H,(UH)„  occurs  in  largo  quantity  in  nut-galls.  cspe« 
ally  in  the  Chinese  variety,  also  in  siimaoh  (the  twiga  of  ItJius  Coriitria), 
tea,  and  many  other  plants.  It  may  bo  formed  frtini  gallic  acid  by  heatii 
with  P(X1,  to  VJjOO  C.  (S480  ¥.),  and  by  oxidation  with  silver  nitrate 
dilute  arsenic  acid.  It  i»  mcwt  readily  prepared  by  exhausting  finely  pul- 
verized nut-galls  with  a  mixture  "f  alcohol  and  ether  in  a  percolator  (fig. 
177),  having  iU  neck  plumj;*^!  with  cotlon-wool,  and  its  mouth  loosely 
slopped  with  a  cork.  The  liquid,  which  after  some  time  collects  in  the  re- 
ceiver below,  consists  of  two  distinct  atrata :  the  lower,  which  la  almc 
colorless,  is  a  very  strong  solotion  of  almost  pure  tannio  acid  in  watt 
the  n]nier  consists  of  ether,  holding  in  solution  gallic  add,  adoring  nu 
ter,  and  other  impuritied.  Thi-  carefully  separated  lieavy  liquid  is  left 
evaporate  in  an  exsitxiator.  Oallotaunio  aold,  or  tnnnin,  thns  obtaini 
forms  a  fillghlly  yellowish,  friable,  poro' •*',  without  Uio  sUghlt 


^ 
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landeTicy  tn  cryfltallization.     It  in  very  snlnhle  in  wat»*r,  Ifsa       "g-  ITT. 
so  iu  alcM>hul,  aail  v*Ty  ulightly  soluMo  in  ptlivr.     It  rt-ddvas 
litmus,  And  hM  a  i>uro  OiilringciU  ta.'^te  witttout  bittorneAS. 

A  strong  eolation  of  galtotannia  Add  mixed  with  »ilner&l 
acidit  gireti  ])recipitatv3C0Usi(*tiQg  of  ixjuibinntiuus  uf  tliti  Ihii- 
nj<-  Arid  with  tbo  mineral  acids  ;  ihcKio  cumpouiuls  an*  frf«>Iy 
soluble  in  pure  water,  but  nearly  iii<iolubK*  in  acid  liquids. 
Oallntannii^  ncid  prt-cipitat^'H  albumin,  gelatin,  sjilts  of  tliu 
VL'gotu-nlkallt-s,  and  aevoral  othvr  Hubatancua  ;  it  forui:^  bolu- 
bl>^  cuniimunds  witb  tho  alkaliet*.  which,  K  excnsa  uf  bitso  is 
present,  rapidly  attract  uxyguu,  and  t>ecome  brown  byilestruc- 
tiun  uf  tlku  acid  ;  the  gallotaunatus  of  barutm,  strotitium,  and 
etilizituH  arti  sparingly  Mjlnblti ;  tboiiB  of  Iftui  and  antiiuim^  are 
insoluble.  Ferrous  salts  nro  unchangt'^l  by  solution  of  gnllo- 
tanniu  aaid  ;  ferric  Wf«,  on  the  contrary,  give  with  it  a  denp 
blni»h-blark  precipitate,  which  Is  the  ba^tis  of  writing-ink  : 
hence  the  value  of  an  infusion  of  tiucturu  of  nut-galls  as  a 
ti'st  f">r  the  pretjonej!  of  iron. 

tiallfttannic  acid  decomposca  at  250O  C.  (482^  F.),  with 
formation  of  pyrogallol.  By  boiling  with  alkalies  or  dilate 
aciiis  it  ifl  onnrerled  into  gallic  arid,  *'hI1)oO, -|- HjO  = 
2C,H,0, :  hence  its  onnstitntion  is  determined,  liy  bulling 
with  exceKB  of  acetic  anhydride  it  is  conrerted  into  pen* 
tacetyl-iannio  acid,  t',|Hj(C,HjO)50,,  a  orysLalllno 
substance,  melting  at  IM^  i\  {21^.^0  K.). 

The  following  tannins,  which  arc  aniorphoua  l)odieit,  more 
or  less  resembling  gallotannic  acid,  liavu  not  been  obtained  in  tlie  pure 
•tate. 


Quercitanmc  acid,  from  oak-bark,  is  a  yellow-brown  amorphons  nias<«.  the 
Aque*)US  )it>tuti(>n  uf  whic:h  is  ouloretl  (I(:>t*p  blu«  by  ferric  chloride.  Citichtma- 
tannic  ucitt,  (KiiMirritig  in  cineliona  barkii,  partly  in  combination  witli  nlka- 
lojds,  gives  a  green  color  witli  ferric  sails,  liatanhia-tanriic  acid  occurs  iu 
rhatauy-ruot  ;  Jilitannic  acid  in  fern-rtrntii  ;  tor mentd -tannic  acid  in  tormeulil- 
root.  These  five  tannins,  when  tioilud  with  dilute  acids,  yield  rinl  amor- 
phous bodies  (oak-red,  cinchona-red,  etc.),  which  partly  aUo  occur  reaiiy- 
formed  in  the  r(*ifpertiv*«  plants,  and  are  rcwtlved  by  fusion  witli  potash 
into  protucutechuie  acid  and  phloroglncin.  The  formation  of  these  red 
comptmnds  appears  to  lie  ace<>mpaui<iK|  by  that  of  sugar. 

Valrrhu-tannic  nriH  occnrs  in  cateehu,  an  extract  prepared  from  several 
East  Indian  pbnts,  vii.,  Areta  Catechu,  Acucia  <iVimo*fl)  CutccJiu,  and  iWm- 
clea  (iandiir.  Ferrio  salts  o»h)r  it  dingy  green.  Oatecha  also  contains 
Cfttechin   or   cnteehuio   acid,  (',,i[j,j<>,,  which  crystalliies  in  nc«dh*s 

I  containing  3H,0.     Its  aqueous  wolution   is  eolorwl  green  by  ferric  haHh. 
iknhydrous  cat«Nhin  melts  at  21 7^  C.  (422.UO  1'.),  drcompiising  at  the  same 
timo  into  CO,  and  pyrocaterhln.     By  fusion  with  iM}tash  it  is  resolved  into 
yrolocat«chuio  acid  and  phloroglncin  : 
C.d"i50.    +     211,0    =    c,n.o^     -h    2C.n.O,    +     2H, 


I 


4 

4 


Morintnnnic  arid  or  Machmn^  ocenrring  in  fustic  (the  wood  of  Morus 
tinctoria),  is  a  yi'Iluw  cryslalHne  powder,  easily  soluble  in  hot  water 
»nd  in  alcohol,  tho  anlut!r>ns  giving  with  ferric  chloride  a  greenish -black 

1  prtHTipilatp.     !t  yields  pyrocateoliin  when  healed,  phloroglncin  and  prolo- 

^eatcchuic  acid  when  fust^l  with  )>otA5h. 

CnfXftnnnic  and,  from  eofTee-lHTrieg.  is  a  gummy,  easily  soluble  mass, 
which  gives  a  green  reaction  with  ferric  chloride,  yields  pyrocalechin  when 


MS 
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«lo04^  c«ffL*lo  Acid  (p.  919),  when  heat«d  with    t>i>ta«b' 
proftookteahmo  tuihi  wben  fuiwd  with  poU«h. 

Qulnlo   or  Klnio  Add,  CyUuO,  a=C;Hi(OH),<ro,H),  f«  a 
jMuttAtiMUic  iKMil,  ufnrly  related  to  the  aiMiuatii.'  ' 
uitiohniia->>urk,  anil  is  ubtJiinM  u  *  bjra-prtjdu< ' 
niim.     TUucxlraut,  obtAin.' '  ''»^  .ii.'..ur,n..  i>..»  .. 

or  ililat«  sulphtirio  ai\U\  .:•*  t| 

alkiLlul'l ;  theftoltitiuti  ib  ;  i         :        "    ' 

whiuh  reuutiiui  in  purlflod  hy  crystal Liftntiuu,  aad  ilaoaaiiaaixl  w 
acid. 

Quinio  acid  fornu  traii^tpnrcDt  cwlorleu  izionolinio  priams,  aoaiIj 
in  WRtLT,  very  atightty  Hulublo  Id  nlcuhvl.  It  melta  at  1U20  C.  (3'23A 
aikI  at  a  liiKhor  t«iDp4>raturo  U  rcsolvtKl  into  liydro«|uinon*t,  p^nKiati^hfi 
bvnaoio  acid,  pheuul,  and  othar  products.  Uy  oxidizing  ogenta  (UsC 
and  Kulphurio  acid)  it  in  converted  into  <^tiinont<,  toj^othcr  with  c^u-buul 
and  furiuic  aoidi.  By  heatiug  with  hydriodlo  acid  it  Is  conv«Tt«Hi  iul 
buiixoiu  adirl  : 

mad  hy  phNphoma  pHDlachiorido  into  Qhloroboaiojl  oblorida ; 

c.H,(OH)4.co^  +  pa,  =  CjH^a.coci  +  po.h,  +  ana  + 

By  fusion  with  [wtMh  it  ytoI<i8  pnitoeatprhuic  acid, 

CiilriHm    quiiMtt,    <(-Vi,,0^),Ca  +    10U,(J,   fonos   loiyo^   OUU/   Volllhil! 
efl!or«secitt  rhuiubiu  prisnu. 


VtIo  Aold,  C^H^Oi,  obtained  by  diatillation  of  pyrotartari«!_ 
funuH  Ahininj;  orystaU  melting  at  134^0.  (273.2^3  p.)  and  suMimal 
oonvert«<il  iuto  benzoic  ncid  by  fuaiuu  with  potash.  Ita  calcium-j 
<C,U,O,>,0*  -(-  tiUfO,  orystAlliaes  in  neiNUes. 


Aldehydic  Acids 


I 

name 
ilcium-aalj 


ThMo  aro  acids  oontatniug  tho  group  CHO  as  well  aa  CO.OH,  fn  plaoi 
of  hydrogen,  and  exhibiting  an  aldohydic  oa  well  aa  an  acid  fharacter 
All  the  known  aldehydio  aoida  likowiiio  contain  the  gmup  Oil,  and  an 
tlierefor«  tho  intormodiato  aldehydes  of  bibasie  triatomio  aciils.  They  Ui 
proiluuod,  like  aalicylio  aldehyde  (p.  888),  by  tho  action  of  chloroform  ol 
thu  oiy-acid»  in  alkalino  solution..  ^^ 

Aldehydo-oxybensoio  Acid.  C^H^O.  =  C.H,(OH)<;™*^  .  ^^^ 
iBomt^riu  acidfi  of  this  composition  («  and  i  Aid6hjfdo§aiicjihc  acith)  art 
obtained  by  boiling  14  part*  of  salioylio  acids,  25  parts  of  sodium  hydrox- 
ide, 50  parU  of  water,  and  15  of  clilorofonu,  in  a  vesatd  with  reTeisecl 
ooud«iw«r.  On  diluting  with  water,  acidulatinff  with  hydrochloric  add^ 
ai;itating  with  etht*r,  and  then  agitating  the  concentrated  etherpAl  anlo- 
tinn  with  Aoid  80>l{um  sulphite,  a  Holuliun  is  obtniniHi.  from  which,  atftd 
removal  of  tho  ethar,  aulptiurit!  acid  ftcp&rates  thti  S-Ai;i<l  nt  n  crystnllinij 
powder,  whil«  lliM  «-ai!id,  togct.hcr  with  a  very  small  quantity  of  the  * 
Aciti,  remains  dissolved,  anJ  may  Ik*  extracte<l  frmii  tbi>  ^tiUuiou  hy 
A  third  avid,  y-atdek^dnpurnnrifftfnziHc  arid,  is  obl.iirif'il  in  like 
parnoxy  beuzoio  acid,  together  with  paraoxybuuioio  aldehydo. 
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■•  (CO,H  :  OH  :  CUO  r»  1 :  2  :  3). — Slender  fdtod  noodles,  aablimable 
when  uiifwl/  health.  Much  more  solublw  iu  water  LUau  &.  Solution  colored 
red  by  furrio  chloride.  Calcium-salt  ewUy  soluble  :  diBtiUtni  with  calcium 
bydralu  gives  salicylic  aldehyde. 

A.  (<;o,H  :  OH  :  CUO  =1:2:  6). — Slender  newlies  melting  at  24flO  C. 
(480.20  F.).  Bublimable  when  slowly  heaUMl.  Nearly  inwluble  in  uuld 
water,  sparingly  soluble  in  boiling  water  and  cold  alcohol,  uusily  in  hut 
alcohol  and  ether.  Deep  cherry-red  with  ferric  chloride.  Caloiuni-salt 
very  soluble  ;  distilled  with  CaH,0,  givee  parooxybeuialduhyde. 

y.  (CO,U  :  OH  :  CHO  =  1:3:  4).— I'riamatic  uryalala,  melting  at  243^- 
244<^  0.  (4G9.*J-471.2P  F.),  suhlimable.  Slightly  soluble  in  cold,  more 
readily  in  hot  water,  eaaily  in  alcohol  and  elliiT.  Brick-r«l  with  fMrrio 
chloride.  Calciuui-aalt  slightly  soluble ;  distilled  with  lime  gives  salicylio 
ftldehjrde. 

AldehydoTaniUlc.   or  Aldehydo-metbylprotocatechulo    Acid, 

C,Ha(lj=C,U,(UlJ>(UCUj)<^:{Jy,   ia   obtained,  together   with    vanillin 

(p.  891),  from  vanillic  acid,  in  the  same  manner  as  the  aldehydoxy ben- 
toio  acids  from  the  oxybeuzoic  acids.  Cryatallixtii  in  slender  silky  necfllcs, 
melting  at  221<^2220  C.  C^^il.b^^Sl.UO  F.),  slightly  solablu  in  water, 
eaeily  in  nk'ohol  and  ether.     Ferric  chloride  colors  the  solaliou  viitl«t, 

OplaxUo  Aoid,  CioU,oO.  =  CjUj<OCH,),<^'^^  .—Aidth^Q-di,Hrlh^pro- 

torttltxJiuic  ucifl  is  formtKl,  together  with  cotarnine  and  hemipinlc  acid 
(p.  *J26),  in  the  oxidation  of  narooliue  by  MnO,  and  Hulphnrio  acid,  ur 
with  dilute  nitric  aci<l.  It  ory!t(allize»  in  nlendHr,  c«^ilorltr»(i  prisms,  melt- 
ing  at  14(P  C.  (2i*40  F.),  slightly  soluble  in  cold  water.  Il^-atwl  with 
soda-lime,  it  is  converted  into  dimethyl-protooaterhuiu  aldehyde,  C^H^ 
((}CH3),.CH0  (p.  891),  and  when  treated  with  oxidizing  agents,  it  yields 
hemipinic  acid. 

Heoonin,  CuHfoO,,  ooours  in  opinm,  and  is  formed,  together  with 
ootanune  (sec  ALKAtx>inH),  from  nnrooiine,  by  heating  with  water  to  llXlO^ 
and  from  opiauio  acid  by  thu  action  of  nasottnt  hydrogen  or  of  jiotosh- 
lye.  Shining  colorltiss  eryslttla,  sparingly  soluble  in  cold,  nmrc  frwly  in 
hot  water,  melting  at  llijo  C.  (2;W»o  F.).  Heated  with  acids,  it  forma 
etb«ireal  cximpouuda,  with  oHmiuation  of  wat«r. 
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Benzene-dioarbouie  Acids. 

Aolds.  cA^  =  Cen/co,n),. 

1.  Fhthalio  Acid  (I  :  2). — Orthtihensta»-dicnrhonic  acid  is  formed  by 
ihe  action  of  nitric  acid  on  naphthalene,  dichlorldo  of  naphthalene,  ali- 
i — '-    and  purporin  (the  ooloring-matlens  of  madder): 


C,„H, 

Nftphtba- 

lene. 

+      0,      . 

=       C,HA      + 

Phlhalle 
acid. 

C,HA 
acid. 

AlUarlD. 

2U,0     -f 

Pbltmlla 
nold. 

+     3C,H  0. 
acid. 

C|,HA     + 

Purpurlfi. 

2H,0     + 

aeld. 

+    3r,,no.. 

Ova  fie 

oeld. 
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It  iB  also  produced  bv  oxictizing  orthotoluic  acid  with  permaaaaiKk 
linu.  and  in  tistially  prepare'l  by  treating  nftphthaJen«  dlchioride 
biMling  b«!at  with  nitric  acid.  Chromic  acid  mijctaroconxiDi  Im  iim«1 
proparation,  as  it  is  oasily  oxidized  thcrebjr  to  oarbc»uio  *oid* 

PhihjiUc  auid  cry>(ta]lixt*s  iu  short  prianu  or  lauiinn,  »Ii>;htlr  aotn 
cold  water,  easily  Boluble  iu  hot  water,  alcohitl,  axid  ether.  It  n^ 
l»uO  C.  (3t>50  F.)t  anti  >«  r(Wolv*»d  at  a  higher  lompArat tiro  i&lw  wall 
phthalto  anhydride,  0^11,0,.  Ilrati^d  with  exc«?sii  of  L'&lciuni  hrd 
is  redulvtid  into  2C<\  and  benaeue,  but  when  2  moIecuI««  of  it  aJf 
with  1  uiol.  CallyO,,  it  yields  calcium  benxoato: 

2f,11.0.     -f-     CaU,0,     MM     (r,ll,0,),Ca     +     2CO,     +     ^H/. 

It  forms  IxjtJi  aeid  and  neutral  salts.     Barinm  chloride  JuXd«d  to 

tiun  of  its  ammuiiium  salt  throwa  down  barium  pUtlialat4>,  C^M  O  Bo, 


is  vury  slightly  Bolublc  in  waUr. 

Phthalic  acid  ia  cunrerted  by  fuming  nitric  avid  into  n  itro 
acid,  C.Uj(N0^04. 


phi 


rhthalio  chloride,  C.H,<COCl),,  fonned  by  heating  the  ocM 
PClj,  is  a  linuid  which  boils  at  270O  C.  (5180  p.),  ^nd  i^  cr^xivertod 
and  hydrochloric  acid  into  phthnlio  aldehyde,  C\H^(CllO) 
crystallizes  from  hot  water  in  platen,  and  mclta  at  U50  c.  (14i»o  f*.*), 

Phthalic   anhydride,    C4Hj<Q.^p>0,   obt&iiii*d    by    he«Ua 

acid,  forms  large  needles,  mcltd  at  128^  C.  (2ti2.^  F.),  and  bojla 

C.  (5:J0,uo  p.). 

Hydrophthalic  acid,  CgHgO^,  fomicd  by  the  actiun  of 
amalgam  on  phthalic  acid,  diiuolvud  in  aqui-oua  aodiuui  cnrbonatv 
talliz(^H  in  tabltM  ;  dissolves  easily  in  hut  water  and  aU-ohol ;  niid 
about  2WO  C.  (302^  P.)<  dccompotning  at  the  Kame  titue  into  [dith»lj 
hydride,  water,  and  hydrogen,  lly  the  action  of  strong  ttulphtirfo 
or  by  oxidation  with  nitric  acid,  chromic  acid,  or  bromine  and  watctr 
couverlod  into  bunzoio  acid.  Te  t  rahy  d  roph  th  a!  J  c  acid,  C' 
is  prepared  by  heating  ita  anhydride  with  water,  and  tht>  anhyd 
C'sHgO,,  is  produced  by  diMillation  of  isohydropyromellitic  arid  (p 
The  anhydride  cryHtallizes  iu  laminn  melting  at  tiSO  C.  (1.14. -40  F,), 
acid  also  cryatalliz**  in  laminm,  melting  at  *MiO  C.  (204.&O  p.^^  ^j^j  ^^ 
posing  at  the  same  time  into  water  and  the  anhydride.  Ilexhy 
phthalic  acid,  CglluOj,  U  obtained  from  either  of  the  prednling  b 
action  of  aodiura-amalgam,  vr  by  hc&iing  with  bydriodic  acid  to  23( 
(44tjo  K.)  ;  it  eryMtallizcs  iu  priMms  or  lamiutt,  sparingly  soluble  in 
melting  at  liOVO  C.  (404.60  F.). 

iBophthallo  Acid,  C.H/COjH),  (1 :  3),  te  formed  by  oxidation  of  a 

xyleiit-  ur  nietatolnic  M.id  with  chromic  acid  mixture,  also  by  fusing  n 
anlptiol>enzoate,  or  motabromolwnioato,  or  lionsoate  of   putatteiuin 
potassium  formate  (in  the  last  two  oases  together  with  len^phthalic  i 
and  by  the  action  of  hf!«t  on  hydropyToraelliLio  and  hytlroprebnlUo 
(p.  927).     It  crystallize*  in  slender  needles,  soluble  in  400  parts  of  bo| 
and  7K<M>  parts 'of  cold  water,  melts  above  300©  C.  (ftT^o  p.),  and  subl] 
in  needles  without  blaekening.     Its  barium  salt  diE!8"lvris  easily  in  w 
ao  that  the  acid  is  not  prempitatiHl   by  barium  chloride  from  the  soltl 
of  Its  ammoninm  salt,  »  oharocler  by  which  it  is  distlnguishetl  froii 
two  iKoineridi'S. 

Mrfhift  i«opJuAatat«f  C«  11^(00,. CHg)4,  cryBUlUsea  in  nwrdlofl,  melUn 
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640-0.10  c.  (I47.2CU1490  p.),  t1i«  ethylic  €tJufr  is  a  colorlufis  liquid,  boiling 
at  28.^o  c,  (5450  J?.),  and  nol  solidifying  at  (K>- 

XifroaopJahalic  acid,  Ctll^(iiOg)0^,  furms  laminie,  melting  at  ^t**^  C. 
(4b0.2u  K.). 

Isofyhiittilyl  chloride^  C.H^(COCl)^  forms  a  radio-crjratalliQe  mass,  melts  at 
410  c.  (105.80  F.),  boils  at  27(JO  C.  (628.«o  p.)- 

Terephthallo  Add,  CfH/CO,H),  (1  :  4),  is  formed  by  oxidation  of 

rnriouH  Uixliob  Liclongiug  to  ibu  para-svri«!M— as  paraxyU'iie,  puratoluic  acid, 
ciirnonol,  and  tviiiL'nf,  with  chromic  acid  mixturi'.  It  is  a  whita  jK^wdiT, 
cryetnllino  if  gluwiy  dopoditcd  from  solntion,  nearly  lnt!oliiblo  in  water, 
aU'ohol,  and  «'th«r  ;  BuMimes  undefomposed  without  previous  fusion. 

The  tercpktkalates^  Cgll^O^Ca-f-  3H-0  and  CgHjO^Ba -f  411,^0,  arw  cryslnl- 
liui>,  and  very  sparingly  soluble.  Th«  luethylic  and  ethylia  vtlivrs  rrys- 
talliz*)  in  pri.sms,  the  former  melting  at  llH^  C.  (219.2^  K.)>  ^>  latt«r  at 
44°  C.  (lU.if^F.). 

.Mtrotfrr/ththtUc  acid  Is  crystalline*,  and  mcUs  at  Z590  C.  (498.20  F.). 
IlydrMerepktkalic  at-id,  CgH/],,  is  a  white  ]>owdor,  like  terephthalic  acid. 

2.  Adda,  C,H^0j  =  C,U,(CII,)(C03H),. 

Uvltlo  Acid  (t"0,n  :  CH,  :  CO,H  «■  1 :  3 :  5)  is  produced,  together  with 
mcNityieoio  acid,  by  prolonged  boiling  of  mesiLylemt  with  dilute  nitrio 
arid,  and  by  lioiling  pyruvic  acid  (p.  757)  with  barium  hydrato.  8lendor 
needles,  melting  at  'Ihl^  C.  (548. ti^  K.)i  sparingly  soluble  in  hot  water, 
easily  in  alcuhuL  and  ethor ;  converted  by  oxidation  with  chromic  acid  into 
triraiwic  acid,  and  ri-solved  by  distillation  with  lime,  llrst  intt*  CO,  and 
metatoluic  acid,  afterwards  into  CO,  and  toluene. 

Zylidlo  Add  (<'0,U  :Cnj:C:0,H  =  1  :3  :4)  is  prmluced  from  psnu- 
documuiiL'  (p.  Ml';,  xylio  acid,  and  paraxylio  acid  (p.  fcl7),  by  prolongtni 
boiling  with  dilute  nitriu  add.  ludUttnct  colurless  crystals,  uielting  at 
28ua-283<^  C.  (r)3ti«-:)41.40  F.),  nearly  insoluble  in  cold  waU-r. 

laoxylidio  aoid,  formed  by  fusiug  jwtasuium  tuluene-dfsulphonnte 
with  sodium  formate,  is  very  much  like  xylidiu  acid,  hut  melts  at  3UM- 
3150  C.  (5000-51)90  p.). 

Isouvitio  aoid,  formed  together  with  phlorogluoin,  pyrotartario 
acid,  and  aretic  acid,  by  fusing  gamboge  with  potash,  orystalHiefl  ia  short 
thick  pritiuis,  melting  at  altvut  1(K)0  C.  <320O  F.>. 

3.  Aolds,  C„H„,0,. 

Cumidio  acid,  CjH,(CHi,),(CO,H)j,  formed  from  da  rone  and  durylio 

acid  by  prokmged  Ixfiling  with  dilut**  nitrio  acid,  crystallircrt  in  long  tr.'kim-. 
parent  prisms,  and  bublimes  at  a  high  temperature. 

Fhenylene-diacetic  acid,  CjlT^(CIl3.CX>jn)„  Is  formed  from  tolly- 
l.!n»  chloriile,  C,U,<CII/:i>,  (p.  828).  Long  needles,  melting  at  244^  C. 
(471. 20  F.))  and  subliming. 
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Phenoldlcarbonlc  Add,  CgH,0.  =  CjH,(OH)(CO^)„  is  formed,  to- 
gether Hitli  phenol  and  phenultriearboitie  ac'ld,  when  bttsio  sodium  salicy- 
late  is   heat^a   to   3«(>0-:i8lP  C.  (t;fe<)Ci-71(it>  F.)  for  «eTeraI   hours,  with 
fhHiU(*nt  agitation,  in  a  stream  of  carbon  dioxide.    The  product  is  dissolved 
78 
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mol  tricaxbonlo  Acid,  f,H,0,  =  C,H,(OH)(<:0,H),,  Ih  formed, 
tT  Willi  piitiuol-aitTjirUitiio  acid,  by  heating  scxlium  saliojUte  in  a 
of  corbou  dioxides  &ud  uoparated  lu  &  barium  aalt  in  th«  maunt;r 
dtiHcritHul  (p.  H'Zti).  Tho  f^^^e  acid  crystaUizt*  from  a  hot  oODOoli- 
aquooua  iiolution  in  tUivk  pri?*ms,  roiit.iiiiing  l]|,0  ;  from  dilute 
in  iiHedlea  with  2li,0.  iloalv-d  aUiVi;  lauo  C.  (3fiGO  F.),  it  is 
I,  without  previous  tusiuu,  iuto  CO,,  phfuuldicarbouic  acid,  uilitT'liu 
id  phonyl.     The  tthyiU'  tlher,  <--»tla(C-li.),0,,   fonua  long  ueedlea, 


1 


4CADBIBABIC    ACIDS, 

lOtotraoarbODio  Aoids.  C,n,(C0,H>4. 

Are  threu  poAsiblo  luodlflcatioiu  of  the9«  aclds,  &U  of  whtoh  hftTO 
obtain  ud. 

<1)  Prrompllitio  acid  (1:2:4:  fi).  is  obtained  aa  anhydride 
jH,(>,,  hjr  distillation  of  nitdlitic  arid,  i>r  better,  b^  heating  aodiuio  mel- 
iUtti  with  Bulphurio  acid:  C,,H/)„  »  r,,HjO,  -f-  2CO,  -f  2HgO.  The 
ihydrido  botli.>d  with  wntvr  yields  the  acid. 
PyroiiicUilie  acid  crysljUIizc^  with  2H,0  in  priRUiti  sli^'htly  soluble  in 
dd  wiitfr.riuiily  in  hot  water  and  in  alrohnl.  ]t  melts  at  2(»P  ('.  (Ii07.2O 
),  and  ia  wmverttMi  by  distillntinn  into  the  anhydride,  C,„H/V  which 
rm»  large  crytttala  melting  at  'IV'Xp  C.  (f>46.fcO  F.).  The  salta,  f,*U,Ba,08 
i4i  C,jli,Ca-0„,  are  wliite  insoluble  precipitates.  Tlie  effiylic  tOter^ 
(HjCrOj.CjUa)^,  forma  Bhort  noedlefl  melting  at  530  C.  (127.4©  F.>. 

l/iftirojitfTomeUitic  and  iMoh^rnpyromrllitir  acida,  C,pH,gO„  ^ 
,11,(11  J(('OjH)^,  are  fortm-^l  simtiltAtu'ously  by  the  action  of  ttodium- 
lal^'nm  on  pyromelUtic  aci<l.  The  former  remains  on  evaporating  ita 
Lhereul  solution  aa  a  very  soluble  maiia.  The  latter  L:ryeitalli2c8  with 
Illj0»  Kivee  off  iU  water  at  120^  C.  (24feO  p.),  mvHa  at  about  '2iii1^  C. 
[3920  F.)i  And  is  resolved  into  water,  CO,,  and  ttftrahydrophthalio  anhy- 
Iride.  Both  aoida,  when  heated  with  sulphuric  acid,  give  uiT  CO,  and 
Arc  converted  into  irimellitic  and  iauphthalic  acids. 

(2)  lanpyromellitio  or  Prehnitiu  acid  (1:2:3:6),  U formed, 
together  with  CO,,  trimesio  acid  and  mellnphanic  acid,  by  heating  hydro- 
and  iaohydrDmeUitifi  axiid  witli  strong  aulphnrio  acid.  It  crystallizes  in 
groups  of  large  prirtms  containing  211,0  ;  dissolves  easily  in  water,  and  ia 
irparattHl  from  its  concentratiyfl  snintion  by  hydrochloric  acid  in  crystala  ; 
melts  at  238^  C.  (460.40  F.),  with  formation  of  anhydride. 

fTt/droprnhiitie  acid,  pre])ared  like  hydropyromollitic  acid,  is  a  gnmmy 
mau,  re9olv»d  by  heating  with  strong  HulpUurio  add  Iuto  CO,,  pruhniUo 
aold  and  isophthalic  acid. 

(3)  Mf-lloph  anie  acid  .producftd,  together  with  prehnitic  acid,  forms 
Bmall  indistinct  anhydrous  crystals  united  in  crusts  ;  melts  at  215^^2380  0. 
(41iK^— 4ttO,4C  F.).   With  sodium- amalgam  it  yields  hydromellophanic  acid. 


HIXATOMIG    AOID 


MelUtlo  Add,  C„n^O„=C»(CO,U),.— This  acid,  having  the  constita- 

tiuu  nl  benzene  in  which  all  the  six  hydrogen -atoms  are  replaced  by  car- 

fiLyl,  occurs  as  aluminium  salt  in  meilite  or  honej/stotm^  a  inineral  found  in 


iNDioo  oaotfp. 


badi  of  Ugnltc.     It  U  sotublv  in  watvr  Miil  aloolul,  and 
eulorloM  dsbcUm,  laell*  when   Imatml.  ntui  is  rf^»lT«i   hr  H 
CUh  wiilv^r,  and  pjrmuwllilir  u. 
UM  bt^lUfD".      It  i»  «  Vfrv  hUi 

nltri  '     '-     ^      -■  -  ' .     -  ' 

1M> 

UjI -:,^  .,>   ....  :-.--..-.„  .-.^ 


■vi'li   H  illl    tUi*   UJU   u| 


C»(NH.),0„ 
C„(Al,)'H)„ 


Ammonium  iDellitAtvjri*^^^  by  distillAtiou  par*m  id«  tatd  ««i 
40 1 't.  Th<^  flintier  i«i  a  whitt*  amurpliouf)  RubeitAncv.  cimtAiiiiog'C, 
(!.'•»  tri-ummonif  nivUitute,  <^|,H.(NH^)30„  —  tJH,0),  and  com 
hy  boiling  with  w-at'T  ttito  arbl  aniinoniuTn  nif*ni(nt<«.  £mckrr, 
C„H,\.<»,  [«"*'jiH((NH(),0„ — 4U/JJ.  (..rms  iul(.rl«-as.  fl|ui.Hngly 
erjrBLals.  lu  iNinLuvt  with  xiiu;  atui  tlt-OKullKiDg  n^vnta  in  gvneral, 
a  dtwji  bluf  iuftulublo  aubatanoe  oalled 


ffyimmt'Hihc  acid,  <'i,H,^0„=  C<U,(CO,H),.  ii  alowljr  formed  br 
tloii  of  »iHliiitii-aii)>il>;am  ou  ammoniuiu  uiullitate.  Cotorlcs<§  tmtistia 
crystals,  eAdily  koIuIiI*^'  in  waiter,  ^'xbaaic.  Chau^uB  ilowly  hy  ki^piuj 
quickly,  witeu  Uvati**!  to  180^  C  (35ti'-'  F.)  with  strunf;  bydruehloric  sn'i 
liiti)  iMuhydruwullitio  avid,  C,,HifO,2,  which  crystal  lixos  in  thiui 
barU  fnur-4i(lLHi  prlsiuii,  dissolvtis  readily  iii  wator.  and  la  precipitated  fr<^ 
th(*  Milutioii  br  hydrijchlnric  acid.  Moth  the»e  acids,  h«*atod  with  sirol 
8uli>liuriti  acid,  yiuld  a  mixtore  of  prehuilic,  mellophauir,  and  trimei 
ai'idM. 

H.vdntmuUitio  acid  la  an  additive  eora]>ound,  lo  wbiob  tli«  double  lia] 
inK  of  the  altomatft  pnir^  of  u.'irlH>n-at4)ma  In  iho  Wuit;D«  nuolttua  ta  brokl 
up  by  tha  toktranoe  o(  th«  additioual  hydrogen -a  tonu  : 


CO,H 
CO,H— C— C-C— CO,H 

CO,H— C'— C-  C— CO,H 

UcUttlo. 


CO, 


CO 


H    U    CO^  H 

^u—c-J: c 

,H— C — C C— COjH 


•C — 

I  /\      I 

H    H    (T>.ll    fi 
Hydromcliltle. 
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INDIGO  GROUP. 


IndiRO-blae  and  its  Immodiato  derivative*  form  a  gronp  of  bMin?  Tipiirl; 
relatcjd  to  the  benzenr-Kfoiip,  &a  shown  by  th*^lr  prodnou  of  diHKimpositirt 
(aniline,  ortho-amidobonzoic  acid,  etc.);  bnt  th.Mr  confttlliitiim  cannot  y< 
be  r»*gftrded  an  prwisely  determined,  for  want  of  aufflciently  deflnit«  mod« 
of  syntht'lic  formaiiun. 

Xadigo-blna  or  In  d  Iso  tin,  C.H.NO  or  C,gH,.N,0-,  pi 
N— 4.;n,_CU— (11 

II  1 1     . — Indigo  is  tho  prodoct  of  aoreral  spsoies  of  plj 

N— C,H,— CO— CH 


INDItiO-BLUB. 
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(hft  genus  Itutiynfera^  growinfj^  in  India  and  South  America,  also  of  /m/ij 
liiu^toria,  AVriMm  iinrtoriwHy  I^Ayjotitun  tinclortum,  Aitd  utht:r  pLantii.  It  does 
not  exist  in  thctti*  plants  ruiMJy-fiirniijd,  but  is  pnxluced  l>y  dvcomptmitiou 
of  a  gluooside,  '-'stiljiNO,,,  oalled  1  u  d  i  c  a  n  ,  which  maj  be  fxtraet<*d  from 
th«<tn  hy  onM  alcobul,  and  forms  a  brown  bittpr  syrup,  et\»\\y  soluble  in 
watiT  and  aliNtliol.  Thin  snbetauci;,  when  bi)iU>ti  with  dilute*  actdit,  ureiuU* 
jecttHl  to  the  action  of  furments,  is  resolved  into  indigo-blue  and  iudiglucin, 
C,H„0, : 

C„H„NO„     -f     2H,0    =     C.H^NO     +     3C.H„0.. 

A  substancL-  similar  to  iudioan  soiuelluics  occurs  In  uriut%  and  gives  rise, 
by  its  cunver»iim  luto  iudigo-bluu,  to  a  bluu  coloration  of  tbo  liquid  when 
loft  in  contact  with  the  air,  or  tn-atMl  witli  sulphuric  acid. 

To  obtain  indigo  from  tbu  jilantn  which  pro^luco  it,  the  chopp«d  leaves 
and  twigs  arc  muovrated  in  watur  for  VZ  to  15  hours,  aft^jr  which  the  liquid 
is  pouriMl  off*  into  shallow  wooden  vettauls,  and  frequently  etirrod,  so  oii  to 
bring  it  as  much  as  pos^ihltj  into  contact  with  th<*  air.  Thu  indigo  thi^reby 
deiHRiited  is  s^'parntcd  fmni  the  brown  liquid,  boilod  with  water,  ami  dried. 

f'niuniHrnial  indigo  is  a  mixture  of  several  substauces,  all  of  which,  ex- 
cept iudigo-blue,  are  useless  to  the  dyor.  Boiling  with  dilute  acetic  acid 
extracts  i ndigo-y f latin ;  dilute  pot&sh-lye  then  extracts  ittdHgtt-hrotcn ;  and 
the  residue  yields  to  boiling  alcohol  iwliyo-rtdy  which  remains  on  evapora- 
tion as  a  red  powder,  sulublo  in  alcohol  and  e-titer.  The  residue  left  after 
boiling  with  alcohol  is  nearly  pure  indigo-blue. 

Pure  iudigo-bluti  may  bo  obtained  froui  the  conuuurcial  product  by  cau- 
tious auhtimation  ;  it  then  rises  as  a  Hue  purple  vapor,  which  condenses 
in  dark-blue  uccdlcs  having  a  coppery  lubtrt?. 

The  bt%l  methiKl  of  elTccting  tlie  sublimation,  is  to  mix  1  part  of  powdered 
indigo  with  2  parts  of  ploaler-of-Paris,  make  the  whole  iuto  a  paste  with 
water,  and  spread  it  up<m  an  iron  plate.  This,  when  quite  dry,  is  heat«d 
by  a  spirit-lamp;  the  volatilization  of  the  indigo  is  aided  Ly  the  vapor  of 
water  distMigngt^l  from  the  gypsum  ;  and  the  surfoco  of  the  moss  becomes 
covered  with  beautiful  crystals  of  pure  indigo,  which  may  b«  easily  t^ 
moved  by  a  thin  spatula.  At  a  higher  temperature,  charring  and  decom- 
position take  place. 

The  best  methotl  of  obtaining  indigo-blue  is  toredaco  the  crude  product 
to  indigo-white  by  the  action  of  fermus  sulphate  or  glucose  in  alkaline 
solution,  and  then  r<%oxidize  it.  It  is  on  this  principle  that  the  dyer  pr»- 
pares  his  indiffo-vat :  0  parts  of  powdered  iDfligo,  10  parts  of  green  vitriol, 
15  porta  of  slaked  lime,  and  tiU  parts  of  water,  are  agitated  together  in  a 
close  vessM,  and  th«n  left  to  stand.  The  furrons  Itydrate,  in  conjnnctian 
with  the  oxoefls  of  lime,  roduoes  the  indigo  to  the  soluble  state;  and  a 
yellowish  liquid  is  ppfxluced,  fruin  which  acida  pr^iipitate  indt^'o-whit*',  as 
a  flo«ulent  snbatanoe  which  absorbs  oxygen  with  the  greatest  avidity,  and 
becomes  bine.  Cloth,  8toep<»d  in  the  alkalino  liquid,  and  then  exposwl  to 
the  air,  ncqnires  a  deep  and  permanent  blue  tint  by  the  deposition  of  solid 
insoluble  indigo  in  the  substance  of  the  fibre. — Instead  of  the  iron  salt  and 
lime,  a  mixture  of  dilute  caustic  Sfwls  and  gTai»e-3ugar  dissolved  in  alcohol 
may  be  used;  the  sugar  becomes  oxidized  to  formic  add,  and  the  indigo 
rednot*d.  On  allowing  «nch  a  solution  to  remain  in  contaet  with  the  air, 
it  ahsnrlis  oxygen,  and  deposits  indigo-blne  In  the  crystalline  stnt**. 

Indigt^blue  is  said  to  have  IxMm  obtained  by  treating  liquid  nitro-soelo- 
phenone  (p.  892)  dissolved  in  chloroform  with  a  mixture  of  soda-lime,  and 
ainc  dust,  according  to  the  equation, 

N- 


I 
I 


NO,— CjHj 

Nltro-aeetnphenone  (S  ranis). 
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Indlgo-blue. 


I8ATIM. 

at  t(i«^  itDkntU.r  of  Indiffo-blua  thni  obUinad  is  Alw^jr*  vtty  snalt, 
Ap|M*Ant  to  Im^  vpry  ilidlcult  to  atiocrtiUa  Una  prvciii*  mniffriotia  iuid«r  « 

thm  trftEuifuriualiuu  Ldki's  i>1jui<.* 

XBai«0-whtU  ^r  Bydrlndlsotln    •'    <«    >^ '»     "   -.*.^,i    -tatad  hj  hj- 

druciiluric  AOt«t  rrotu  itii  alkuUiii-  »«'l  .,jt  of  WMUMl 

with  the  air,  lu  a  wUit«  cryfUUiuM  j  -Uoir  «cdar  ia 

itlcokol,  I'ttu'r.  oud  alk.aliv«.     It  in  cuuverl*^  luW  iutli^t>-b)ue  bj  expwv 
tu  tliK  Mir,  uiil  into  iinlul  b/  dUtUUlioii  witb  xiuc^luat. 

IndlKO-Snlphoalc  Aolds.— Wh«ti  indi^o-blae  U  lt«fttc>d  for  a  coo- 
•iUciAi'lu  tiiud  with  «  to  10  \iAr\s,  uf  strong  sutpbniic  acid*  it  dis«olT«t,  iHtb 
Ibraiatiou  of  »  UKiiuK  aud  di-sutphuiiiu  acid. 

Itt  d  itco-mi)  UU8  ulphonid    acid,    C^H^NjO   S(i  ii    <  v^/.j 
or  l^tiHuinnJftffiHir  ofui}^  tMtparat«B,  on  diluting  di 
aa  a  btui-  |m«wiUt,  *^>IubU*  in  pan-  water  and  m  at<  <  r 
dQate  a<Tida.     Ita  aalla  are  rad  in  the  solid  stal«,  but  diA*oWe  in  watfT ' 
UtM  oolor. 

iDdlgo-dUnlphonio   acid,    C„H,N,0,(J=W>»H),  iStJfJkimH^ic 
StJfthinJylic  ariV),  remains  in  the  &Urat«  from  tbo  nuinoHutphnitio  add,  a 
emutitatea  tb«  solo  proiiuct  when   Ifi  parts  of  bulphuric  add  ar«  vavd 
dUsolve  1  part  of  iudlgo.     To  »L*parate  the  acid,  clean  white  wool, 
Tiousl/  boibxl  with  sulutiou  uf  sodium  carbonate^  is  dipped  into  thv  liq 
and  as  s<nn  as  it  has  acv^uirtHl  a  ilark  blue  oolor,  it  is  taken  nut.  w. 
with  watL^r,  and  U>ilod  with  amiuoulum  carbonAte  ;  tbu  riitulting 
U  priH'ipitii(«'d  with  lead  a(*elati*,  and  the  prtH'ipilate  decuuip<isi<d 
drugt'ii  f<iitphiil«.     In  this  manner  a  wdurU-sa  Bulution  or  h  vdrin 
ti  II -dltfulption  io   acid,    t'lsMj.NjOjCSOjll),.  ia   obtained,  whiih, 
0K|>n«ure  (m  tlin  nir,  m  quitkly  otmverted  b^- oxidation  into  tbv  disiilphu 
acid  uf  indigo-blue,  whi<:h,  on  ova{M)r&ting  the  solution,  reinains  in 
form   of    a    blue    amtirphous     moss.      The  salts,   C,4lI,N,0,(SO,K)f 
C|,II,N-Oj(9f»,Na)j„  known  in  ootnincrce  as  indigo-caruiine,  are  pjv 
on  the  lar^e  scale  by  adding  potassium  acetate  or  sodium  sulphati! 
dilute  Ht»|utinn  uf  indigo-blue  in  sulphuric  acid,  washing  the  bine  prrci| 
tate  with  rtolulinns  of  the  same  salts,  and  pressing  it.     They  furin  ixip 
coIodmI  mAJ<ses,  blue  iu  the  flnely-divided  state,  and  dissolving  with  bl 
oolor  in  pure  water. 

cf*— r(OH) 

laatln.  C^n^NO,  s  CgH^-^"     ^  ,  ^  obtained  by  oridizing 

dijro  with  chnmiic.  or  belter,  with  nitric  arid.  Powdered  indigo  is  ml 
with  water  to  a  thin  pai»te,  liefit<il  to  the  boiling  piint  in  a  large  capsil 
and  nilriu  add  in  add.Ml  bv  small  portions  until  the  blue  color  disappt-a 
the  whole  is  then  largely  dilutini  with  boiling  water,  and  filtered.  1 
impure  isntin  whinh  separatwi  on  cooling  is  washed  with  waUfT  contain 
a  little  nmmonia,  and  reoryslallixed.  the  process  requires  carcfnl  m 
Kgnin<^nt.  or   the   oxidizing   action   proceotls   too  far,  and    the  product 

destroTt^l.  ^  ,  ,      -        .   - ,    - 

Uatin  formfl  deep  vellowish-red  prismfttic  crystals,  sparingly  solnble  m 
C(*ld  wat*»r.  freely  In'boiling  water  and  in  alcohol.     The  solution  colors  ' 
skin  vellow,  and"  causoa  it  to  omit  a  very  diRagreeable  iKbir.     laatin  wh 
heatrti  melU  and  yublimes,  with  partial  dooomposition.     It  unitw  with 
sulphites  uf  alkali-metal,  forming  orysUlliue  compounds.     U  dissolves 

•    Emm^rUnK  stMl  EBflsr,  Deulsoh.  Ohem-Oes.  B«r.  Ix.  1431,  Cham.  8oe. 
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allcalips.  fnrrntn^  riolet  Kolutions,  fmm  wliiuh  nilvcr  nitrnto  thrours  i1o\rii 
«  rt<<l  pri*cipitaU!  of  C\l{|AgNO,.  Un  boiling  these  liolutioiu,  tile  uiatiu  is 
cuuverted  intu  Uatic  acid,  aud  the  colur  chuuguii  to  yellow. 

katiD  ia  oouv«rt*Hl  by  uitrouH  udid  into  nitronalioyliu  aoid.  Dis- 
tilled with  KtTODg  potMh-ffolution  it  yields  aniline.  On  heating  it  to 
SiN*  C.  (17(P  K.),  with  pho«phorii8  trichlortde  and  phosphorus,  dissolving 
the  product  iu  water,  and  k'ariug  the  solution  oxpoeod  to  tlio  air  for 
tweuty-four  hoar*,  it  dt>p<>sits  iudigo-blue. 

CUorihated  and  BromimUcd  dcricaiirfM  v/'  Ittutin  (mono*  and  di-),  r.  a., 
C.H^CINO,,  CgHjCIjNO,,  ftu,,  are  formi-il  by  paKtiiug  chloriuf  or  broiiiiue 
into  thti  hot  aqu^'OUA  imlution  nf  inatin.  Tht^i'  ci>miMumlK  i  rystallixu  well, 
and  ar<5  converted  by  fusion  with  potash  into  «uU<titulod  aiiilinca  ;  e.jf., 

C^H/'INO,    -I-     4K0U     =     Cjl^CI.NH,     +     2t.0jKj    +     U, , 

Isatiii  iHtiled  with  ammonia  yiebU  amido-durivatives,  whieb  have  been 
but  littUt  examined.     By  rLtduciug  agantii  it  ia  convurted  into    isatyde, 

laati  nsulphouio  aoid,  CgH4>'0,.S0,H,  formed  by  oxidation  of  In- 
digoftulphonat*^  (indign-curmine),  in  vury  soluble^  and  cryHtallizes  with 
difficnlty :  it  formii  derivatirea  aualugous  to  thoue  of  iaaliu. 

Isatyde  or  Hydroitiati  n  ,  ChH^NO,,  is  forme^i  when  isatin  i»  warmed 
with  dilute  sulphuric  aoid,  or  when  it8  warm,  »aturat'.Ml.  alodiolic  solution 
ia  mixLHi  in  a  cIoimmI  floslc  with  ammonium  bydroHulphide,  the  liquid  then 
gradually  d(fi)Otoitiug  the  taatyde  in  colorliAs  erystalltne  scalefl.  It  is  tastis 
lesis,  insoluble  in  water,  ulightly  soluble  iu  alcohol. 

TJiioitatjfde,  tlj^H„N2ti,0^  ia  fonned  on  passing  hydrog«*n  snlphidu  into 
■n  alooboUc  solution  of  iuatio,  and  ia  precipitati>d  ou  dropping  the  flllered 
solution  into  water.  It  is  a  graytsh-yelluw,  puUeralfut,  iiiH-rystallixable 
aubsiance,  wliich  aofieUH  iu  hot  water,  and  diKitolveit  in  nIrviboK 

India,  C„Hi,NjO,  (ismneric  or  pttlymerio  with  iiidigo-bluL'),  ia  formed 
on  triturating  thioiuatyde  with  potassium  hydroxide,  gradually  adding 
aKxibol,  and  washing  the  reddened  mass  with  water ;  alM  by  boiling  a 
aoluLifin  ufdioxindol  in  glycerin.  It  is  a  crystalline  powder  of  a  fine  rose- 
oolur,  insoluble  in  water,  slightly  soluble  in  alcohol.  It  dissolves  wheu 
heated  with  alooboUe  potash,  and  the  solution,  on  cooling,  deposits  potaa- 
aium-iudin,  Ci5M,KN,0„  in  small  black  crystals. 

laatlo  Acid,  or  Trloxlndol,  ChHjNO,.— The  violet  solution  of  Isatin 
in  {>otush-lye  turns  yellow  wheu  heated,  and  then  contains  pifitmstHm  isniatr, 
C^H^KNOj,  which  is  deposited  on  evaporation  in  yellow  cryKlala.  This 
salt,  decomposed  with  an  acid,  yields  isatio  acid  as  a  white  powder,  soluble 
in  water,  and  resolved  by  beat  into  isatiu  and  water. 

Hydrlndio  Aoid,  or  DlOxlndOl,  C^H^NOj,  is  formed  by  the  action  of 
awlium  on  isatin  suspuudfd  in  water,  or  dissolved  in  an  alkali,  isatic  acid 
Jbcing  first  fonnod,  and  then  reduced.  It  crystallizes  Sn  yellow  prisms,  is 
I  toluble  in  water  and  in  alcohol,  and  fonus  crvstalline  compounds  both 
with  bases  and  with  acids.  It  melts  at  180OC.  (366^  ¥.),  and  decomposes 
at  105C  C.  (3830  p.),  with  formation  of  aniline.  The  aqui^ous  solution 
turns  red  (ai  exposure  to  the  air,  from  fonuation  of  isalin  :  when  Ixiiled 
with  Ammonia  it  tarns  violet.  Mftallic  salts  added  to  the  solution 
throw  down  crystalline  compounds,  anch  as  C|,H,AgNl)j  and   C^Hil'bNO, 

Dioxindol  treated  with  nitrous  acid  in  alcohoUe  solntion  is  oonvorted 


4 
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Into  nitrota-tHaxtmU,  (yi«(NO)NO,.  wliioh,  whea  luMi«d  with  nil 
or  MlW(*r  uzido,  ^ir'ldjs  tHJUAaliUThydtj. 

OxlndoL,  C|tl,NO,  U  formud   \)y  tisincxion  of  dionindol  vUb 

Aiiialgatu  111  aciil  bolutlun,  or  with  tiu  and  bydrwhl*'*-''-   •>•'■  ^     •■•* 

lui*<i    til    (VilnrlMBM    UiMKll'Vt,  rAKtIv  aiituliln  lU    hut  wai< 

It  im-lu  At  lil^^C.  {-Mi^o  K.).  »"'»  when  hnatrtl  in  - 
\m  flulitliiiiHl  witlitmt  ili*c!oiu)Mj(iUutu.  It  fnrms  cr/HU-ltixable  saltf,  boj 
with  acuIh  mitl  willi  huAtw.  lU  aqueous  solution,  «rv^a|>orat«d  in  an  fip4 
Ti*Mi'l,  ie  partiaUv  Dxi'lixfl  W  dioximlul.  Nilruiis  add  oonrtirt^  it  iw 
nitroMoxindol.  ('^H»(^'**)^*^^  which  cr^aUllisc^  in  Jong  golden-yellu 
n•■o(lU^a,  alighliv  soluliltt  ia  water. 

Indol,  rjI^N,  \%  foruMl  bj  distilling  oxlndoi  ovor  heated   i\ 
mid  l>y  fuHiri^  ortboQitrooinnatnic  acid  with  potiuraiuiii  bjdruxid« 
initios  (tu  nlMtract  oK^gen): 


C.".< 


CILrCH.COjH 
NO, 


CHg— CH 


+     CO, 


It  ill  prodiired  in  tiirg«r  quantity  (aliout  0.5  pur  cent.)  by  digesting 
allMiiuin  nr  eg^  albumin  with  pancroatic  JnioA. 

Indul  cryiitalliz'w  from   liot  wat<<r  in  largt*,  ohining.  ralorloM  lamina 
ri>«i<mbling   U-nxtiio  arid,  and  iimt^lllng  like  iiapliihyl.iiaine.     It  melb  i 
ri2^  C.  (I'iTi.tiO    F.),  bitiU  with    partial    di-nomposition    at    about    ^450  ( 
(4730  v.),  Tolutiltzv!)  ill  a  vacuum  without  ilecomjiotiition,  and  dintil 
HAJiily  with  va{M>r  of  water.     It  in  a  weak  bane,  ita  aalt'^  lLH.-ing  il- 
l>y  iKnIJn);  with  water.     Its  r&]}or  oolors  a  deal  abaving  mo)-' 
hydruuhluriu  aoirl,  docp  cherry-rod.     Ita  solution  apidulati-d  win   „ 
chloric  arid  la  oiloriil  roitri-rcd  by  polaaAium  nitrito.     Tlie  rodilish  t^tUti 
atiuii  Ih  likewise  proilucL^l  by  Huvfrnl  other  rtiagonts.     Indol  fojsod  witi 
ixilasb  is  cHtuverted  iiitu  aniline  (prub.iMy  through  the  mtxliuin  of  ofttU 
aniidtilMiiuolo  acid).     Ozone*  p.'MBt'd  through  an  aqueous  solution  of 
forniH  a  small  (jiiaiitily  of  imligo-bUK 

Tlie  fiirniatlon  of  anilino  from  indol  and  iU  tlireo  bydrosyl-derivi 
by  fusion  with  )>otaK)t,  and   their  conversion  into  antltranillc  and 
salleylle  aoids  by  ri>);iilutod  nxitlntion  witli  uitrie  aeid,  show  that  in  Ibe^ 
IxNlies  Mm  IvMizt'ne-inirleus  C,I1^  is  dirct^tly  Itnktti  to  narN^n  and  to 
gen.  and  that  the  OH  groupie  an*  sitnatixi  in  the  lateral  cbaini. 
may  aocoriiiugly  bo  reproseuted  by  tho  following  formula  :— 

<CR,.CH 
N 

indol. 

cn(ou).c<oH) 


C(OH),.C 

Trtoxlodol 


ortM 
'f  iodj 


aH,.C(OII) 


OKiodoL 

Ttafl  formation  of  anthranlllo  (1  :  2  amidohnnioto)  sold  ahowa  fnrti 
thv  lateral  I'hains  in  these  compounds  oi.'cupy  contiguous  places. 

Indol  is  therefore  an  ortho<^jompound.  An  isonierio  ('^iniH>uad,  whU 
bait  a  hi<;h.r  ni.-Uing  p(unt,  890-91^)  C.  (i:>2.2C-l'Jr..80  K.),  aud  doe«  d< 
yiehl  indi>;o-hUie  when  tn'ntwi  with  ozou«,  is  formed  by  ht*atLng  albamB 
with  excess  of  potassium  hydroxide. 


^A 


niPHENTL   OBOUP, 


933 


DIPHENTL    GROUP. 

oomponnds  of  tlkU  group  o<mtain  two  or  mnrA  bensi'ne-niioloif  anited 
eithur  direcil/  ur  ilirongh  the  luudiuu  of  other  c&rbon  groupi. 

Hydrocarbons,  C„Hj„_,4 : 


H<^-C« 

HCrrCH 

/ 

\ 

y 

\ 

HC 

c 

-<: 

CH 

^ 

^ 

V 

^ 

lie- 

-CH 

nc— en 

This  hydrocarbon  Is  formed:  (1)  By  pwtRiug  U»nz(,'iie-rapor  through  a 
red-hot  tube  coiituiuing  frftgniciiU  of  puiuino  :  2C,H,  ^  ^'uHio  +  Hj. 
This  in  the  b<*at  iiu^hixl  of  preparing  it,  the  yield  ftmounting  to  atMut  30 
per  cent,  of  thu  tM*nzc>nc  usecl. 

(2)  liy  Ihu  actiun  uf  sodium  on  hromobenivnv  (phenyl  bromido)  dis- 
Bolvttd  in  (-^ther  or  beusene  : 

2e,HsBr     +     Na,     =     2NttBr     -»-     C„H„  . 

(3)  Ry  hoatiuf;  a  inixtureDf  potoseium  phfmittu  and  tii>nxoate  or  oxnlat«, 
and  in  Htuall  tiuautily  (tugether  with  beuzuiii')  liy  buatiug  Utnzuie  avid 
with  llnii*. 

(4)  TogoUier  with  other  prodacts,  by  the  action  of  alwholio  potauli  on 
nitrate  of  diazobi*nzene  : 


Dliizob«a-         Alcohol.        DiphcDyL        Altlcbytle. 


2N, 


Diphcnyl  appears  aUo  to  bo  one  of  the  oonstituenta  of  crude  anthrnecnu 
(p.  1(61).  and  pttJibtrH  oviT  iu  thu  distillaliuu  of  that  ttubstancu  at  about 
%m^K'..  (5(H)OK,). 

iJiphfiiyl  vrysiallizcs  from  aloohol  in  iridescent  nacreoua  Boalos,  melts  at 
abiiut  70.f|Oe.  (iriS.!*0  l.\),  subtimt^s  at  a  higher  It'mperatnre,  and  boiI«  at 
2&4°  e.  (4t^i).20  K.)*  When  dis»olvt\L  in  glacial  acetic  acid  it  ia  oxidized 
Ly  chromic  anhydride  to  bcnitoic  acid. 

Diphcnyl,  subjccti^  to  the  actiun  of  halogen<i,  nitric  acid,  and  snl- 
pburio  acid,  vit^lds  mono- and  di- dubetitution-derivalives.  In  the  forinorf 
such  ttsC„li«Hr.  C,^H,(NO,),  C„H^(SO,H),  the  substituted  radicles  stand 
to  tho  plane  of  Junction  of  the  two  ht^nzene- nuclei  in  the  para-po(dtion. 
Tiie  di-cb'rivatives  are  known  in  two  isomeric  modifications,  tho  most  fre- 
qmmt  being  those  in  whicii  both  the  Ditl^stituted  groups  are  in  the  para- 
poaJitioQ  relatively  to  tho  point  of  Junction : 


\ 


Br 


NO, 


/ 


\ 


\ 


/ 


Br 


NItro<broiaof1lubenyl 

raj. 


/ \      / 

Moaobromodiphenyl 

(jiaraj.  (pAra-pari 

By  oxidation  with  ohromio  anhydride,  the  monoflulwtilutod  diphcnyls 
yield  ]mra-derivativeB  of  U*nzoio  acid,  the  group  e^HiBr,  for  examiib', 
being  oxidized  to  (1  :  4)  bromolwnzoic  acid,  while  tho  other  gronp  (e^ll^) 

IU  broken  op.  The  di-derlvntives,  on  the  other  hand,  are  converted  by 
DfXidalinn  into  two  para-*leriv:itiveAof  Iwnzuic  acid,  <?•'/.,  ejH^(N0j).C,H4Br 
bto/>-nitro-  and  /i-bromolfcnzoio  acid. 
I  itfonocA/orof/i/»AfBf /,  C„H,CI.  form»»d  by  the  aj^tlon  of  PCI  j  on  oxy- 
Bphenyl  (C„H,.OH),  forms   colorless  crystais  melting  at  750  c,  (167° 


^ 


^ 
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F.>.     IMUnW^HUye,  C^n,CV  fron  buuiduie>,  melts  m«  1400  C. 
F.>. 

ffrmmoJiphtWft,  CuH^Br.  fr>nzu  Umiiuv.  Delta  at  99^  C.  (19^.t^' 
MU  U  SliP  C.  (MHK  F.).     Cull^Br,  fonxtf  pristtM  imIUoc  at  1( 

Cja*'*'/*!* A^"  «'i  C,,H0.CX.  oljtainM  b;r  dry  distillstioD '-•''  » 
«f  dipb-  olphonaie  i  o(  poUHiom,  fonii-  ii 

•M^jraaiuUU  &b  akolwl.     /^ 

«tSS40C;  (4&X:^  F.J,  s|iinn^i_y  *oluui«  lu  o,>ld,  Iroclj  jo 


^  ryaulliiee  in  needles,  roolt*  al  11.1 

Iw  4i»turui|:  mmaa  Bi^u-otvn>t>rnioat«  wiLh   ,  r,.tt(*   iiu>ltaj 

«fO&  (IMJ9>r.KMMi^ii«  to  nwknob,  at  F.).  ac«i 

taf  «a5A«hft.«    Two  rfwtfw  iia^iamirfi,  f,,Il^» :..  -  ;..  ...,imU  bj 

lk«*f  fUHStf  nitne  acMoa  diplienrl  ;  thi^  lf3»  a<>1uMo  in  alrr.! 
[tt  at  iiaoC.  (41S.«'i  F-).  and  Loila  34i)0  c.  (tJ44°  F.) 


J..»f;»^  ..f  .1,^  -.: 


lw»«wtta 

With  tin  and  hrdr'> 
Uol  water  or  alooL<_  i 

n>«ni!din<*,  C„tl,(>'n,)„  is  also  producexl  by  Iho  action  of  sodjoi 
munotiromaniliue.  aud  h.r  iuults*ular  transpofiition  of   hydrnr.^    - - 
cnutai^t  with  aiidrt  (p.  S52);  furtln.T,  by  beating  ax<>U>ni<>nv 
bjrdrooliloric  und  Ui  llaO  c.  (2ai*^'  F.)i'»ud  bj  paMing  SC»,  iuL_   .:.^  _1( 
hulio  ftolutiun  of  that  oonipuuud  : 

I     -f     211,0    4-     so,    «    80»H,    + 

IWiniMln**  crrstallixn  in  sHrprr  lamina,  easily  ftnlublif  in  bot  wat«>r 
%KvM.  ni.'Uinjj  at  1180  C.   (244. 4^  F.).  »nd  fiubliniing  with  partial 
■«U)tin.     It  IB  a  biacid  b&8«.     The  nUfhitr,  Ci^HuN^.SO^H,,  is  m 
iH«t  111  watvr  and  alwhol. 

i|i|i«nvMinidA  nr  Carhaxol.  C^jH^N,  U  formed  by  paaaiag  the 
w4  aulUue  or  nf  dlph«>nylaniino  tbroagh  a  rL-d-hot  tube 


CJl 


+     H, 


,r  nil  (3200-3600  C.  GOff^UlSOO  F.).  Mid  as  &  by«-prodl 

■  1  uf  antVinp. 

.  ••  (n  nhininir  Inininn'.  hoIuWp  in  imt  alcohol,  elhfT, 
■  X    r  f4r.0,4='  F.),  and  distiU  at  3540-3f.50C.  <6rt9.J 
"tnff  snlphurtf  acid,  with  yHlow  coh>r,  «• 
K'  ajronts.     Witb  pioHc  acid.  It  forniB  a 
r.Ml  nr^wilos  meltinj:  at  1$20  f.  (351>.(P  F.). 

>.  i*|p  with  oarbaiol.  liki?wi(i(»  oocDn  in  mal-l 
.4  to  «Ml|^huric  acid  from  the  portion  boiling  be- 

^^i.   •»«  I  J»hrwib*r'"»''  fOrChemle,  t8T4.  V^. 


d 
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Iween  320O  c.  (G08O  F.)  and  3S0O  c.  (68OOF.).     It  forms  rhombic  orystiklf), 

easily  soluble  in  ali.'ohol  aiitl  ether,  melu  at  1U7^  (.'.  (224. 1}0  V.),  siubliiuvti 
in  bruad  nt>ctlltfti  at  KKfO,  boilH  at  a  loiuporatore  above  3liliO  C.  ((ihtiC'  f,). 
Il  uiitttis  wilh  ocida  (uarbazul  dc>ca  uol)  furuiiug  saltii  which  art}  deoom- 
poi»ed  by  boiliug  wilb  a  iargv  (quantity  of  water. 

Dipkenyiau. phonic  aciJa,  C„II,(:50^H)  and  C,3Hg(S0,H,),  are 
formiHi  hy  heatiug  dipbtinyl  with  8trong  Huljtlmrit;  auid,  thu  former,  bvw- 
evtif,  vtiiy  whvu  a  very  amuH  i^uaritiiy  uf  bulpJiurio  acid  in  ublhI.  TUo 
diaulpho-acid  orystallixes  in  long  deliquesceut  priMua,  mtdtiiig  at  72. 5°  C. 
(I'il.U'^  F.).  Tbtiifu  aoida  fu»i.d  with  polaaU  yivXd  the  curruauunding  pb&- 
uoU,  C„H,(OU)  audC„U,(UU),. 

Ilydrocarbona,  C,jH,j : — 

Phenyl  tolyl,  C^lIj.C,!!,.^!!,,  is  forinvd  by  the  adiou  of  Bodium  on  a 
mixturt!  uf  biuiuubiMi/tiUu  oikd  parabn>iuiituluuut»  dilut<yi  with  vthvr.  It  ia 
a  wtlnrbjoB  liquid  of  BpwiGo  gravity  1.015  at  21'^  (80.tJO  K.j,  boiliug  at 
2(J3'^2(J7^  C.  (jU5.4O-0ia-t^'  h\),  aolidifyiug  in  a  frwxiug  mixluro. 

Diphenylmethane,  C,j,n,j  sss  CjHj.CIIj.CjHj  (lienzyl-henzene),  ia  ob- 
tained by  boating  a  mixturu  of  bouzcue  (^  parts)  and  benzyl  ohloridu  (10 
parts)  with  zinc-dust  (3  or  4  parts)  in  n  v««jtt!t  with  reversed  condenser. 
Colori<!sa  oryetallinf?  maaa  made  up  of  needlea,  and  having  an  odor  of 
oranges ;  melts  at  :iiP^27'^C.  (78.S''^-80.tiO  P.),  Uiils  at  2til'^26;PC.  (501  .SOt- 
.•ifin.ijO  p.);  di;*twilvt*s  4>AHi1y  in  alcnhol  and  ether.  PanBed  through  a  rtwi- 
hoi  lube  it  yields  diphenylene-nu'thanc,  C'ljli,!,.  Ghruiaic  acid  mixlurti 
uxidizes  it  to  diphenyl  ketone,  C'0(CfU^,.  U  dissulvBit  iu  sLroug  nitric 
acid,  forming  two  dinitro-derivativea. 

Diphenj/l-dtioronetkam,  C,Hj — CHCl — C,Hg,  formM  by  the  action  of  HCI 
on  beAzhydrul  (p.  940),  is  a  urystalliao  mass  lueltiug  at  14^0.  (57.20  F.)* 

Hydrocarbona^  ^',,11, 4: — 

Dltolyl,    I  ,  prodaced  by  the  action  of  Bodiam  on  p&rabromoto- 

luenp,  forms  uionoclinic  crystals,  easily  Boluble  in  hot  aloobol,  melting  at 
1210  c.  (2411. tjOF.). 

Dlbensyl,  =  ran...fTT,.Cn,.r,n|,,  forniM  by  the  artton  of  sodlnm  on 
betizyl  nbloridc*.  und  by  heating  stilb^ne,  tolane,  Iwn/oin.  denxylwinzoTn,  or 
toluvlene  hydrate,  with  hvdriodic  acid,  crv!»talliaes  in  large  oolorlosa 
priaras,  melts  at  Sff^C.  (125'.6<^  F.),  Ndla  at  2840  C.  (543.20  F.);  diaaolvwi 
easily  in  hot  aloohol.  Heated  to  5000  c.  (9320  p.)  it  vlelds  siilbone  and 
uaueue:  2C,,H„  =  C„H„4.  2C,H,. 

Dlphenyl-etbantt.  C,,H,,^Cr,H03rn — CU,^  ia  form«l  by  the  actmn 
nf  ^tilphnric  m'uX  on  a  mixtnre  of  paraldehrdf  and  beniene  f2r^Hp-l- 
r,H.O_H,Oa-r„H„).  Colorlpfls  liquid,  brtilinir  at  2RflO_270OC.  (514.40- 
ftl90  p.),  ftolidifying  in  a  fr(?*«ing  mixture :  oxidized  by  chromic  acid  mix- 
ture to  b*»nzophenon(». 

A  mixtnr*>  of  2  mn\.  >>r<nr*»np  and  1  mol.  chloral  or  bmmnl  with  stmng 
Itnlphnriri  arid.  vioUlsi  In  like  manner,  di  phen  vltrirh  I  nrethane, 
f^«H,),r:R— rri,*  (rolnrleas  lamlnw  mc^ltinff  at  fi40  C.  147.20  F.).  or  di- 
phenyl* rib  rompthane,  (C,FI(),rH — CBr,  (mmnK-linic  rryolals,  m.  t>. 
^90  C,  1P2.20  F.)-  A  mixture  of  benzene  and  dlohlorethylic  '• 
fr,H,ri),0,  aimilflriy  treated,  yielda  diphftnf/-mnru>rAlaretAa»e,  {CJi 
CH,ri,  Ks  an  oil  which  deooraposos  when  didtilled. 


Bjyi 


I 


DIFIIBNTL  OliOUP. 


Benft^rl-tolueiM,  C',,ll„  =s(\U,.l'H,.(\ll,.(*If„  formed  bj  fMsatng  ibs 
diiRl,  ifl  ft  colurlMw  Uquld  boiling  at  lU>>=L.2btP  c.  C&4^^^>-M6.«o  p.), 


tlM    Mtk 


BjdrooArbont,  Cun„:— 

Dltolyl-motbana.  <'•"»<!'•  tjV.^'  ^  ^^^  ,  formed  by  tl 

millihurip  acirl  ..«  ji  mUtart-  uf  im-lliytiU.  t*H,(OCU,),  (p.  5*00),  toll 
aittl  (cla»!ial  aoolii:  in-M,  li  a  Hijuiil  not  sidiilirving  ni  — KiOC.  (f*iJ 
U<11iiif(  ftt  21*110  C.  (5MO  F.)' — C'l^U^Br,,  foruu)  long  Dt.H.*iUes  mAut 
115 '  C.  (231)'^  K0-— ^liUt^CNO^,,  furini  oulurloM  cryiUU  raelUn;  «l 
C.  (3'J7.'>-  F.>. 

Dibenayl  methaoe,  C,H,,CH,.CII,.C-H-,  froin  dibenay!  keton«liy  h< 
UiK  witli  HI  and  phoHphortia,  in  a  nDU-aolidillable  liquid,  boiliug  at  2 

H«MUvl-«*thrl-l'<>n2>-im,   ('fll^.CHt.l'^Uf.C'.ll^,    Trom   bouxyl  chloride 
Umumih's  is  a'colorlosti  liquid  boiling  at  2U-I'^^&0  c.  (6Ui.2Q-At>3Q  K.), 

Bthyl-bensAne-tolaeno   or    Pbenyltolyl-atliane, 
CH,.CH<^.*[}'**-^*\  formed  by  bwatijig  bruunrthyl-Uriueiio  (p.  827) 
toluonv  withxiuc-dust,  ia  aliquid  boiling  al 27dO..280O C.  (532.4a-63(io: 

Hydrooarbons,  C,|U||: — 

Dltolyletbane,  CH^— rH(r.»,.rUj)„  obtained,  like  diph«tiyl-^thi 

frniii  pat  Jil<l<')iv'<le,  t'OUu-nt*,  and  sulplmric  acid,  i^t  a  liquid,  boiling  at  '2ii{ 
21IH0  C,  (fMi;jCLl5titi.4^  F.).  not  solidifying  at  — 2(.iO  C.  ( — 40  p.), 

8iniilar1v,   hv  thp   Oflrt  of  i^hlorxl   instead    af  pKralddiyde,   is    obtai 
CCI,— CII(C,H«.(:H,)„  In  vryaLils  im-Uiug  ul  bi^  C.  (192.20  F.)  :  wid 
dioblorbthyllo  oxide,  CU,C1— LUl(C4ll4.(;H,). 

Dlpheuyldimethyletbane,  I  ,  obUiuad  \a  the  ftcUoal 

«)diiini  on  gwMMidary  plit-nvU'thvl  cUIorid*!,  C,H..CHCl.Cn,  (p.  882),  fc 
nwnUwi  molting  at  123.50  C.  (2&4.30  F.). 


Diphenylene-methane  or  Flaorene,  C„n,a 


CH„i»fo 


by  boating  dipl.Pnylonc  kflnno  with  xinr-rtast  or  with  hvdriodir  add  ■ 
amorphnuM  phoHphonw  to  16(P  C.  (32<»  p.),  .,«o  bv  pa^^ing  the  yapori 
diph^nyl-methano  thronph  a  rM-hot  tnln..  Tt  Ih  rontainod  in  the  ^ 
of  wal-tar  oil  boihng  at  300CU^0fio  r.  (?i720-5S10  p.).  it  rrvsUlli 
from  hot  alcohol  ,„  c>olorl..Hs  lnmlnfl>.  oxhihitiri;:  a  beantifnl  rioM  fltiq 
j«t^.n«^ ;  meltfl  jit  ll2Q-ino  f.  (233.fiO_235.40  F,>,  hoilp  at  305O  c.  rsPW 
t.)  ;  unites  with  picHo  snid.  fnrmins  a  oomnonnd  which  rrrslalli«e»!  in  rod 
n«?dl«i  meting  at  R«10-S2^^  r.  (1760-179.60  F.).  Bv  oxidation  with  i^hnv 
niic  aoid  mixture  U  yirlds  diphenyl.!(De. ketone,  CO(r,n,— C\n,). 

Dlphenyl^bensene.  f'i«TT„  =  C,n/r.l!j),,  Is  form«d  by  thp  aotlnn  of 
Hodiiim  nti  a  mlxtnrt^  of  bromolMmzon^  and  paradibrrmiobonaono.  and.  to-_ 
gether  with  an  isonuTic  compound,  by  pnaelug  a  niixt""^  "^  diphonyl 
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bensvnn  thmagh  r«d-liot  tub^s  :  bence  those  two  isomeric  oompoundt  Ar« 
obtaine<l,  na  SHcoudarjr  prodacti,  in  tbe  pruparatiou  of  diplutn^-1. — Uiphu- 
nrltwniene  fonan  gruupis  of  u«edlt«  slightly  solublti  in  hut  alcoliol  mnd 
«ther,  melting  at  2(l^o  C.  (4010  p.),  aubliming  I'wily  and  boiling  at  400O 
C.  (7520  F.)*  By  chromic  anhydride  and  glaoial  ac«tio  acid  it  is  oxidixud 
to  rlJpb«*nyloarbnnic,  and  aft«rirardj  to  t«r<fphthalic  acid.^/»nf/i/iAmy  ben- 
Mene  mvlLi  at  hOO  {'.  (1»5'^  P.).  and  bofla  at  about  36UO  C.  ((iH(>^  K.)> 

Triphenyl-methane,  C,,H,.=3r,H. — CH(C4Hj)„  is  formed  by  heating 
benxal  chliiridi'  to  15yo  C.  (30^  F.)  with  mercary-diphpnyl : 


C;H5.CHC1,    +     <C.Hj),Hg 


HgCl,     +     C.H,— CH(C.H»),; 


also  by  beating  b«>nzhydrol  (p.  04O)  with  benxene  and  phosphoric  anhy- 
dride lu  140O  C.  i'Ih4^  K.>- 

(C,H,),CH.OH     +     C,H,    I-     (C,H6),CH(C,H4),     +     n,0 . 

Shining  laminae,  melting  at  920  C.  (197.60  p.),  boiling  at  about  StiOO  c. 
(HHIO  F.)*  Bv  bromine  and  water  it  ia  oouverted  iuto  triphenyl  carbinolt 
which  moltfl  a't  1570  C  (314.60  p.). 

Tolyl-diphenyl-metbane,  C3pH„«=<r.H4),CH— C,H,— <:H,,  prepared, 
likA  the  preceding,  irum  tx-uahydrul  and  toJueuu,  is  a  ooiorLuas  liquid  u( 
high  boiling  point. 


Trlpheny]-b«iuene,  C„n,B  a=  C.HjCC.Hj),,  ohuined  by  heating  aeeto- 
pht'ooiif  (p.  M*'J)  witli  phcwphnrlc  anbydrirlt:',  forms  largo  rhombic  cryB- 
tals.  melts  at  Itilto  c,  (:i;i6.20  F.),  boils  abore  3tiOO  C.  (ttHuO  F.),  diaaolvot 
eu^ily  in  ulouliol  and  in  bencuuo. 

Tetraphonyl-«tluuie.  C^H^  « (C«H.),CII— CII(  Cgll^),,  obtained  by  the 
action  of  sine  nii  n  ttolution  f>f  iM-iizhyurol,  i'^ll^.CllOlKi'fli^,  uiixtnl  with 
fuming  hydrochloric  acid,  forms  large  pridm?i  m«-'Uing  ai  lU'if^  C  (40S.2O 
P.). 


^611 


Et  hone- derivatives. 

Dtphenyl-ethene,  Ci^H,,.-— Of  this  hydrocarbon  there  are  two  modifl- 
caliuiiit,  symmetrical  and  unaymmetrlcal. 

1.  Stilbene  or   ToiujfUnr,  C.Hj— CH" CH— C.Hg,   U  formed  in  a 

variety  of  reactions,  especially  by  dry  distillation  of  benzyl  sulphhlc  or 
dinulpliitle  (p.  882);  by  the  action  of  sodium  on  beuxald»'hyd«  or  lM_<nzal 
chloride ;  and  by  passing  thH  vajjor  of  <lil><<nxyl  or  of  tolni'iiu  uvur  huatod 
lead  oxide.     It  is  most  easily  obtained  from  Ih^uxvI  sulphide. 

Stilbene  crystallizes  in  largi>  Uminir,  disj^nlviw  easily  in  hot  alcohol. 
mclU  at  1250  c.  (-r,70  P.),  diatiU  at  3UUO-:Ui7tJ  t'.  (582.SCM»84.ttO  F.). 
By  heating  with  hydriodiu  acid  it  is  converted  into  dibenzyl ;  by  oxidation 
with  chromic  acid  mixture  into  ttfnzaldehyde  and  Iwnzoio  ai:id.  It  unitita 
with  bromine,  forming  C.^ICuHr,  (crystalo,  melting  at  230OC.,  440°  F.), 
which  is  aUo  produond  by  tlie  action  of  brnminti.  without  cooling,  on 
dibtruzyl.  By  alcttliolio  pfttaiih  tbiit  liromliln  Is  t-onvt^rti'd  Into  bromostU* 
e,  CjjHijBr  (crysUls,  m.  p.  2:iO  <;.,  77°  K.).  and  tolaim. 

2.  laottitbene ^  CTI.T   CXi\\\^')^^  »n»ymm^ric  tlifthtn^iHhenf,chtii\ned  by 
illng  diphenyl-monochlortdhane  (p.  935)  with  aleoholle  |totash,  Is  a 
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I  tton-«oUdif/fiig  oil,  which  boils  At  ST70  c.  (630.00  p.),  lad 
oODTrrt«(l  hj  oxidAttoo  into  diphcnjl-ketone. 

Tetxaphenyl  etheoe,  0.11,=  (C.R,),C^C<C«nj,,  obteiacd  bj 

AOiiou  of  fintrly  UirMinl  silrvr  on  lwncopK4.>>noni9  cbhjrMle,  And.  tvgell 
wilh  dtphcnyl-mL'lh&tie,  »nd  other  hydrocarbons,  by  Ucatuig  bMUOp 
nnn"  with  tiiie  duiit,  is  ■  wbiW  cryvtalline  powder,  mrlting  «l  3210 
(•4U9.b^  K.),  ei>&riQgly  soluble  in  aloohul  and  etlier,  eaailjr  io  brnsano. 


Tolano.  r„lT„  =  r.II^— C^C— C,H„  Dip^m^  arHyleme^  obtainwl 
boUiii^'  Atilbt'iii*  bromide  wUh  alcoholic  potash,  forina  larf^  orysl 
iUK  At  60O  C.  (14()0  K.),  oasily  soluble  iit  sUxdud  and  other.     It 
dibmmidn.  C.,H„Br,  (m.  p.  64f>  C.  147.20  K..  and  2«*<i-20>o  ^„^^ 
401^  F.)<  fo^ilv  c«mrertiMt«  cue  into  tho  other  ;   aud  two  dichloriaes  (ts. 

630  and  ISJo  C,  145.40-307.40  V,), 


Phtnottm 

Ozydiphenyl  or  Dlphenylol,  C,3n,.on  =  C,Hj— C,H,.OH,  is  fofmrJ 

/  fu:«)ii}{  thu  jHttajt^ium  Mitt  uf  di  phony  la  ul  phonic  acid,  C,]ll,.Sn,U,  with 
potAssiiinj  Itydrosidf,  and  hy  the  action  of  potassium  nitrite  en  amidi. 
pbi*iivl  Milpliale.  Culorlt'iw  moixiclinic  crystals;  inHts  at  I&l^-lltrfO 
tJ27.20-32yO  K).  boils  at  3o5C^30bO  C.  (:ieiO-5S6.40  F.)  :  volaUtiaes  w 
vaptjr  uf  watt*r  ;  dissolves  «^>ssily  in  alcohol,  ethvr,  and  alkalies  ;  aud  w 
fiui?  grovn  t*i>lor  in  strung  ^tilphuric  acid. 


DrJ 

I 


Dloxydlphenyl  or  Diphenol,  C„H^(OH),  =  C,H/OH).C,H,COn).  ii 
foriiiinl  by  t)i«'  action  of  infUiiig  p<>t<b;li  on  jiotosslum  diphenyl-parasul- 
phnnatt*  \  slso  froui  Iwntidiut*  by  tliif  dinzo-reactlon  ;  and  by  fusing  potas- 
iiiuin  par/tph<<nol-s(i]phnnate  with  alkalies.  C'olorb?ss  rhombic  crystali, 
roeUing  »l  15'P-  1680C.  (313.80-31G.40  F.).  An  isoraoric oompoiind,  which 
crystal lizfA  fmm  alcohol  in  sliining  need1t«  nieltiuf;  at  ZG9O-27<'0  C. 
(riKi.'JO-^lHO  F.).  is  formed  by  tho  action  uf  molting  potash  on  potassium 
diph*'uvl-<lit!tulplionat«. 

Dlpbenylene  Oxide,  C|,H,0  ^  |       ^^^i  formed  by  heating  phenyl 

phosphate  with  lime,  or  more  readily  by  heating  phenol  with  leiitl  oxide, 
orystallixvfl  in  Umin»,  molta  at  810  c.  (177.80  F.),  and  boils  at  3730 
(5^.4<^  F.). 

Hexoxydiphenyl,  r'ljHio*^  =  C„H/OH)g,  is  formwi  from  Its  letri 
thylic  othiT  (hydruuvruligiton(f>  by  tho  action  of  strong  hyditwhlorlo 
hydriodiu  aoid ; 

Ct^,(OH),(Oai04    +    4HC1    =     4CH,ri     +     CuH/OH),. 

It  erystalUsce  from  wnler  in  silrery  lamina ;  dissolves  in  potash^Iye 
fine  blne-violel  oolor  ;    is  converted   by  acetyl  chloride  into  a  ho3 
componnd  ;  and  reduced  by  boating  with  sino-dust  to  diphenyl. 

BydrocasniUgnone,  CuH^Hq^j*'*  ,  Is  formo'i  from  ocsrullgnone  by 
the  action  of  tin  and  hydrochloric  a. 'id.     It  crystallizes  from  alcohol 
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oolorloBfl  Uminv,  nolU  at  190O  C.  (374^  F.)  and  distils  almost  witboat 
dvcompoaition.  It  ia  a  diatomic  phenol,  and  is  resolved  by  HC'l  or  HI  into 
CU|CI  and  hexoxydiphenyl. 

CcenxllBnone.  f^i«H,gO,  =  C^ll,  <  (^^__^]l*  ,  separates  as  a  violet  pow- 
der in  the  industrial  purification  of  crude  wood-rin^gar  by  means  of 
potassium  dichromate,  and  is  obtained  bj  the  same  means  from  the  frac- 
tion of  beeuh-tar  boiling  at  270O  C.  (51SO  P.).  It  is  insoluble  in  most 
flolvents,  but  dinsolves  in  strong  sulphuric  acid  with  a  fine  com*tlower  blue 
color,  changing  for  a  while  to  rod  on  addition  of  a  large  quantity  of  wat«r ; 
also  in  pheuol.  from  which  it  is  preuipilated  by  aloobol  and  ether  in  slender 
Bt4*fl-blue  mii^lea.  Hy  rt^iuoliou  with  tin  and  hydrochloric  acid,  it  is 
converted  into  c^ilorless  hydror<i«ruli^non«.  Ci,H,^0^,  which  is  reconverted 
intn  ooeriilignoni^  by  oxidation,  tin*  two  bodies  being  indeed  related  to  one 
another  in  the  same  manner  as  quinone  and  hydro<juinone. 

Dithymoacyl-trichlorethane.*  Ca^— OII(C,0H„OH)„  is  formed  when 

sulphuric  acid  diluted  with  ^  vuJ.  of  glavial  acetic  add  ia  added  to  a ooolcd 
mixture  of  1  mol.  chloral  and  2  mol.  thymol : 

ccij— Clio  +   2c„HuOH  ==:   H,o  +  cci,r-<^n(Cton,,oir), . 

A  white  prwcipilab*  is  then  formed,  the  alcoholic  solution  of  which  yielda 
the  compound  in  white  monoclinio  crystals. 

Dithymoxyl-tricUlorethaue  is  a  diatumio  phenol,  and  when  treated  with, 
CjIIjOCl  or  C^HjOCl,  exchanges  iu  two  pheuotio  hydrogens  for  acetyl  or 
benzoyl.  By  strong  oxidizing  agenta  it  is  converted  into  ihymoquinone. 
Heatnd  with  ztnc-^lnst,  it  exchanges  its  chlorine  for  liydrogen.  furuiiug 
dithymoxyletlianc,  C^EI^t^O,,  part  of  which  is  converted  by  loss  of  U,  into 
dithymoxyletheuG,  C„H„0,, 

DithymoxylPthane,  CH, — CH(CiaH„OH)p  crystallizes  in  rounded 
plates,  melting  at  180O  C.  (3fi(P  F.))  lolublo  Intaost  of  tbu.usual  solvents, 
exe«pt  water. 

D 1 1  h  y'm  oxylothene,  CH-ZlC(C,jH,jOH)„  forma  necdlo-Bh  aped  crys  - 
Uls,  uiflling  at*  170O-171O  C.  (338CL-339.8^  F.),  IusoIuI-Ih  in  water,  rather 
more  soluble  than  the  prer^vljng  in  othnr  solvfutit.  Treat<Hl  Kith  weak 
oxidizing  agents,  as  with  potottBlum  ferrooyanidu  in  dilute  alcoholic  solu- 
tinn.  it  forms  greon  cr>stal8,  C„H„0„  melting  at  214Q-;il50  C.  (417.'.?^ 
419^  F.)t  solubb*  in  t»»luene  and  in  uhUirnfonn  ;  Imt  if  tin*  Kolutiim  be  pre- 
viously riMiderwl  alkaline,  a  red  precipitate  is  formed,  which  disnolves  in 
chloroform  and  ff(*parates  thnr-'from  in  rod  crystals,  melting  at  21fiO  C. 
(41DO  p.),  and  having  the  composition  C^H^Oj. 

A  mixture  of  dithymoxylt*t!ifno  and  the  red  oryntals  dissolved  in  chlo- 
roform deposits,  on  erapf»ratJon,  the  al)OV(»-describcd  green  needlea : 
C„H„0, -4- C„H„0,^C„ll„Oj.  Hence  it  appears  (hat  ditiiyui'»Kylt«th«»ne 
and  the  two  priKlucts  of  its  oxidation  arc  reh-itLtl  to  one  another  in  the 
■ame  manner  as  hydroqulnone,  quinhydrono,  and  quinone,  thus: 

CH  <f^'i«^ii^"      CH  </V^ij^H  HOH„C,o^r,f|         p.T  <^u!'n*^ 


Slthymox/letliena.         Dllhrmoxyl-qulohydroopthCDe. 


intliyniM&yl- 
Quitiuaetbene, 


•  Thl»  nnmponnrt,  <*m)  thoie  which  follow  It.  wpr*»  (llnflnrerrrl  by  Pr.  E.  JMcr 
[Dfutteh.  Chem.  Qet.  Brr.  1S74,  1 I9T  i  Clitfm  Soc.  Jfttirn.  I5T7,  *«),  who  (iMiBnntM 
thrm,  oot  Af  tliyiT)n)iyl-enrTi|>ountI«,  Imt  n»  thyntyl  I'ompouiicjB  ;  but  Iht-  tinmo  ••ill- 
Viyniylrthtnp*' bcluriiE>  proiwrly,  not  to*  plifnol,  but  to  the  hyilrtwnrbiMi  t'.-,H„ 
I-  *-mj-OH[0,oll^U  homologoui  with  diphcuyl^thaoe  ant)  dltolyUlhaDo;  ftod  -- 
of  th«  rest. 
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B«nmhrdrol«  C„n„0  ■.C.Hj— CU(OU)— C,n^,  is  obtained  hy  iho  ftciioo 
of  aijUiuiu-aiuolgnin  uu  a  solution  of  btmzophrnone  in  dilate  aloubol. 
oryaUllUiMi    in  noedliv,  mrlta  at  Gti^  0.  (154.4^  F.>t  and  boiU  al  2dt ' 
(AtfS.4Q  P.)i  vil'li  partial  deouiupcMilioa  iiiio  wat«r  aud   teiiihjdro| 
etb«r,   [(C,H4),Caj,0. 

Tolnylene    Bydrato   or   Btilbens   Hydrate,    C,«H|,0  -^  C,H«. 

CH(<  tH).*'^!!^,  Iii  fonitrd  hy  tli<i  action  of  smliiiu-aiiialgamon  deoxrbenj 
,.H„0  (p.  ^4i),  au'l  by  lK<atiiig  d«Mtxybt)UJUiia  ur  hydrobenzoLU  with 
Ditc  ptttasli.      Lon^,  AlfnHvr,    brittle   niMHiles,   haviiig  a   Titraoiu    li 
llMltiDg  at  6.PC.  (l4:i.tP  K.)  :  Insoluble  in  watpr,  easily  soluble  In  ale 
and  etliar.     K«aolvod  by  Veiling  witli  dilute  sulphurio  aoid  intu  stQt 
and  irat<ir:  oxidiied   by  uitHo  acid   to  dooxybeiuo^n  ;  reduoed  by 
dlU-niyl.     With  acetyl  chloride,  it  foruia  tolaylants  acetatet  ^i 
O.C,1I,0,  vhioh  is  a  vL-wid  liquid. 

Dlmetbylbensbydrol,  CuHMOaCH0U(C«H«.CHa),,obUinM  by 
actiun  of  tiodium-aiuaigam  on  ditolylketone  in  aloohoLic  aolutiou  ' 
•Ivnder  n«edl«*s  melting  at  6!>0C.  (156.20  F.). 

Trlphenyl  oarbloo]  raH(,0«  (C,Hj).C(OH),fromtripbonyl-mfltbi 
by  oxidiiti'iii  with  climiuic  a^'id  mixture,  forma  munocUnio  or^'BtalB, 
at  157^  C.  (:JU.60  k.),  boils  without  decoioposttion  abore  3(UtO  c.  (( 
K.)-     Its  •olvtion  iu  bentfuo  heat«d  vith  P,U^  ylulds  triphctiiyl-mcthl 
and  dibMuyl. 

Tolyleno  Olyoolfl.  C 

tion,  catlod  U y  d ru btf  u £u'i  11  and  Isohy  drobenioTn,  ar>.>  formmi 
th*i  rnrtion  of  &iuo  and  hydrtwhlorio  avid  on  benzalduhyde ;  ahw  by  thai 
soillam-Jiin.tl|$iun  on  the  anmo  uuropound  in  atc«holio  solution.     By  ox 
tion  with  olirmuiu  acid  mixture  both  of  thom  arv  convertinl  into  beu 
hydtt  and   bttnxoio  acid  :  oonnifqueutly  th«y  must  be  repraeented  by 
furrauln  ; 

I  and  I  . 

CgUj.CU.OU  C,HjXH, 

Nuw  one  of  thum  OiydrobenzoTu)  {a  the  sole  product  of  the  aoijon  of 
diam-amalgam  on  benzil,  C'«1I^ — CO — CH — i\H^ :  this,  therefore,  must 
MpMMBted  by  the  left  hand  or  HymmotrioAl  formula ;  and  isohydrobtmi 
if  not  a  mere  physical  modlGciation,  by  the  nnBymmetrical  formula. 
thi*  ftotion  of  PBr^,  both  oompouuds  are  oonvorted  intotolylene  dibromide, 

B  vdro  benxotn  is  sparingly  soluble  In  water,  easily  in  alcohol, 

.    '   'liies  iu  lar)k'0  rhombic  pUtea,  int'ltiuj?  at  132.50  C.'(2i0.5O  p.), 

!<  without  di<(.v)ra])OAition.     By  h<>Attiig  with  strong  nitric  acid  it  i» 

« j.;.vt   luto  bonioin.     Its  aeetvlii::  utiiur,  Cj4H,|((X'.-H,0)„  forms  lai 

prUuu  welllnc  nt  i:i3c^l340  C.  (271.40l.273.20  p.). 

Uohy drobentoln   cryBtaUizes  from  wster  fn  long,  shining,  foi 
sided  hydrAted  prisuu,  which  ef&orvsoo  ou  expotiure  to  the  air  ;  from  i 
Iwd  iu  Ruhydn>u»  uionooUnio  prisms.     It  melts  at  119.ftO  C.  (247.10 

?i  mart)  «oUibU  in  alculml  than  hydrobeuso'iu  ;  is  not  oourerted  into  b«ui 
y  uitriu  acid. 
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FlQOrenyl  Alcohol,  Ci^H^O  —    [*   *^CH.OH,  produwd  by  the 


Action  of  sodium-amalgam  on  an  alcoholic  aolntion  of  diphenjlvne  ketone, 
forms  eolorleu  hexagouol  laminv,  melting  at  1530  C.  (307.4^  F.}. 


^^R 


Ketonea. 


henyl  Ketono  or  Bensophenone,  C^U^.CXt.C^H^^  \n  formed 

oxiiiatiun  ul  tlipUciiyl-uiethuiiu  iiiui  diplii:nyl-<>thanc  (j>.  564)  with  chroiiiia 
acid  loixture ;  by  huatliig  mercury -diijUoiiyl  (p.  845)  with  boiixoyl 
chloride;  and  mofit  readily  (togi^thi-r  with  beiuiiDu)  by  diiitiUatiou  of 
oaloiam  benxoate.  It  usually  crystallizpH  in  larg«  rhombic  pri»uiii  [nclting 
at  4t>o^HO  c.  (118.4^-124>.2P  F.'),  Homntim«a  also  in  rhombohodrons  melt- 
ing ul  27^  C.  (80. fP  F.)  :  thu  latter  modification  is  ooovei-ted  ou  standing 
into  the  former.  It  luis  on  aromatic  odor,  boiU  at  280O  C.  (563^  F.)^  dis- 
solves easily  in  alcohol.  Treated  with  PCl^,  it  is  oonTerted  into  benxopho- 
nonic  chloride,  (C,H5),CC1,,  a  liquid  boiling  at  about  300°  C.  (5720  F.). 
Bodium -amalgam  c--ouvttriii  iC  into  beiizhydrol  (p.  940). 

^m.    Phenyl-tolyl  Ketone.  C,,H,,0  »  C.H^.CO.C.H/CH,),  is  obtained  in 

^^wwo   iiiiMlillt^ationH   by  oxidalifm  of  Itenxyl-tnluene  ;  by  heating  a  mixtiiro 

^^bf  benzoio  aoid  and  tolucutt  with  F,0, ;  by  heating  a  mixture  of  calcium 

^Hliensoate  aud  parntuLuate  ;  and  by  boating  Lwuxyl  chloridu  and  toluene 

^^Erith  zinc-dust.     The  a-oompound  (para)  «xtHls  in  two  diiiu>rphoas  modili- 

^^Hktions— one,  hexagonal,  melting  at  50'^  C.  (131>^  F.)  ;  the  other,  mono- 

■      rlinic,  molting  at  &UCm;oo  c.  (138.2O-1400  F.).     Boiling  point,  3100-312^ 

C.  (59UO— .')93.tiO  F.).     Ui^ted  with  flo<la-limu  it  yii-ld.s   benzene  and  para- 

toluic  acid.     The  ^-compound,  whii'h  is  liquid,  has  not  been  obtained 

pure.     By  dtatlllation  with    zinc^ust,  it  yields   anthracene;    with   lead 

oxide,  anthraquinono :  the  s-oompound  does  not  yield  thcso  products. 


Ditolyl  Ketona, 

950  c.  (203^  F.). 


CO(CgUf.CHj)j,  forms  rhombio  crystals  melting  at 


Dlbenmyl  Ketona,  C0(CH,.r,H5)„  obtained  by  distillation  of  calcium 
«-t»>luate,  foruw  colorless  crystaU,  m.  p.  3(P  C.  (80O  F.),  b.  p.  32iiQ--3210 
C.  (6UiA-609.8O  p.);  yields  by  oxidatiun  benzoic  and  cartiOJiio  acids. 


Dlphenylana  Katono,  C*|,HbO  a  CO 


,  obtained  by  heating  di- 


phenin  acid  or  phenyl-benzoic  acid '(p.  942)  with  lime,  also  by  oxidizing 
fluoreno  with  chromic  acid  mixture,  forms  large  yellow  rhombic  crystals, 
melts  at  B4P  C.  (183.20  p.),  tioils  at  33UO-33fiO  C.  (ii30.8O-e39.6O  F.);  U 
converted  by  reducing  agents  into  flnoreod,  by  fusion  with  potash  into 
pheuyl-benzoio  acid. 

Bansoln.  C,jr„0,  i»  C,H,.C0.CR(OH).r,nj.  formed  by  heating  hrdrn- 
benzr.iii  with  nitric  acrid  (spoeifle  gravity  1.4).  and  by  mixing  bitter-almond 
oil  with  a  oonoontraled  alcoholic  solution  of  potassium  evnuide,  crvstaU 
lizmt  in  shining  prianis  melting  at  1330-1340  C.  (271.4^^-273. 2°  P.)';  riirt- 
solves  sparingly  in  water  and  in  cold  alcohol  or  etiier.  freely  in  hot  alco- 
hol. Converted  by  chromic  acid  mixture  into  benzaldehyde  and  bensnio 
ii4:  t^  WntiPg  Vitb  fuming  hydriodio  avid  into  dibenxyl ;  by  heatir' 
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vlth  Al«ohoU«  poU«h,  Into  hjdrolMDtoin  and  beazil«, 
zyUc  ftcAd,  benoio  ftotd,  Aod  otU«r  prodaou  ; 


tegMktf  wlU  W»- 


Bvftioui. 


B>(lruteaM>laL. 


With    acet/l    olilorid«   ft  /iclds     «c«tjrl.b«nsoin, 
whloh  lorau  cryvtAU  melting  *i  Tft'^  C.  (167^  P.). 


Kfttone,  C„R„0  »  c;H|. 


Oeoxybenmols,  or   Phenyl-bensyl 

CUjUjIljj.  19   |i)nuL*«l   by  tlu' a..  iH'ii  ..[   iiiii;  kiid   hvdn^tcLIoric  ftdd 
ftota  jtuii  cltloruLMextxUo  ;  hy  bcaltuc  mut)ttbrutu<i>tilb«uewiLlt  vater  to  11 
!»!>'  ('.  (J&uCt-a74^  F.;,  Asui  Ity  dikUUstiou  of  &  uuxtur«  erf  Hrai^atr 
A-luluAt»  »f  c»lu)i(U  : 

c,ii4.a).0H  +  (V!j.cHrCo.oH  »  CO,  +  H,o  +  c.Rj.co.cai/y^ 

It  crrseAll{z««  from  alcohol  in  Urg«  plates  melting  at  bLO  c,  (Uiofj 
•ubliinc^  without  doootnptiflition  ;    ia  ooovert«tl  by  «odium-Amalnm 
loloylriic  hydrate  (p.  94ti),  by  PC\  intomonochloroColajleoe,  and  by  b<«i 
JUg  Willi  hjrdriudiu  acid  iuto  benzUe. 

BenmUe,  C,  J{,^0,  «  C^H(CO.CO.C,H^  (DAmimyr),  to  fhrmed  br  os 

lion  Mf  bt^uioin  wiih  iiitric  acid  or  chlorine;  and,  together  with  sUWm 
by  huaCing  9tilbeii<«  bmiaido  with  watrr  aud  silver  oxide.      It  orystalli 
In  Ur|;e  iiix-eid<>d  prbma,  melting  at  9(0  C.  (194^  P.),  inftolaM«  in  wat 
nlulili?  in  alcoliul  and  ether.     By  oxidation  with  chromic  acid  mixti 
la  oonvt^rtM  into  benioic  acid;  by  na«c«nt  hydrogen  (rinc  and  HCl, 
iron  niingB  and  acetic  acid)  into  benioin  :  br  bt>«ling  with  PCI^  into  bel 
silti   chloride,  C.,H,oOI,0,  or  C.Hj.CCVCf^C.Hj^  which  crvaUlliaea 
rhombic  prisma   mfltintj:   at  71^  C.  (irii».K>  P.).  ^^^  ^  onnrerted 
and  IK-'l  into  dt-oxyltfiiioin.     Bcnxilrt  and  ita  chloride,  heated  to 
(3y:tfi  p.)  with  PCIj,  yii^ld  tolane  t«trachl6rid«,  C^U,,LV 


I  pro- 


k 


Dfphenylcarbonio  Acid.  CuIl,pO,  =  C.Hj.C.H4.CX),H  (1  :  S),  ia  pro- 
diuvti    by  bfaling    i-yaniMiipiu'nyl,  ('„Hy(CN),  with   aloobollo  poUab 
984).  or  by  oxidizing  diphciiyl-btMiioiU'  (p.  936)  diaaolred  in  K^aofAl 
ac(d  with   rhroinio   Aiihvdridc.     It   rryKtalHiefi   from   alcohol  In  tufta 

nt^eilles  ;  mc'Ila  at  2IS  -21!)0  C.  (424.4b-420".2O  P.);  id  converted  by 
inK  with  liuiti  into  dipUuuyl,  aud  bjuxidatiun  with  chromic  acid  iuto 
plithalic  uoid. 

Pb^nyl-beniolo   acid.  C„R,„0,  »  C,Hs.C,H^.CO,H.(f  1  :  2). 
ducod   bv  the  action  of  melting  potash  on   diphenvlene  ketone  (p.  1*4 
forms  ramified  crraUlB,  melting  at  UOO^lllO  C.  (230^.231.80  P.); 
verled  Into  diphenylene  Iwtune  hy  heating  with  lime. 

Dlphonyl-dloarbonlo  Acid,  C,.H,oO,  «  C„H,(CO,H),  {pnra),  ft 
dlcy.iti'xltpheTi.vl,  <',^H,(rN)j,  Is  a  white  amorphooa  powder,  insolubb 
alcohol  and  ether,  neither  fntfibte  nor  •obUmable.      Heated  wilii  limel 
vtt'lde   diphenvl.     Us   barium  and   ealcium  Aalia   are  neatly  iusotuble  I 
water.     Tlie  d'iethyllc  ether  melts  at  U2^  C.  (2.33.80  p.j. 

IMphonic  acid.  iRomcrio  with  the  la«t,  !•  formwi  by  oxidation  of  pheni 
threnn  or  phenanthrene-qninone  with  chromic  acid  mlxturH.  [|  melts 
8200  C.  (438.80  P.),  HuUlmcfl  in  npedi(«,  dlaaolveg  w»ry  eaaily  in  nieol 
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and  other.  The  barium  and  oalcioin  salts  are  euUj  toluble  in  water ;  the 
dlethylic  uther  is  liquid. 

Dtpbenylaoetto  Aoia.  C„H,|0,  »s  (C,Il(),cn.CO.OH,  is  formed  hy 
heating  twnzilio  avid  niih  hydriodio  acid  to  150^  C.  (302O  F.),  aud  b/ 
heating  a  mixture  of  pUtiuyl-bruiuaovtic  acid  and  beuzvuu  witji  ziuc-dust : 

C,H,.CHBr.CO,H     +     C.Hg     =     UBr     +     (C4Ha),CHX0,H  . 

It  orjstnllixfa  from  wati*r  in  slender  neinltes,  from  alaUiuI  in  lamiiic,  aud 
melu  at  t4t>  -  C.  (21M.HOK.);  is  convert*^  by  uhnioiic  at'.id  mixture  into 
diphonyl  ketone  ;  by  lieating  with  soda-lime  into  dipbenyl-methiuie. 

Diphsnyl-glyooUlo  *>r  BensiUc  Acid,  C,.U„0,  »  (C,H^),CCOH). 
COjIi,  is  fonitt^  by  ptuuiiag  brumiuc-vuptpr  mto  dipLuiiyl-auvlic  aoid,  aud 
bf}iling  the  product  wiLhwHtctr;  alau  by  heating  btsnaile  with  alt-uliutiu 
I>ota»h  (not  in  exi-vsit)  ;  Id  this  rfaction,  a  trauHiHrtiitiuu  uf  atoms  must 
take  place.  It  iryBtallizes  iu  shming  needlen  or  prittnis,  easily  nolublc  in 
hot  water  and  in  alcohol ;  meltd  at  IbiJO  C.  (302'='  K.),  turning  timI  at  the 
same  time.  It  dissolvos  with  dark  red  color  in  sulphuric  acid.  Dy  heat* 
ing  with  HI,  it  is  converted  into  diphenyl-acetio  acid  ;    by  oxidation  into  « 

diphenyl  ketone ;  by  distillation  of  its  barium  salts  into  benxhydrol  (p.     ^M 
940).  ■ 

Bensoyl-bAnxofo  Aoido,  C,JIn,0,  s  C,nj,.CO.C,n..CO,H.— Tlie  pan-  '' 

moclificatiuu  is  f<»ruiod  by  cjxidjitiun  uf  solid  pht-nyltolyi  krtime,  ;wjra-ben-  « 

iyl-bt>nzoio  acid,   benxyl-tolu*>ne,    UMicylotliyl-benxmo,  and    othyllienxy]-  ^M 

tolaoDe  (p.  930),  with  chruuiio  ooid   mixture.     It  sublimea  in   Unifnit,  ^M 

resembling  benzoic  add,  aud  uimIU  at   194^  C.  <3B1.20  F.).     The  ortko-  ^M 

modification,  from  liquid  phcnyl-tolyl  kolone,  crystalUsea  from  hot  water  ^| 

in  need  1  us  or  priHms  containing  1H,0.     The  crystals  melt  at  850.87^  C.  ^V 
(18&OuiS8.tiO  F.);    the  auJiydroHB  add  at  1270-12»3  C  (2()0.(JCu2«2.4O 

1^   BenEhydryl-benioicacids.  C,H,.CH.(0H).C,H4.C0,H.— Thn/wra-       ■ 
^Jiisld,  formed  by  the  action  of  nasa>nt  hydrogen  on  /mru-lieniyl-buuxoic  acid,       ^^ 


crystallizes  in  ueedles.  mt<lts  at  \tJ4P^U(tO  c.  (327.20--32»o  F.),  »nd  is 
recouverltfd  by  oxidation  into  /frira-benzoylbcuzoio  acid.  The  orfAe-acid 
cannot  Iw  obtained  in  the  free  state,  as  on  attempting  to  prepare  it  by  the 
aetion  of  nascent  hydrogen  on  vrfAu-beuzyllwuzoio  auid,  it  splitii  up  into 
water  and  the  anhydride  C„n,jO,.  This  oomponnd  crysUllizes  from 
aU:<ilioI  or  vtluT  iu  prisms  melting  at  ll&o  C.  (23l»0  F.)  ;  Is  tx>nvertt'd  by 
oxidation  into  orfAo-btiizy  I  benzoic  acid,  aud  by  I'Clj  iuto  anthraquinone 
and  vhloriuatod  compounds. 

Benzyl-benioic  acid,  CHH„0,«C,Hi.CH,.C,H,.rO,Tf.— The /wro- 
acid  isobtained  by  the  prolonged  ootion  of  HI  and  phospborus  at  lfl<K)-170O 
C.  (3200-3380  F.)  on^ru-benioyl-  or  benzhydryl-bonaoic  acid.  Lamin« 
or  needles,  melting  at  1570  C.  (:iI4.C'-'  F.).  Tlie  orrAo-acid,  ol>Uined  in 
like  manner  from  ortAo-benioyl-benioic  acid,  forma  Blonder  shining  needles, 
melting  at  114^  C.  (237.20  F.) 
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phtbalene,  t*,„H,. — This  hydrocarbon  is  produced  in  the  deeon- 
pohiiiuu  of  toluene,  xylene,  and  cnmene  at  a  red  heat  (p.  810)  ;  alao  by 
passing  vsjkt  of  lH>tut*ne,  clunaiuene,  ohrysenn,  or  anthra<N>n*>  through  % 
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rtMB,  trmaukuvnt,   brilliant,  cryiitAlliii^  pUt 
liar«Aor.     It  OMlta  mt  79.'^-  C.  (174.tP  F.) 


SU&o 


T«il-1ii>(  tube.  It  !■  formed  in  Urg«  quaotitioi  m  a  bye-prodnct  in  th« 
|»rt«|ukrmlion  of  ooAl-gu,  its  prmiuction  doabtle«8  axisixig  Cram  rrALlit 
viiutUr  to  thonH  Just  ro*'uLiuui'd.  When  the  lut  portion  of  the  to) 
oltjr  prtNtiiri  which  poAftc*  ort*r  in  the  distiU&Uon  of  ooal-tiir  Is  colli 
ftp&rt  uid  l«ft  to  tland,  a  qiianlily  of  solid  crTst&lline  maltor  sepvi 
whi«<h  Im  |>rinr<ipii1)y  nnphthaletie.  An  uiditloual  quantitj  maj  be 
I«in4>d  I  <  Kition  antil  the  contenU  of  tfa«  Teasel 

phar  :  t  onili'ns><>s  in  thi'  »oUd  state,  bat  dar] 

and  \'tT<.    iiit,>iii>-.     <]>   9(ui|flt»  •uUiuiation,  once  or  twice  repeat 
obtained  p^-rrocilr  whIleL. 

NnplttliAl<'iie  IS  forniod  svniliatically  firom  phenyl-butyleiie,  C^Hyi 
CH,A'I1  — Cll,,  wti  :iM  hr  the  action  of  aixlinm  on  a  loixtnrei 

beimyl  cblorUie,  <^^.  and  ailjl  iodido,  CHyl.Cfi=CH,.     This 

driM^arbon  or  it»  far«^a4lr  fifiaFJ  Uuoogh  a  red-hot  tube  filled  with  lii 
Is  resolvod  int^  naphtkalna*  wad  kydrofren,  C,,nj, »  C,^|  4-  211,.    Nai 
thalone   fumui    tarpii 
exhaling  a  faitti  aa4  MCttl 

olrar,  oolortera  Is*^  vIMi  cryvlalUacv  on  coolinjcr ;    boils  at 
(4)A.-i^  F.)-     H'hett  stnittfhr  Iwatcd  in  the  air,  it  takea  fir«,  and 
with  a  red  and  vtrj  laMyky  dame.     It  ia  insoluble  in  c«ld  water,  bni 
Me  to  a  sliKbt  degree  at  the  boiling  heat ;   alcohol  and  ether  diasol^ 
eaally  ;  a  hot  aatnrated  alooholio  »»duiion  depoeits  fine  iridt^cent  rryst 
ou  eooUa^.     It   unites  vUk  ficric  acirf,   fcrmiug   the   oompound   C, 
C;U,(NOlLo.  wkioh  flVjrstalUsca  ia  stelUto  gronpa  of  needles. 

XuvhtliMMM^  Uk»  banjs««  and  Its  hosDo3opti««,  forms  odditfon-prodi 
«iUllgrlfMMMdtiU«riB«w     Hrat*^!  with  PH,[  to  190O  C.  (374^  p.] 
with  HI  uiid  amorfik(m»  pboapliorus  to  SeO^CitOO  C.  (428iQ-48l>o  p.), 
ftNTow  the  tetrahjdride,  C^H,.M4.  a  pangent  liquid  boiling  at  205C>' 
(401Q  F.).     With  chlorine,  it  (orma  the  compound,  C,oH,.Cl„  which 
p«l«  ;rellow  oil.  and  C^H,.n,»  C^H.Cl.nj.  and  CijH,CI-.CL.  whith 
talltsea  in  monorliinc  pnsmA.  m^ltniK  rpspectivelv  at  Ih'JP  d.  (359. t? 
r2**0,i:i<o  i\  (2^i.4a-2*i*)0  K.).  and  1720  i\  (.^'l.fiO  F.)- 

The   structure  of   the  naphthalene   moUn^ule   is   defaced   hjr  Oraebt 
(Lit'big's  Amnalfm,  exMx.  'Iti)  from   the  following  considerationa.     Nai 
thalono  laconrorted  byozidati<m  into  phthalicor  beuaene-4licArlv>nio 
r4H,(t'<),H),,  two  of  it»  carUm-atoms  being  removod  aa  oarbon  diuxi^ 
waliv  twu  others  remain  in  ttie  form  of  carboxyl : 


(359.tfO  K. 


CK,n,    +     0,    =    C,H,CCO,H),    +     2C0,    +     H,0 


ixii^l 


H«nco  naphthalene  contains  a  benxene-residne,  C^H^,  and  may  he  repre> 
aeuttnl  by  the  formula  C^II^.C^H^.     The  same  conclusion  follow?  from 
a^ulhodia  of  naphthalene    from   phonyl-butylene.     But   phthalic   acid 
liXtfwU*  produ(M?d  by  oxidation  of  dichloronnphthoquinono,  C,jU^Cl,(>, . 
wsMitfiiueutly,  this  compound  has  ita  two  cMorine-ntonis  and  twu  nxygfo- 
atuma   anHoctAtiHl  with    the   four  o&rbon-atoma  which  undergo  oxidation^ 
and  uuky  be  reprtfit'ntt.Ml  by  the  formula  C^H^.C^CtiOi,     By  the  aotioo' 
yhMSphorua   |u*ntA()hlorido,  the   two  oxygm-atoms   are  replaced    by  tl 
QKluriu*#-aiom«,  and  at  the  same  time  one  of  the  four  hydrogen-atoms 
TvpUi.Nul    by   cltbirine,  the    resiill    being    penlarhlnronnphthalene,  C^H* 
^(  •  •]i  \tt  r-onvertod    by  oxidation   Into   t'etraehlorophthalic  aci 

i'^  In  this  reaction,  therefore,  two  of  the  carboij-atoms  belou| 

111  it  hand   group  in  the   molecule  C,Hit'l(t'/'lj)  are  rf'moved 

t«.  U»,  whil"  two  othiiTS   yield    the   two  groups  C<»,H,  and  tl 

r,  A ...  Uv'''*'"''"  *•'!'   the  four  Rtanding  on  the  right,  form  tl 

I,.  ,     V  ^n,,  of  titroohlorophtbalic  acid. 

...k  lui^tKiua  show  that  the  molecule  of  naphthalene  is  sj 
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m«4ricAl,  and  compoted  of  two  bcnz«afr-iiuolei  united  In  the  muiner  repre- 
•eotttl  by  the  following  figure  :— 


"CD 


HCD 


froi 

K 

But 

1  : 

riu, 
mi>i 

|Kuii 

P 


The  replac<mient  of  the  hyi^rogMn-alrims  in  OAphthalene  by  other  ftl©- 
m<.*nti  auii  hy  coiupoand  ra'lHTtfs  given  riHe  t^t  nuuieroUA  aubalitution- 
dvrivativitH,  which  are  obtained  hy  lOftliotU  Himilar  to  thoKv  by  which  the 
bt'iizuno-diTtvativefl  ar«  produced.  The  number  of  podsibh*  isniurridm 
among  the  naphih&IenedHrivatives  ia,  however,  much  gruAter  than  thoie 
of  the  Iwiiiene-dL-rivatives.  Thus,  th«  inoiuwlHrivativeii  of  bonictie  do 
not  ftilmit  of  isomeric  uodifieatious,  but  in  naphthalene  the  places  I,  4,  5, 
8  (see  the  preceding  O^^ure),  Uiough  similar  to  each  other,  are  difTereut 
from  the  places  2,  3,  S,  7,  which  are  lilcewiau  similar  amongst  themaolvefl. 
enc«,\  theru  will  be  two  mrKlifieatiuns  of  each  inunu-derivative  (if  naphtha- 
no  (chloro-,  nilro-,  etc.).  Those  modiHratinnH  in  which  the  8ob«titut*'d 
iele  occupi<»  the  place  1  (=b  4,  5,  or  B),  are  called  a-derivatives  :  thofie 

which  it  in  placed  at  ii,  3,  5,  or  7,  are  called  £-derivativeB.  The  di- 
derivftliveA,  C,eI]aX,,  exhibit  tun  iaotuerio  mulifleatioiiH,  at^cording  as  the 
Bubfltitute<l  radlcU38  are  Hituated  ;  (I)  in  the  sauie  bensene-ring  (1  :  2, 
1  :  3,  1  :  4,  or  &  :  ti,  5  :  7,  5  :  8,  and  2  :  3,  or  G  :  7),  aectmdly,  in  difTvrent 
riugH  (I  :  f),  I  :  (),  1  :  7,  1  :  8,  2  :  6,  and  2  :  7).  The  liat  of  actually  known 
miKlilicalions  is,  however,  very  inoomplf>te.* 

Cbloro naphthalenes    are  obtained   by   boiling  the   chlorides  of 

phihalene  with  alcoholic  potash,  which  remove^)  HCli ;  these,  wh«u  sull- 
ied   to   the    actiun  uf  chlorine,  also   form    addition-products    such    as 

Ht<'1.C'1,  ;  and  from  those,  by  thu  a<;ti<in  of  alcoholic  potaiih,  more  highly 
ehlorinatiMl  Huljstitutton-derivatires  may  be  ublained. 

AfonorhlfnmaftHtbalpn€M,  C,ytl^r|. — a,  from  naphthalene  diohloride.  Is  a 
liquid  U.iling  at  260O  C.  (4&.30  K.).— ^-  B>  the  action  of  PClg  on  «-nAph- 
thol.  Colorless  orysUlIine  mass,  m.  p.  60^  C,  (140O  F.);  b-  p.  250O-2fitiO 
<:.  (492.K^9ti.4^  F.). 

C,„H,<'1,  i8  known  in  seven,  and  C^Jl^Cl^,  in  four  modifications.  C,pCl„ 
the  fliml  product  of  the  action  of  chlorine  on  naphthalene,  foruut  prisms 
melting  at  1350  c.  (275^  F.). 

Of  muuobrnmoDaphthalcne,  two  modifioationa  are  known,  one 
.formed  by  dirwt  bmniinalion,  beioR  a  liquid  boiling  at  277^0.  (530. (P  F.); 

e  other  from  tf-naphthrlamino  by  the  diaio-relkCtion  with  alcohol,  form- 

R  white  shining  huiiins*  mvlting  at  680  c.  (1&4.40  F.)- 

lodonaph  thalene,  C',aM.[.  produced  ^  the  action  of  iodine  on 
mvrcaric  naphthide,  is  an  oil  boiling  at  300°  C.  (672^  F.). 

Cyanonaphthaluues,  or  Napthyl  Cyanides,  C,oH,.CX  (« 
and  0)t  are  formed  by  distilling  the  potassium  salts  of  the  correspoudiug 

*    For  the    latest    rf«r«rrhri    on    tiKphthaleae   derlritlves,    see    LlcberniMun 
.IrhlK'KjIiiiia/m,  cUxxUl    236 )«  and  Alterbcrg  (Dtu/Mch.  Chem.  Gn.  0«r^  1ST6,  pp. 
r«>,  17M). 
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(Stl  63^14.43  F.) 

aUroaoBftphlhAUa*,  Cja,.:?0.  b  fonwd  by  tk«  aotion  of 
MjbiwMa,  50Br  (Aotalian  of  2«0  and  Br  in  CS|  at  — 3uO  C, 
L),  as  ■■riraric  Ba|ihtUd« : 

SOBr    =.    C«^NO    + 


<c»H,),n«  4- 


1l  atparatea   thm  lotaticB  In   b«B>f4w>  or  Ugbi  petrolrtna  in 
Modals.  tiLraiag  r«d  is  eonUd  with  Uie  air  ;  mrlu  at  H50  c.  (1850  P^ 
and  <Uooap<M«s  at  IM=>  C.  (ST^S^*  P.)-     ^^  solution  in  phenci 
bla«  b/  •alphiuio  a^d. 

Nitronap^thalvne.  C,«H7.N(V  obtained  bj  bluing  a  solittioa 
Baphtbalffn«  in  glacial  ar«tio  kcid  with  ordinsrx  nitric  acid  tor  half 
boor,  cr/stalliMa  &om  alcikUol  in  •alpUur-jeltuw  prisms,  melts  at  tfl'^ 
(141.9^  P.).  boils  at  3(MO  C.  (579J2P  P.);  inaolable  in  alcobol,  etlL«r, 
carbon  aalpbide. 

Two  di  nitronapbtbaI«nes    &r«  obtvnfd  by  boiling  napbtba]< 
or  OMMioniLronaphlhalent*  with  nitric  acid  till  the  oiljr  liquid  wlticli  flc 
on  ibe  surface  ha»  diiiap{>«art!>d. — *.  Colorless  pri*n"-   "..iiiM,-  jit2130( 
(415.4°  P.)-—'-  Hhombic  plated  Uidting  at  IH^  < 

Th«sv  oompoands,  boiled  with  fuming  nitric  acid.  ;  trlnttri 

napbthaUnea,  boiling  resp«ctiT«l.T  at  1220,  147^,  auil  21^C.(2S1. 
29S.CO,  424.40  p.)  ;  and  on  furthfr  txuling.  two  tctranitronaphtbi 
Un«d  .  melting  at  20(P  and  2590  c.  iZ$2P,  408.20  p.). 

Amldonapbthalenaa  nr  Kaplitiijlaminea,  r,^H..NHj. — The  a-mc 
flcaliou  obtained  by  rrJaction  of  nitronaphihalt-no.  erj&t&Uizofl  in  needl 
or  prisnu,  easily  soluble  in  aloohul  ;  has  a  pungent  odor  ;  nipttsi  st  &C^ 
(1230  P.),  and  boils  at  3iKK>  C.  (572°  P.).  Il  forms  easUysolnble  rrjsl 
line  talti,  the  solations  of  which  giro  with  chromic  acid  or  ferric  chloric 
a  bln«  pr«cipitat«,  quickly  changing  to  a  pDrple-nwl  powder  of  orj 
amitt*,  CjfH^O.  a-Naphtbylamine,  heated  with  glai*ial  acetic  a<Ad,  yi< 
»-Ac«toHapkthalid^,  C|-H,.NH(C,H,0),  which  crrBtalliies  in  fine  silky  fl 
malting  at  1590  C.  (!ils.20  p.)- 

S- Xafihthjfiamine   La   obtained  from  bromonitronaphthTlaminp,  wlUoh 
formtxl  hy  nitration  of   bromaoetonaphtbalide,  Ci^H^Br.NH.CjUiO 
amido-gmup  is   elimin&tod    by    the    actioti  of  nitrous  acid  and  alooh 
and  tbo  rt-Sutting  broniouitronaphthalene  is  reduced  by  tin  and  by 
chlorie  aoid.     j^Naphthyl&mine  forma  nacrtjons  laminv  melting  at  11 
C.  (2.33.tJO  p.). 

Sitronaphihifiaminf^  CiflH^NOj.TfHj,  obtained  by  reduction  of  «-dinit 
napblhalcno,  forma  small  red  crystals  molting  At  11^^^1190  c.  (244. 
346.20  P.).     Two  Uoroerio  nitronaphthTlaniine«  melting  at  IIHO  and  15JD- 
1590  C,  (375. 90,  316.40-318.20  p.)  are  formed  by  the  nitration  of  tb« 
acetyl-compound,  which  melts  at  159°  C.  (318.2P  P.). 

Diamidonaphthalene  or  Napbthylenediamina,  from  nl 
naphthylamino  (m.  p.  1910  C,   375.^  P.),  is  oonrortcd  by  oxidation  wi 
dilute  chromic  acid  intonaphthoquinnae.   Twoother  napbthylonedlimintf 
are  obtaine<l  by  redutHion  of  dinitrouAphthalt'iii'A. 

The  naphthylamin'^s  treated  with  nitrous  acid  yield  diaio-oompaunds, 
analogous  to  ihoeu  obtained  from  aniline. 
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Diftio-amidouaphthalenw.  C„H„N,=t  C,oH,.N,.NH(C,oH,).  ob- 
tained liy  lh«  action  of  nilroun  acid  on  a  cold  alcoholic  Bolation  of  nftph- 
tliylaiiiiiie,  fnriuB  brown  UminiB,  aud  ifi  resolvtid  by  heating  with  auida  into 
uapbihylaiuiuti  and  uaphlhul : 


C|,H,.N,.Nn.C„,H,     -h 


=-     C„H,.OH     + 


-f     N, 


The  action  of  nitrous  avid  on  a  warm  alcohoHo  eolation  of  naphtbylaminn, 
or  r>r  potaMsiiim  nitritfl  on  its  solution  in  hydruchloric  add,  prixluotm 
amidazon  aphthalen  u,  C,QH,.N,.C,gHs.NH2,  nietaineric  with  diaxo- 
amidonaphtlmli>ui>,  and  analn^uu*}  tu  amidaiobentiaD*  (p.  862).  It  dia- 
BolviM  ooiiily  in  aluohol,  and  cryHtatlizoa  in  orange-red  needles  having  a 
gro«*n  nietaltiu  Instre.  Ita  salU  are  riulet-oolored.  Heited  with  naphtbyl- 
amine  it  forms  a  base,  CjofI],Nj,  an&lognna  to  roaanilino  : 


C^H^N,    -f     C.,H^ 


NH,     +     C, 


H»YH 


The  hydrochloride  of  this  baae,  Cj-HflNj.Hn  4"  H^O,  forms  the  fine  red 
dy*'-fllufr  called  iS'apht/talene-reii  or  A/afjtlala-reti,  It  irryatalliiee  in  grc«n 
metallically  luvtrouti  iieedl<«,  and  lUsitolv-cs  in  alcohol^  forming  a  red  ik»1u- 
tinn,  wbioh  whtm  diluit*  oxhibitA  a  bt^nntlfiil  AnoreHcence. 
Mercuric  Naphthidti,  (CipHj),!!^,  prndnc«l  by  tbt*  action  of  Borlinm- 
Igam  on  a  Holntion  nt  bnMiionnphtbali'nft  in  boiizene,  formt  f>liiniDg 
CryHtala.  onsily  soluble  in  hot  benzene,  tiparingly  in  oloohol  and  ether.  It 
melta  at  2430  C.  (409.40  p.)^  jmd  dtH<oNi{K»i('*i  partially  wbun  sublimed. 
Haloid  acida  docomjioae  it  into  naphthali'im  and  mercary-salts.  It  unltffa 
with  iodine,  forming  the  compound  (CjoH.,)jUglj^  which  is  ducompoeod  by 
a  larger  quantity  of  iodine,  tUos  : 

<C„H,),HgI,    +     I,    =*     Hgl,    4-    2C„H,I. 
Heated  with  noda-lirae  it  yields  dinaphthyl  and  naphthalene. 

Naphthalene-BOlphonlo  Adds,  C,«nT.SOuH,  •  And  8,  are  formed  by 
gradually  heating  nnphthaleno  with  sulphuric  iwid,  and  may  be  fftrparated 
by  frartional  cry.^tallisatiou  of  their  barium  or  Itad-naltH,  those  of  the  *- 
acid  Iwiiig  much  more  soluble  in  water  and  alcohol  than  the  d-dnlla.  The 
fref  aoidn  nn*  rryHtaltine  and  deliquescent.  Tin*  «-ncid  is  converted  by 
hrat  Into  tin?  #-a<;id  ;  the  latter  is  therefore  almrvft  llie  solo  product  oblaiut'U 
at  a  high  tempf-nitur^?  (UtOO  c.,  320O  R).  Thy  .-acid,  heat^-d  with  dilute 
hydrochloric  arid  to  2iXP,  is  resolved  intonftphtbalene  and  aulphnrlc  acid. 
The  chloriden,  C^tJl^.SO^Cl,  are  obtained  by  hnating  the  potimflinm  aaltd 
with  rClj.  Tlicy  crystallize  in  shining  larainip,  m  more  soluble  In  ether 
than  a.  The  A-rhloride  m.'IU  at  tifO  C.  (150.80  p.)  ;  fl  at  7«0  C.  (168.g»0 
F.).  By  lino  and  sulphurio  acid  they  are  ounverted  into  mereuntoM. 
CVI,.SH. 

By  prolonged  heating  of  naphthalene  with  sulpfaario  acid,  two  nnpkthn- 
lenedUuiphome  acuiny  C,flH,(SO,H)„  are  formed,  which  when  disiiUed  with 
KCy  yield  th«  corresponding  dicyanitie*,  CioIIj(CN),. 

NapthoU,  C,pH,.OH,  are  formed  by  fnsing  the  two  monoflulphonie  acidi 

with  jH.tash. 

a-NaphthoI  Is  also  prodaced  by  boiling  the  aqneons  solution  of  diaxo- 
naphthalene  nitrate  (from  «-naphthylamine)  with  nitrous  acid.  It  crya- 
tallixes  in  oolorlens  nionocllnic  prisms,  melts  at  04'^  C.  (201.20  p.),  boils  at 
278*^2800  C.  (532.40-f>3eo  F.) ;  is  nearly  Insoluble  in  cold  water,  some- 
what more  soluble  in  hot  water,  easily  In  sleoliol  and  ether.  Kcrrlo  chlo- 
ride and  bleaching  iw>wder  give  to  llie  flfiui.K>us  snlutlon  a  transient  violet 
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With  alk&UM.  eto..  •-uKphtltol  forma  d?rirfttlT<«  mxaeWj  lik«  tbcve 
ph«nol.      Th*»  rtk^tic  0*hfr,  »',jH,.f>.C,H4,  i»  a  i«!orI*.»R  liquid,  boiling 
27*^C.  (r>21.b^^F.*).nolaQliail7^UJ^  il  — 50  C.  (230  K.)-     ^-Acttyl nnpHit 
C|,Hf.O,C}lljC>.  funned    by  Itm   iu:tiun   uf  *<»trl   chloridci,  ia  «  vellowji 
U(|uid,  uuolable  in  WAl«r.    The  Acmm^  deriVAtire  mtilta  at  fiti^  C.  (K 

A'ibv-.-MjJblAof,   C,oH«  ^  '^.|^  (1  :  4)  obUiced  by  boUing  nitronaphthj 

amiM  (m.  p.  l!)lo  c.  373. 80  F.)with  poUsb,  ory»t&lUxea  Iram  aloohol 
Wakon-jrcllow  cApiLUry  ueedted  ;  from  ftoutic  Ac<id  oractftonftin  gttldpu-vi^lh 
prUau ;  m»lu  At  IK4^  C.  (3*J7.20  P.).  lu  loiUaiii  salt  is  a  yellow  dre-fti 
oaUv<d  iumffiiMio  mUmc,  By  rMuclioD  with  tin  and  IICI,  it  yields  ami< 
a-uaphthot.  whicn.  bjr  boiling  with  brominiu water  or  by  the  action 
nitmus  acid,  is  coDTert**d  iuto  naphtluMjtiiuuue. 

An  isoiuttrii:  nitnva-uaphtliol,  rornu>d  from  the  nitronaphthylatni 
melting  at  l5SO-i:.iKi  c.  (1*1(3.4^^-31 8.20  F.),  crystallixw  in  f^reenish- 
low  Umu)»,  mrlting  at  12i:P  0.  (2li2.40  F,),  much  leas  aoluble  in  alcol 
than  tho  preceding. 

iJimilrO'm'impAtkot,  C„^^(N0,),01I,  is  furmtii  by  mixing  «-iiaphthylai 
with  4-6  parU  of  slmng  nitrir  ticid  ;  hy  boiling  diasnnapbtbalene  hyrii 
ehlorfd<<  with  nitrio  acid  ;  or  by  gently^  heating  a  solution  of  «-nuphll 
|t<n«»-«ulphonic  acid  with  nitric  acid.  Shining  sulpfaur-yfUow  cryt>l 
melting  at  Ui^  C.  (2^0.20  F.).  sparingly  soluble  in  alcohol  and  elbi 
Vkatv  friH^ly  tn  rhhviiforiu.  It  forms  salts  with  bas*>s,  and  der(>m]>oBr(*  n 
bnnatosi.  Its  oAlcium  an<l  sodium  salts  form  splendid  yellow  dy«t,  knoi 
aa  nAphthalt'Df-vi^ltows. 

Oinitronaphthol    tri<st<.Hl  with    sine  and  hydrochloric  acid   yields 
hydroobtoride  of  tiiamid^mtiphtM^  C,gHj(Nll,),.01],  the  aqueous  solution 
wbioh  is  oonverted  by  exposore  to  the  air,  or  by  the  action  L>f  ferric 

ride,  into  the  hydrwihloride  of  di^imUhmaplUhot,  C„H^(OH^<^^'||^  . 

4-Naphthol  or  Isonaph  thol,  C,gH,.OH,  fnmi  ^-naphthalene 
phonic  acid,  crystalUies  in  small  rhombic  tables,  nii-lts  at  122^-  C.  (251.^ 
F.),  bofls  at  2d50-29iPC.  (5450^55-^  F.).  and  sublimes  with  great  facilij 
diasolrvs  sparingly  in   boiling  water,  easily  in  ah-ohol  and  ether. 
slAWirsfW,  C,.H,.O.r,H5,  melts  at  33©  C.  (i»1.40  F.).  the  aoetvUximpoi 
ftt  60O  C.  f  14(w  F.).  iht<  bfniyl-pompoand  at  107O  C.  (224.tiO  F.). 

lHmtro-6^/>hthol,  obtained  by  heating  the  alu:iholJc  solution  of  ^^-napl 
thnl  with  dilute  nitrio  aeid,  fonua  yellow  needlea  melting  At  19&0  C. 
(3830  F.). 

Di<*r^nophthaUn0  or  .Vo;»AiAoAyrfro9uiso»f ,  C,gH,(OH)j  (1  :4), 


Is  fomKsl  frxim  ni\phthoquinone  by  heating  with  hydriodic  acid  and  saio^_ 
phou«  pluwiihnrus.     It  irystallisw  from  bnt  water  in  long  colorless  n^Mlc^H 
melting  at  17iP  C.  (348.80  F.),  eonrt-rted  by  oxidation  into  naphth<H]i^H 
none.     An   isomeric  mmponnd.   o>»tain«'d    from  naphihalene-dlsalphonic 
acid,  forms  needlus  slightly  soluble  in  water. 

Naphthoquinone,  C,|H,<^>,  is  formed  by  oxidation  of  naph- 
thalene with  chromic  anhydride  dissolved  in  glacial  awtic  acid ;  int 
readily  br  adding  a  dilute  aqueous  solution  of  chromic  aoirl  to  »  soluli 
of  diamido-nfiphtlialene  hydrochloride  (p.  947)  ;  on  distilling  tlu'  liqol 
the  naphthmiuiunne  passe|  over  with  the  Btcam.  Largo  stilphur-yvU4 
triclinic  tables,  having  a  pungt?nt  odor,  melting  at  125^  C.  (2^7^  F.).  Bl 
liming  \^\ovF  lOOO;  insoluble  in  cold  water,  flightly  wdublc  in  ct>ld 
hoi,  c*«ily  in  hot  alcohol  and  in  ether.  Converted  by  oxidation  with  ni( 
acid  into  phthalio  aoid. 


MAPnTHOlO    ACIDS. 


Dirlitorotutphihonuinfme,  C,pH^Cl,0,,  U  formed  by  heating  ■•naphthol  or 
diDitroiinphthol  (ctnniuercLal  naplilUalenu^ulluw)  with  potASAiiiiu  chluralo 
and  hydrochloric  acid  ;  alito  hy  tlieaclionaf  chromyl  obloHde,  CrO,Cl,,  on 
a  solution  of  naphlhaU-uo  lu  glacial  acetic  acid,  Cr>staUiieii  in  guld«o- 
yellow  needles  nirltJug  at  Itt^^  C.  (372.20  F.)  ;  oxidii«l  by  nitric  aoid  Ui 
phthalio  au'id  ;  oonv»rttd  by  PClj  into  C^HjClj,  which  oxidiiea  to  chloro- 
pbthalio  acid,  lioile*!  with  HPilu-lye,  it  disBolve*  with  rod  color,  forming 
thaaodlam  salt  of  chinronapluhnli.' acid,  r,,H,CUO,)OU,  which  oryBtalU«!» 
in  yellow  luwdlea,  meliiug  at  '2wO  C.  CSd'Jy  ¥.), 

Oxynaphthoquinon*  or  NaphtkaUnie  acidj  Ci^}i^(OH)<^j^;>  , 

is  formed  from  the  hrdroohlnrido  of  di-iini>lonaphth(H  (p.  U48)  by  h«aling 
with  dilute  hydrochforio  acid  to  VMjO  C.  (liibO  F.). 

C„H*(N,H,J0H    +     211,0    =    2X11,    +     C„U,(0,)OU . 

Light  yellow,  atronf^ty  electrio  powder,  or  yellow  neodUa  ;  sparingly  aolu- 
bl**  in  hot  wai'T,  vasily  in  aloohol  and  ether;  unites  with  nasceiil  hydro- 
gvn.  forming  trioxynnphthaleni!.  It  w  a  rather  strong  monobasio  acid, 
o«pabU«  of  dtsvimiNit^ing  c2U'lx>nates.  Its  alkAli-aalta  oro  blood-red,  and 
^^aaily  soluble  in  water. 

^|»  DioxfMapktkoqnimant  or  Naphtkararin^  C,oH^(0,)(OH),. — ^Thifl 
ooinpt)un<l  is  a  dyc-stutf  very  much  like  alixariu.  It  id  obtained  by  grad- 
ually adding  dinitrunaphthol  (4  i»art>>),  and  grunuUt«^d  zino  (^1  part), 
to  a  mixture  of  titrohg  sulphuric  ncid  (4<>  parts),  and  fuming  Bulphurio 
acid  (4  parU)  healwi  W  2»KP  C.  (:JI*20  F.)  (not  alwvo  206O  c.,  4t>lo  F.). 
Un  dilating  ttie  mixture  with  water,  boiling,  and  fllt<«rjng,  the  naphtha- 
zarin  separates  as  a  red  gulatinoua  maas,  which  may  bo  purified  by  subli- 
mation. Long  needles  having  a  splnndid  green  mutAlliv  lustre,  dmtiulving 
in  aloohol  with  re<l.  in  ammonia  with  Bky-bluo  color.  The  solutions  give 
violet-blue  precipitates  with  baryta-  and  lime-wator,  crimson  with  alum. 

Naphthoic  Aolds,  ('j^Ht.COjH.— ^-Naphthoic  acid  is  obtained  from  «- 
cyanonuplitlial*-iiH  (p.  945)  ;  alt«o  by  fusing  potassium  «-naphthab*U(%ul- 
phonftt«  with  Hoiliuui  funuate,  and  hy  tiK*  action  of  sodium-amalgam  on  a 
mixture  of  liromoitaphthalcnc  and  ethyl  r-hlorocarUmate,  Sk-ndir  needles 
mL'lting  at  ItiOO  C.  (:j2(io  F.),  slightly  solublw  in  hot  watf^r,  easily  in  hot 
alcohol.  By  distillation  witb  baryta  it  ik  resolved  into  naplithalene  and 
rnrlxm  dioxide.  Its  rtAy/iV  rthrr  bolls  at  309O  C.  (588.20  p.);  the  chloridf., 
f,o»,COCI,  at  2970  C.  (5li6.«o  p.). 

A-NaphJuHC  or  lionaphthtnc  aeid,  from  d-eyanonaphtha1en»,  erystallixes 
from  hot  water  in  long  silky  notvlles  molting  at  1820  C.  (369.ii'0  F.). 

Oxynaphlhoic  acids,  ^\»^*'<CcO\{  '  ""*  formed  from  the  two 
naphthols  by  the  action  of  sodium  and  carbon  dioxide.  The  a-acld  meltfl 
at  1H50  c.  (3(ir>0  F.),  and  forms  solutions  which  are  colored  blue  by  ferric 
chloride.     The  d-acid  is  difficult  to  prepare. 

Xapftthalene-tiirarhonic  acidg,  C„H,CCO,H),. — Of  the«e  aoidfl 
there  are  three  known  m<xlifications.  Two  nf  thrm,  ■  and  8,  arv  oMaine<l 
by  heating  the  corrf«ponding  dlcyanonaphthalenes  with  strong  hydro- 
chloric aold   to  200CX-U10O  C.  (392O-410O   F.) •.  Fi-rms   long   jK.inted 

netnilps,  meltinff  with  deeomiKisition.  above  3WO  C.  (r.720  F.)  ;  its  salt*, 
except  IhoMP  of  the  alkali.*ji,  are  but  slightly  soluble  in  water.  The  ^  acid 
is  very  much  like  the  ii-aoid,  except  that  it  orysUlHzcs  in  short  aluuder 
needles. 


I 


i 


SO 


I 
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^ 
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Tbo  third  modification,  aaptuhalif  Acidt, obuined  bv 
thpttfi   and    Bc^^nii  hrbvlrnc  with    ehroml«  a«i4  ii'  t 

Ii«M!"llfw.  anH    "  -  at  I*IC»-1M>^C.  (aMO-SCiO  K.>.  withoal  lo.'Uii 

lnU»  wai«<r  at.  irWU,  r,,)l«4),.  wbicti  tuflu  at  SiitiOC.  (510.^ 

Th.  '  -»Jl  br»UJ  wiUi  li 

y'u  '  i'lls>p  cryst  ail  ilea 


DlnapbtbyL  C«n„3C,«H,.CMH,.  ts  formed  by  ilio  action  ofaodiam 
moiH^broinoDAphtbalene ;  b/  oxidJLUnn  of  naphtUalctie  irith  MuO, 
aulpliuric  a<-id  ;  aud  hf  beating  awfrvuric  oapbtbide  with  wjda-lioie 
947)*  O^lorleu  lamin«,  witb  a  inuttier-of-iwarl  laAlrr  ;  aligblly  milu 
&  cold  aloDhol.  pasil.r  in  ether :  mt.*ltd  at  IS-J^  C.  (309.tP  K.)*  "xl  'iil'^i' 
wIlhoQt  deotMBpoaition.  B.v  furtluT  oxidalkm  with  MnO,  and  aulpbt 
•ofd  II  ta  onnrtfrted,  likf  naphthalfiiK,  into  phthalio  acid. 

Thnw  imiimttpluAfiw  art*  t>l>taiue<t  bv  pas&iug  naplilbatfue-Tipor  alonr, 
mixfd  with  antlruuny  triirUluridf,  tbmugh  a  r«d-bot  tuU%  aud  may  bc#<r| 
rat4*d  br  r(.>p«*ai(*<l  crvHtallization  from   petroloum ;  nwlLiag  poiatSf  Ih^ 

147^,  an<j  i:r^  V.  (aes.tio,  itt;.t>o,  i*i7o  k.). 

OiiutfifttkyiMrtkoMf,   CjiH,,  ^  C,aH,.CH,.C,,H.,  obtain**!   (like  dipbvnj 
mcthaDf,  p.  935)  by  tbr  action  of  sulphnriu  acid  on  a  mixlun^  of 
titaleiu'  and  mMbrlal  dilutvd  with  oblontform,  cryMalliz*.**  id  abort  prtai 
melt*  At  l0i*O  c.  (■2,'1>*.2^  v.).  boils  at  a  t^Mopersture  abovf  3ik»^  C.  (6( 
F.),  ftnd  may  bp  distiiird  without  deof>mp»»silion.    With  picric  acid  it  forme 
tlie  ifimpoaud  C,9U,4.'JC«H,(NOf),U,  which  crystallites  in  rvddiiih>y«l 
priams. 

Horaologoeaof  Naphthalene  are  olrtained  by  the  action  of  sodit 
nnatnixtaro  of  bromonapbthale&«  and  alcoholic  bromiclfciA  dissolved 
**lhvT  :  and  thrs*),  when  paasMi  tbrongh  rv^-hot  tabM,  split  up  into  hrdi 
^rn  and  unsaturat«<il  bydroearlwtns.  Mr  ih  if  I -nnph/hf  lUne,  C,bHt.CHj,  ia 
thick  liquid,  hniltng  at'^-'V^C  (44it.f:0  K.>.  not  solidifrinj;  at  — l&O 
(_4t.4Q  K.)  ;  etAyi-mapkUtnUne,  {\^U^XM^,  IwiU  al  231^:i5*>0  C.  (483.1 
485.ti<^  P.),  and  doca  not  aoUdify  at  — l-io  C.  (6.60  p.)- 

.  U  formed  by  paaeing  eih^ 

naphthftlonn  thmu;;h  a  rnd-hot  Inbe,  and  ocrars  in  the  portion  of  coal* 
oil  boiliuR  at  2.%oa-2tRC  i\  (48201-5000  F.),  from  which  it  may  be  scparai 
by  cooling.  U  crvfiAllia«ft  from  fusion  in  flat  prismf,  from  alobul  in  1 
needles  ;  melts  at"95-  C.  (203O  p.)  ;  boils  at  277.50  C.  (531. 50  p.)  ;  fo 
with  pirrtc  acid  the  cmnpnand  C|,H,,.rjFI,fNO,)jOH,  wbith  crvBtalli 
from  alcohol  in  long  ne«dle*  meltinjr  at  16r"-Hi20  C.  (321.t<JL^Hi3.fr-'  F. 
By  oxidation  with  chromio  acid  misturr^  aceoaphthcan  ta  ounrcrled  tnt 
I  naphthalic  acid  (p.  949). 

1^  ^" 

^B  Acenaphthyleoa,  C„n,  =  C,on«<^  \    M  formed  by  paaaing  the  rapor 


^    at  ii: 


of  acx'naphthene  orer  gently  heated  lead-oxide.  It  diasolves  easily  in  i^^| 
oohol,  crvptallixes  in  yuUow  tables,  sublimes  at  ordinary  t«-jn(wratur«^^| 
melta  al  92^^30  r.  (1f)7.tp.ld9.4P  F.).  and  boils,  with  partial  deoompo- 
siilon.  at  about  26.10-2750  C.  (609Ci-5:J7O  p.).  lu  picric  acid  compound 
forms  vhUow  n^^U-m  mt>Uing  at  202°  C.  (3»5.tiO  P.);  By  ('brmnio  acid 
mixture  it  is  oxidized  to  naphtbalio  acid.  Ita  dibrumido,  C^H^Br,,  niidia 
at  11:20  c.  (2J1.60  p.). 
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FHENANTBRENE  AND  ANTHRACBNI!  OROUP. 

The  primary  oompounda  of  tluB  s"*"P  *ro  two  isomnrio  solid  hjdrocar- 
bous,  C,tH|o,  ocvurring  in  the  portion  of  oiol-tar  which  boihi  bulweeu  3'M)0 
aiid  'SGO^  C.  ((iOtJO-CaUO  K.).  They  are  nearly  related  to  beniene,  and 
th«ir  lUtxleH  of  forinatioii  and  decomposition  ithow  that  their  utruoture  may 
be  very  probabJy  represeiiled  by  the  foUuwing  formala : 


W 


C4H4— CH 

I  II 

PheDaathrrae. 


CH. 


Aotbrnoeoe. 


Both  conHist  of  two  bonsniie  re»idnp»  anited  by  the  group  C^K, ;  bat  in 
phenanthrme  the  two  b«UKi<ne-group8  are  joined  directly,  in  the  same 
manner  as  in  diphunyl,  whereas  in  anthraoenti  they  are  united  only  throagh 
the  medium  uf  the  group  ^sCH— CU=:. 


—.An 


Phenanthrene.  ^,(11,9,  may  bo  formed  by  abstrartion  of  hydrogon 
ttom  dibeiiiyl,  '-iiHj,,  and  ttiilbene',  t'ull,,,  when  the  vapors  of  theatf 
bo«lied  are  pa»!fiHi  tltroiigh  n  rtsl-hot  tulx- ;  altiu,  to^ethtr  with  aiithracv'ne 
&nd  other  hydrocarbouu,  from  toluene  and  syleue,  by  similar  treatment 

.  810). 

I*benantbr«ne  ia  prepared  from  crude  antbraoeno^tbe  high-boiling  por- 
tion of  coal-tar — by  eoUeeting  apart  the  portion  which  ImiiIs  InHwt^n  32(iO 
and  350'^  C.  (tfOBCUi(*2^  F.).  And  IwiUng  the  mass  with  nlcohnt.  'Die  solu- 
tion on  cooling  depintil:*,  6r>tl  anthracene,  and  then  pheuanthrune,  which 
may  be  obtained  quite  dear  by  two  re^^rystallizatiouM. 

i'henanthreuu  cryslaUizes  in  colorlesfl  shining  laminm,  and  exhibits  a 

ni-ih  Iluiinnoeuef,  uS|>eoially  in  solution  ;  meltB  at  ICHiO  ;  bt>UB  at  340O  C. 
(t>440  K.)  ;  dittsolvra  in  fiO  parts  of  alcohol  at  13'=^  C.  {bU,4P  K.)t  easily  in 
boiling  alo>^hnl,  ether,  ami  henxene.  Il  nnitcs  with  picric  aoid>  a  mix- 
ture of  the  salurattnl  alcoholic  solutionH  of  the  two  bodies,  depositing  thn 
compound  ^\4n,-.C,H,(N0,),O,  in  reddish-yellow  needles  melting  at  14:io 
C.  (:W!).40  F.).  By  boiling  with  chromic  aoid  mixture  phenanthrene  is  con- 
verted, ilrst  into  pheua  u  t  hru  nu-quinone,  and  ultimately  into  di- 
phenic   acid    (p.  !)4:w). 

Phtmtnthrfne   Mrnhtt<huU.  0,^11, j,    formed    by  healing   phenaTitlirene    bi 
210Q-240O  C.  (4100_4)U0  p.)  with  hvdrirMlic  acid  and  amorphous  phoa- 
lorua,  is  a  liquid  Ujiling  at  StKto-aKP  C.  <A72a-5lHP  F.)- 

Fhntnnthmt  dihrnmide,  C^ni^Br,.  obtain^  hydireel  combination  in  ethe- 

(Veal  solution,  forms   prismatic  erystnls,  and    in  reBolviHl,  by  heating  with 

rater  to  UHP,  into  HBr  and  brifmopheHanthrene,  C^HjUr,  which  melts  at 

630C.  (US.-PK.)- 

C,H.— CO 
Phenanlhreno-qnlnone,  C..tLO-  «  1  I      ,    is    formed     by 

heating  phenanllirene  with  ohromio  acid  mixture,  or  by  adding  chromic  an- 
hydride to  a  solution  of  phenanthrene  in  glacial  aoetio  acid.  It  crystalliaea 
flrom  alcohol  in  shining  orange-yellow  needlua,  melts  at  198^  C.  (388.4° 
F.).  sublimeH  without  dt-tfompitfiitlon,  dissolves  sparingly  in  hot  water 
and  cohl  alcohol,  easily  in  hot  al.xihol  ;  dissolves  in  strong  sulphuric  add 
with  dark-green  color,  and  is  precipitate<i  therefrom  by  water.      It  unites 

I        with  acid  sfulium  sulphite,  foruiing  the  (xtmpound  CnH^Oj.SOjNaH  +  2H,0. 

^^    Fheaaiithreue-tjuinouc  is  oxidiiod  by  chwauic  arid  mixture  to  diphenio 
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4 


f'.       •;. 
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•rid,  a-nd  rMuccxl  br  cioo^tut  to  phcnuitbreiie ;  when  ignltod  with 
it  jriolda  diphoD/l. 


ff  ■■■  ndkmttJkfdrxfqnimome,  or   iMmsmkatamthrrm*,   Ci«Hg(OH)^  formed 
Um  ftiitiaii  of  ftalpfaoroiu  ■dd  on  |ilk»n«iilbrcDe-quinoBfi,  errBUUUAd] 
«ftlori««  Boediiq,  which,  wImu  «xp««d  to  Uiv  air,  tarD   browD,  »ail 
fwoskUMd   to  th«  qutncne.     IH  dSAOvtrl-cumpouDti  rrrstallixvA 
melUag  U  209>C.  (3»&.^  P.)- 

▲  &tbraotta6»  CmBi,.— Thb  hviinKiirbon  mar  be  formed ftrtifinftU/T 
1.  U/  pAMiiif  faeaj^l-tolactne  through  a  red-hut  tube  or  over  L«*tcd  lobd 
uxide ; 


C^H^.CH^CA.CU,  =  C, 


•^•O 


CA4-2H, 


S.  Bjr  heating  Uqald  phenjrl-tol^rl  kctoiw  (p.  941)  with  (inc-4tut : 


1 


3.  Together  with   dibeaijU  h;  beating   beiu/l  chloride  with 
WOO  (;.  (3740  jr.;  ; 


water  la 


4<C,HvCH,a) 


+   c,.H,,  +  Ana 


I 
I 


Anthracene  ii  prepared  from  the  liigh-boUing  portions  of  ooal-tar  bj 
nipfiattKl  diatillation,  preaaure,  aud  recrvgt&llixation  from  benxene. 
obtain  it  quite  pure  and  oolorleas,  it  muat  be  anblim*^!  at  ad  loir  a  tet 
raturo  as  puaaEble — U^t  bjr  heating  it  till  it  begioa  to  boil,  and  then  bl< 
ing  a  strong  current  of  air  over  it  trom  a  pair  of  bellows.     Or  it»  solal 
in  hot  bt^aiuie  may  hn  bleached  by  exposure  to  sunshine. 

Anthraoenv  cryitaUizea  in  oolorleM  monoclinic  tables,  exhibiting  a 
blue  fluoreooenoe.     It  disaolTea  aparinglj  in  atcobnl  and  ether,  vaailyi 
hut  beuiene  ;  melts  at  213^  C.  (415.-40  P.).  and  distils  at  a  t4'ui{>eratui 
little  alwve  3t>(P  C.  (680^  F.).     it»  solution  in  beu«»m«  rields  with  p» 
acid  the  rampound  r,tH„.2C^ir,(N0}),0,  which  crystallizes  in  red  ntwdl 

A  oold  saturated  doluiion  uf  anibraoene  in  benxena  exposed  to  suasl 
depiwita  tabular  crystaU  of  an  isoinvric  modtficationf  C,cll,«,  called   p  i 
anthracene.     It   is  nearly  in:»oIiib1e   in  benzene,  is  not   attackMl 
nitric  acid  or  bromine,  melts  at  '244f^  C.  (471. ty>  P.),  uid  is  at  the 
time  oonveried  into  ordinary  anthracene. 

Anthracene  dihydrido,  Ci,H„,  formed  by  heatiuft  anthraeena  j 
anlhraquinnne  with    hydriodic  acid   and   phdsphom*.  nr  by  the  ai'tlon 
■odium -amalgam  on  its  alcoholic  solution,  cryntallizeA  in  monoeliuic  lal 
easily  soluble  in  alcohol,  malting  at  \t>6^  C.  (222,t*o  F.>,  distilling  at  3 
C  (&S10  F.).     On  paning  iU  rapor  tUroogh  a  red-hot  tube,  it  is  resoli 
into  anthracene  and  hydrogen.     The  tuLrkyilritir,  T,  H^,  ia  formed  by 
longi'fl  hunting  of  anthrarcnp  or  the  dihydride  with  HI  and  plu^iphnni^ 
80tP-i2l^3   C.  (3&2-j342>'0   k.).  cr\-8talliae«   in    laminjc,  m.^lu   at   <K>0 
(145. 40   F.),  I»"il8   at   2di>3  c.  (554-^  F.).     It  is  very  soluble  in  alool 
ether,  and  benaene,  aud  ia  rvsolTed  at  a  red  heat  into  anihraoane 
hjrdfog«n. 

Anthracene  dSohloride,  Cf^HuCn,,  fbrmed   by  pasping 
ga3  over  anthracene,  crystallizes  in  needles,  and  is  eonrrrttsl  by  alcob< 
potash    into    CiJi^O.       By    heating    anthrscnn^    in    ehlorine,  dichl 
anthracene,  C„H,C1^  is  formwl,  which  rryslallizis  in  vtllow  lamii 
meltd  at  209^  c.  (408.2P  F.),  and  yields  aolatiunti  having  a  aplendid  bll 
flnwvaoenoe. 
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I  Dlbromant  hrac«ne.  C,|H^Br„  is  Turmed  lu  llie  »oltf  product  of  the 

action  of  hromiiie  oit  a  Aoliition  of  aiithrikc-fui*  on  carlmii  «ulpliide.  It 
cr/Btallizi^  in  gulJeu-yt'llow  nctHlles,  imdtiiitc  at  'Hi'^  C.  (429. b^  F.)*  *d^ 
U  rtK«ouvi«rt«d  into  AUttiracvne  by  heating  witli  altx>lioUc  potaah.  Ifibrom- 
anthracfM  tdrahromide,  Ci^IigBrj.Br^,  is  foruiLHi  by  pftasing  bromiDe  vapor 
over  finvly  divideil  authraceiiu  or  dibromauthracviie.  Hani,  thick,  color- 
lesa  tablwt,  melting  with  dt'comijosition  at  17llO-lH0OC.(338Q-366O  f,^. 

Anuthur  modincatloii  of  dil>rf>mauthrnevnu  itt  fonniMl  by  httaling  dibrum- 
anthraquiiioni)  will*  HI  and  phusphoruB  t<»  150O  C.  (3020  K.)  for  eiffUt 
hiMtrs.  iiohlt-n-yidlow  uLl('3,  mi^lting  at  lI»t:»O-li)20  C.  (3740-377.(10  K.), 
more  soluble  in  alcohol  and  Ih;iizi*uu  tlinii  Ihu  precvdiiig  modification. 

Anlhracene-sul  phonic  acids,  mono- and  c/i*,  ar«  formed  by  heat- 
ing anthra<!L>nu  with  Btrnng;  BulpHuric  acid,  the  former  at  lOOO,  thn  latter 
at  150O  C.  (302^  F.)-  Th**  munuttutpUuDio  acid  la  proiluced  in  twu  iguiuurio 
modiSiations  («  ami  0J,  which  may  bu  separated  by  meuus  of  thfir  load- 
Halu.  That  of  the  «-acid  (the  chiL>f  product)  crytitallizcs  in  light  yellow 
lauiinie  (C\,lI,S(>J,Pb  -|-  '^^/'t  ^nd  ia  niuch  more  soluble  tban  that  of  the 
^^U-acid,  which  crystalUxca  in  prisma  containing  lHf>. 

^"    Anthraphenola.  C,tH,oO=i C,4H,(011) 
mulamtTic  miHiitiualioue,  via. : 


4 


Of  thttae  bodies  ther«  are 


k 


C.H.<^i"^C.H,.OH 


Aotbrol. 


C(OU) 
AathraDol.* 


nior«  Bolubit* 
air,  and  then  d«- 


Antbrol  is  formed  in  two  isomeric'  modiflcationn  by  fusinfr  the  alkall- 
■altri  of  the  two  isomeric  anthractiiic-mouoHulpliouic  acidu  with  polaah  or 
soda. 

■.  Light  yellow  needles  or  laminm  having  a  strong  lustre^  docomposing 
at  irjl^-  C.  (482^-  F.)  without  previous  fusing  ;  insoluble  iu  water,  easily 
soluble  in  uliohol,  ether.  lM*nz<*no,  and  alkalies.  The  alkaline  solution 
.Absorbis  oxygen  from  the  air,  and  turns  brown. 

tf.  Yellowish  prisuis,  somewhat  less  soluble  in  aloohol  and  other  than  «, 
rhicb  it  otherwise  resembles  in  every  respect. 

Antbranol  is  formed  by  heating  anthraquinone  (20  parts)  with  hy- 
driodic  acid  of  1.7  sp.  gr.  (80  parts)  and  phnspborus  (4  parts)  in  a  v«Mwel 
with  reversed  condenser.  It  crystallixt^s  in  vMlowinh  ne""dlefi»  melts  at 
lii:P-170O  C.  (32.').40-33go  f.),  is  nearly  inso'luble  in  M)ld 
ill  hot  alkalies.  The  solution  absorbs  oxygen  from  the 
poKits  authroquinone  on  boiling.  Anthranol  is  alsu  convert-ed  into  anthra- 
quinone  by  oxidation  with  nitric  or  chromic  arid,  and  into  antlirac«-*ne  by 
healing  with  linr-dust.  With  act^ic  anhydride,  it  forms  an  noetio  ether, 
C,4n,.<>.t\HsO,  which  crystallixea  in  light  yellow  needles  melting  at  126°- 
1310  C.  (258.80.207.80  F.). 

Anthraqnlnona,  Cj^HjO,  ^  ^iH4<^J^>Cgnj. — ^Thiacorapound.wUieh 

may  be  reganli-d  lui  a  donble  ketone,  and  differs  from  the  quinones  of  the 
Iwniene  stsrii'S  in  nnt  having  its  two  nxygen-atonw  directly  combined,  is 
formed  by  oxidation  of  anthracene,  anthracene-hydride,  dicblor-ordibroni- 
antbrae«<he,  with  nitric  or  ihromio  acid  ;  also  whi*n  liquid  phenyl-tolyl 
ketone  (p.  041).  rjUs.CO.r,n,.CII^  is  passed  over  healed  U'mX  oxide,  or 
heattMl  with  MnO,  nnd  snlphurie  acid,  nr  with  chromic  arid  mixture  ;  in 
Bmall  quantity  also  (together  with  bensophenone,  p.  &41)  by  distillation 

flO* 
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of  caloiam  bcnsoato ;— Hwd  hx  hefttinf  plithmJio  ebloridcMid 
slno-dtut : 

t%  to  noftl  euily  prcpand  by  adding  finely-  poundpd  poliuyiiam  di 

or  •  solotion  of  ^romio  Kcid  ia  gUoi&l  lu^tio  aoid,  to  a  hoi  solotioa 

&Mb.fme<eo«  In  gtacial  ■cn'tic  acid. 

ArnhnqoiuoDe  suhliiueti  in  sUiniDg  yellow  noMlefl,  mvlls  ftl  373°^ 
(523.'l^  K.),  diaaolTm  iu  bot  benxeiic  aad  in  nitric  acid.  It  U  a  very  fttat 
Ofitnpoutidf  not  vabiI/  alwrcd  hy  oxidiuug  ttgentx,  and  uot  r^tkucrtl  br 
phurous  ftcid,  like  tb»>  quinnntti  of  the  U-uzene  iierita.      Heated  with 
driudlfl  ±cid  to  ISA"  C  (;tO:iO  f.),  or  with  irtuvdoitl,  il  ig  couT-erVd 
antbrsot'iio.     By  fiuioo  with  potash  at  2r»iiO(.:.  (4S'2F>V.)j  it  yit-lds  2  im 
chIm  Mf  bcniuic  acid.     Heated  with  PClj  to  19O-^2<J0O  C.  (3740-3920 
U  yitfldfl  a  niixtnre  of  di*  and    trtra*«hloranthra(::«ne  ;    and  w lira   beat 
Willi  fuming  suJpUurlc  acid,  It  yields  salpho-acids,  together  with  phthj 
anliyilride. 

Dibromanthraqainonei  C.|H«Br,0^  is  formed  by  heating  anthn 
qninnnt*  with  brominr  to  lOOO,  or  by  oxidiiing  tetrabromaiiUii'ai^ud'  wii 
uitHo  a<:id  :    dlahlorauthraquiuoue  is  formed  by  a  jtimilAr  mtrttK 
Botli  sublime  in  yellow  De«<lle«,  and  are  oonrert«d  Into  alizarin  br  h< 
ing  with  potaah-Iyc  to  IWP  C,  {3(r2D  P.). 

Diuitro-anthraquinone,  C,(Hg(NO,),0.,  obtained  by  boiling  an- 
thrawne  with  dilute  nitric  aotd,  rumis  yellow  needles  melting  at  290^, 
and,  like  picric  acid,  fonxu  crystalline  oompoands  with  many  faydi 
buns.     An   ts<imeHc  compouud,  ubtaia«Hl  by  the  action  of  a  mixture 
nitric  and  sulphuric  acidii  on  antlirjiqniiione,  formft  small   liKht  yvU 
moooeUnio  prisuis,  oakea  to^eihtr  &t  2^rS'  C.  (485.tiO  p.).  and  huhlimtTS 
a  higher  temperatare  ia  small  uevdlea,  with  partial  decomposition. 

Anthraqainone-ialphonio  acid,  C,,H,0f.50,H,  and  the  disol 
phonic  acid,  C}|H,CySO,H)^  are  formed,  together  with  phthalic  anhj 
dride,  br  hi'Stiiig  anthriuininonM  with  strong  salphuric  acid  to  25(K>-2( 
C.  (4S2O-,M>0O  F.).  The  disulphonic  acid  in  formed  synthetically 
heating  orlhobenioyl-benioio  auid.  C^Uj.eo.C^H^.t'O,!!  (p.  U43),  wil 
fmning  salphario  acid.     It  £>rm8  y4;ll<iw  crrstalti  easily  siiliible  in  wat^T^ 

^C(OH)^ 
Anthrahrdroquinone,  r,.n,(On),  =  C,H4<r    |  >f'»»« 

prodaoed  by  heating  anthraqninone  with  linc-dnst  and  potash-lye,  foi 
yellow  flakes,  which.  esp<.'cially  when  moist,  are  quickly  reoonverted 
anthraquinone  by  exposure  to  the  air. 

OxyaDthraqolnone,  C^FIgO,  =  C,H,<^^^r|H,.(OH).— This   com- 
pound is  prodncrd,  todother  with  alizarin,  by  fusing  monobronianlhraqi 
none  or  anthraqiiiuone-giilphonic  acid   with  potaasiam   hydri>xidc  : 
boiling  the  pn«lucl  with   wAt**r  and  calcium  or  boriara  caHwuate, 
alizarin    is   precipitated,    and   the  oxranthraqninone  di.isolred.     Oxti 
thrnquinone  is  forme*!  fiyntheticnlly,  togelh'T  with  its  iaomeride,  #rj 
anihratfitinonr^  by  heating  phthalic  anhydride  and  phenol  with  strong 
phuric  acid  : 


<^.».<S>o  +   '^•"'*'"   =   f.n,<Jg>r.H,.OH  +  II.O 
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The  tvo  isomeiides  may  he  separated  by  ammonia  in  which  oxyantbra- 
quinono  iti  aolubl*?,  erythroxyanthraqninuno  inauluble. 

Oxyinthraquinoue  is  t'qnAlljr  nolublo  iu  hot  and  in  oold  alrnhnl,  rrratat' 
liiM  in  aulpUur-yvlluw  ueodles,  iQL'ltD  at  2<;80-*J71OC.  (514.40-519.bO  p.)^ 
and  sublimefl  with  Home  difficulty  in  lankinap.  It  diaaolvM  rea^lily  in  aiu- 
monia,  baryta-wattT,  and  limu-watur,  and  diMXtiupoaua  barium  carbonate 
when  bnilud  with  it  in  water. 

ErgthroxyanthraquiHont  is  mure  soluble  in  hot  than  in  cold  alflohol,  orys- 
talliitw  in  oraago-y«llow  nc^llos,  melts  at  173CU18(»0  C.  (343.40-3500  p.), 
and  Hubliinittt  at  150-^  U.  (JOlP  F.).  It  is  nearly  in!!u>lnlile  in  dilute;  nm- 
moaia,  forma  dark-red  lakftd  with  baryta-  and  limo-wattfr,  and  (likt*  aliza- 
rin) do«99  not  decoiupoHe  oarbonat«  of  barium.  Both  oxyautiiraquiuuuui 
are  convort«d  by  fusion  with  polaah  into  alizarin. 

Dloxyanthraqainones.  r,«H,0,  =>  C,4H,(0H),0,. — This  formula  in- 
cludL>fl  Kight  known  cotnjHJund.s.  in  thrtw  of  which  the  two  bydroxyl-^oujiii 
are  Bituated  In  the  riam>->  iH^nzcnft-nueN'UB,  whilo  Tour  othtrs  liave  one  hy- 
droxyl  in  eacli  bt'uxenu-uucleus,  aud  in  the  eighth,  the  position  of  Uieue 
groapa  is  tino(>rtain. 

I.  Diox^fUhraqui^nu,  C,H,<^C,H,<2^  , 

1.  Aliiabiiv. — This  compound,  in  which  the  twohydroxyla  areanppoe*sl 
to  atand  to  one  another  iu  the  para-pi-»iiitiou,  is  the  red  ixjloriug  matter  of 
mailder  root  (huhia  finctoram),  Kre»li  madder  roota  contain  a  glucoaide, 
called  raberythrlo  aoid,  which,  when  the  roota  are  ateepcd  in  wator, 
la  resolved,  under  the  influence  of  a  peculiar  ferment  &Uo  oouloined  in 
them,  into  aliiarin  and  gluoose  : 


KuberyttirVo  acid.  Allxnrla.  Oluoone. 

In  old  roota  thla  change  has  already  takon  place  to  a  oonniderable  ex- 
t«ut,  ao  that  they  contain  free  alizarin.  This  sipontaneoufi  ciiiin^e  waa  the 
baiiia  of  the  older  method  of  obtaining  alizarin,  and  of  the  uae  of  madder 
in  dyeing.  Varioua  meth<jda  of  aooolerating  the  decompottition  havo  been 
iuvente«l,  in  particular  the  treatment  of  the  pulverized  root,  preriouul^ 
exhausUjd  with  water,  with  strong  nalphurlo  aoid,  which  deoompottes  the 
ruberythric  acid  in  the  manner  h1h>vu  explained.,  but  does  not  alter  the  ru- 
aalting  aiiiarin.     The  pnHlutTt  thiia  obtained  ia  oallAd  garanoin. 

At  present,  howerer,  almrmt  all  tho  alizarin  naod  In  dyeing  la  obtained 
by  artiflcial  proc«4s<^  from  anthraofue.  It  may  be  obtainud  by  the  lU'tinn 
of  melting  potaah  on  various  derivativtta  of  autliraceue,  viz.,  dibrom-  and 
dichlor-aathroquinone,  the  two  mouoxyaathruquinunt*s,  and  anthraqui- 
nono-diijiulphunio  acid,  (iraabe  and  Lieberniann,  in  ]8(!8,  flrat  prepared  it 
from  dibroioonthraqainone,  aud  K'rkin  itrMin  afterwards  showe*!  that  it 
might  bei  obtaintjil  much  more  eoonomirally  from  anthraquinone-diaulplmnio 
aoid.  Thia  loat  m^'thod  ia  now  carried  out  on  a  Tory  large  atale.  The 
mass  obtaiut'd  by  fuKiou  with  pota.Hh  ia  dtasolved  in  water,  and  the  alixarin, 
precipitated  by  hydrovUlorir.  ac.iil,  ia  purified  by  cryatalUzatiuu  anil  aul>- 
iimation. 

Alizarin  cryatatlizea  from  aloohol  In  rofldiah-yellow  prfHraft  or  needles  con- 
taining 3  mol.  H-O,  which  it  givea  off  at  lOOO.  U  melts  at  27.'»0  C.  (5270 
P.)  (LielMjrmann  a.  Tnwchke)  ;  at  28!»a_'JilitO  c.  (562.20_5540  F.)  (Claua 
a.  VVill;;erodt),*  and  HubliiiKm  in  ()ranf(e-t.*olore<l  ni<t>dles  ;  di-HHolvea  Bpnr- 
ingly  in  hoi  water,  eaaily  in  ahohol  and  ether;  alao  lit  atnnig  aulphurio 
avid,  forming  a  dark-red  aoUtioxi,  from  which  It  is  procipilat«d  by  watvr 
in  its  urigiual  Alat«. 

^^m  ■  I>#uiBiih.  mt.  a«a.  Il'r  18T\  pp.  wi,  an, 


ANTIIEACENI    OROUP. 


K 


jtrnoturc  of  a  diatx^mic  pticnol,  and  reaoU  like  a  wt 

tm  iu  &lkiUiti9,  furmiit^  parplti  tfuLuliuiu,  fruui  whidi 

K&lU  tlinw  down  ihtf  correnpondiug  aalu  a«  piirpl« 

D  from  moiioxy«iiltir&quiuouti>. 

and  UU'BaIu  form  rvd  preoipital««  (madder-lakc«)  ;  fez 

viulMt  pruoJpitaW.     TLiu  Uftu  of  aliiann  iu  dyeiiig  and  cali< 

ftftmndMl  uu  tbii*  |irup«!rt/  of  furmiug  uiiolubtt:  colored  couipoui 

hUU. 

i»  oonvvrted  bjr  heating  with  linc-dtLSt  into  autUroceue,  and 

rith  nitriu  itcid  inlu  phtliAl&o  acid. 

boiUnl   with   aootic   auJi^dride  yields    Ursi   mtmacttjfi-^i 

"^llfUjO^    and   oftur    proloogud    boUiog,   lUaceiyl-aliiahM, 

'>.  C,Hj.C,0,.C,n,(NII     "V    '     iaf-1  by  beating  aUurln  wH 

u.-nitt  to  l&(*-w2intO  L".  -  F.>,  ory«tAlii«ea  su  broi 

.^.  ..mg  at  -ZJiJO-'Z^i)^  C.  (4  -     -^       i'.). 

.   iMUAni:!  ia  form«<l  by  heating  phthalic  anhydride  mad  hydroqi 

u^w\  »r  parac-lilorophc'iiol,  with  ttulphurio  acid.  It  cryetaUixaa  from  et| 
iB  yellow  uiW4lU>sm<>lting  at  194^  C.  (381.2°  p.)  ;  dlsao'lvee  in  aJk^ir«  wj 
^lAtf-violft  color ;  formn  bluu-violet  prtH^ipiUtes  with  baryta  and  magnraii 
fffi  with  aluiuiua ;  and  is  reduced  to  authraovne  by  heating  with  oine-di 

3.  Pc»PC»0XAWTiii5  (or  Xunthntfrnrfmrin')  occurs  In  Bniall  qnantity 
ttuidder,  and  in  formod  from  purpurin  by  rtMluoUou  with  ittannooB  chloi 
iu  alkaline  wdution.  YuUowlsh-rtsl  neiHtb'fl,  m.  p.  2t>2':^2G30  C.  (503.1 
SOfi.^'^  F.)  :  dU»olving  with  red  oolur  in  nlkaliai  and  baryta-water, 
alkaline  stiitiUun  it  aUiorlie  oxygen  from  the  air. 

ParpnrozanthJo  Aold,  f, JI^O,  =  C„H,0,.CO,H,  fa  a  cnnstUoent 
cuiuiui  iiial  ]iurpurtu,  from  which  it  may  im  extracto<l  by  moans  of  boili 
alDiii-l>t]uor.  It  is  more  sohibla  in  iKiillng  water  than  most  madder  cole 
oryttalliztrri  from  hot  aloolkol  in  yellow  m*edl>^;  molts  at  2310  C.  (447. 
ft.),  and  splits  up  at  232Cu2330  t\  (449.(A-4.^)1.40  F.)  into  CO,  and  pt 
puroaatithin.  It  dissolves  in  a  Ixiiling  solution  uf  ferric  ohlorido  with  d« 
tfdduh'brown  color,  and  is  rupreoipitaled  by  hydrochloriu  acid  iu  y«l 
•Bck.1. 

l^lTp^roIanthio  a<nd  U  most  probably  identical  with  Afnnjuitin,  a  c«lorIl 
extraoleil  somu  years  ago  by  I>r.  8l*!nhonsv  from  Afunjen  or 
~  ler.  this  substance  \>*^\\\ft  also  rcaolred  by  beat  into  CO, 
kthin  (Schunk  and  Uoeiuur,  Cham.  6oc.  Journal^  ld77,  i.  Otitf)i 

H.  Oioxyandiratiuinones,  C,H,(OII)<^[J;>C,H,(OH)  . 

4   AvTHmaPLATOffB. — Formed   from  oxy benioio  acid,   C|H4(0I 
CtVOH.  (u  «iuaU  quantity  by  dry  distillation,  in  larger  quautlty  by  h* 
kMiC  »»>^  '•tii]>hiirir  acid  to  18<>O-200O  C.  (35«CL^33f^  P.).     rrvstalllifv 
1.'?;  tiublimea  above  300O  C.  (572°  F.)  with"  partial 
^vjtbout  provioua    fusion;    nearly   insoltiblv  iu  t>otl 
viai^r,  «n^:t;:v   :.<>luble  in  other,  moru  eofiUy  in  alcohol:    diBsnlres  w|| 
Wt.*-*  n  «vlur  LU  alk>lii>s;  drnvertvU  into  alixorln  by  heatuig  with  linc-dui 
o^ybviLkMc  acid  by  fuaiou  with  potash. 

JksrtttBArtATic  ActP. — Formod,  together  with  ifto-anthraflarlc  i< 
—  <Hfcwt  aathraquinone-dlsulplionic  aoids,  in  the  preparation 
aliMvte  «■  1^  Lar^  koIv.     It  is  therefore  a  constituent  of  crude  oi>mmi 
«U}  atlaaHk»  vmi  «iv  be  vxtrao^  therefrom  hv  lime-waier  (thn  alixaT 
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rcmftfurng  nndtssolrdd),  the  nd  solution  being  prec]pitat«d  vUh  hydro- 
ctiluric  ncid,  ami  the  pnx-ipitute  treated  with  cokl  baryta-water,  which  <liB- 
Hulv*>!i  iun-aathrallavic  acid,  aud  Ivavea  thu  aiitlu-aJlavic  acid  auUiH:<olved. 

AnthriiUariu  acid  cryslalUxea  fronk  alcohol  la  anhydrous  yellow  silky 
nvudli^:  luulla  above  33UO  C.  (62(P  F.);  disaolvM  in  alkalii*»,  with  yel- 
lowi)ih-red  uolur ;  foriuH  with  auelic  anhydride  a  diactiyi-eompoumif  CuU. 
(<.K',Ha<>;,0^  lufHiug  at  227©  C.  (440.GC  j?.), 

6.  Ifit^-ASTnRAPXAVic  Acid,  prepared  aa  alx»ve,  crystallizes  from  aqnoons 
alcxibol  )u  long  yellow  uet^dles  with  1  mul.  H,<),  which  is  ^irtrn  off  at  15(lO 
C.  <30:£PF.);  the  anhydrous  compound  mells  abovu  33<rO  C  (tI2(iO  K.). 
Difi.iiilvea  in  alkalies  with  deep-red  color.  The  diac«tyl*compouud  forms 
fiLuall  pale-yellow  cryat&la  melting  at  IdftO  C.  (3830  p.)* 

7.  CuRTBASiJf,  preparerl  by  heating;  with  alcohol  tho  diazo-compound 
formed  by  the  aetiipn  u(  nitrnuH  iirid  on  jiulpliAte  of  hydroohrysAininido 
(iVj/Vu),  cryatullizt.'H  in  golden-yellow  luminie  or  red-bruwn  higlily  lustrous 
needles  ;  meltK  at  1919  (.'.  (375. 80  F.);  disuolves  in  alkalies  with  yellowish- 
red  color;  forms  insoluble  red  comjtounds  with  limr-  and  baryta*wat«r; 
is  reduced  to  anthracene  by  heating  with  xinc-dust.  The  diauelyl-com- 
pound  formM  yHllowish  lainiujB  m.dtin«  at  22ti^230O  C.  (438.b<;M4«0  F.). 

TftraaitrorhryMOzin^  or  Chr^gnnuiiic  acidy  f'i|H,(NO,)^(OH),(>,,  fumi.d  by 
heating  aIot*«,  orchrysazin,  with  strung  nitric  acid,  crystallizes  in  goldea- 
ytdlow  lantinie  sparingly  soluble  in  water,  and  reacts  likt*  a  cttmng  bihasio 
acid.  By  tho  aclioii  of  reducing  agi>ntH  it  is  conrrrtfd  into  tctramido- 
ohrysaziu  or  cbrysammlde,  C,^H,(NII,)4(OU)jOj,  which  crystal- 
lizes in  indigo-blu^  netidles,  having  a  splendid  copp«ry  lustre. 


8.  FBAKGcrLtc  Acid,  CnHgO,  -f-  liHjO.  n  dioxyanthraquinone  In  which 

the  relative  poRttions  of  the  two  ini  groups  are  not  known,  is  formed  by 
the  action  of  dilute  acids  on  frangulin,  ^eHj„0,Q,  a  glucoside  contained  in 
tha  bark  uf  fihamnus  f'rtintpila.  It  crystallizes  in  orauge-yeUow  ne**dli'8  ur 
plataa  containing  1^'  mnl.  H,0,  gives  olf  iu  wati*r  at  IbOO  c.  (35t;o  F.), 
and  melts  at  2520-254^  C.  (485.tiO-4brf.20  F.).  Reduced  by  ziuc-daitt 
to  aHLthraoune. 


Triojcyanthraqainoneft,  C^H^Oj  =  Cnnj(OH),0^. — Of  these  eom- 
pouniU  there  are  four  known  modifications  : 

1.  PuRPuara,  C,H,<^|[^C,H(OH)„  occurs  in  old  madder-root,  to- 
gether with  alizarin,  and  maybe  separatwl  by  means  of  Wllng  alum 
solution,  in  which  the  alizarin  is  iiiKolublt!.  It  may  be  fornjed  arliRimlly 
from  alizarin  or  chrysajcin  by  oxirlntion  with  MnO,  and  sulphuric  acid  at 
144>0-1«(P  C.  (284O-320C  K.),  and  from  purpnroxanthin  by  merely  heat- 
ing the  alkaline  solution  in  nu  open  vessel.  It  crystallizes  in  retldiah- 
yellow  prisms,  easily  fusible,  and  Rtibliming  with  partial  decomposition  ; 
somewhat  more  soluble  in  water  than  alizarin  ;  dissolviw  with  red  color  in 
alcnhol,  other,  and  alkalies  ;  forms  purplc-n^i  prt^cipiLates  with  lime-  and 
baryt4-wat«r  ;  is  reduced  to  anthracene  by  heating  with  zinc-dust.  With 
aot'tic  anhydride  it  forins  a  triitcetifl-mmponmi,  (■,4lI,,(*H'jMjO),0,,  which 
crystallizes"  in  yellowish  needles  melting  at  191(0-1930  c,  (3740-379.40 
P.). 

/^7>wn'iuuHu/e,  C,,H2(NII|)(0H),0,,  obtained  by  heating  purparin  with 
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T^^JU?   *******" ^  fartam   brawnisb -green  meUiliculty  1wpwv«l 
TiwA|«d  la   hvK  iioi>lu»Uo  Mlotiuu  with  uitrvus  Aciil,  it  is  ooar«rtcd  i&l 

1.  AirniaAPCRrcfcis.  r,n,on.r/> 

nMUUhraqaiiiuufvdiaulphuD&tf  •  r 

d«xkimpo«iiion.     DU»olv«fl  in  alkkliui  with  fine  tiuIhI  wUif,  an 
in,  prudaovtf    rvd   colon  witU  aluiiuiiA-mord&nC6,  puri)t« 
witlk  iron-otorduiu ;  but  the  ruds  ftrd  purer  than  tbo«e  of  alUari 
purfiUtt  bluer,  &ud  t\u>  bUcka  more  int*uae.     Ite  Iriawtyl-aimjumi 

3.  FuATopcRpt'aiji,   C.ITjOH '•  >   '"  "  <OH.).  fonntMl   from   .-s-*'- 
■cUl    by  fu»iuu  with    potjuh,  from    ahx»hoI    in    g" 
ae«dU>«,  la.'lta  abura  334^  (j.  v  --      --),  »ubliro«  in  Umg  n. 
AUumu     DuaolvM  euil/  iu  Aiouhul,  with  purple  color  in  AlkMies. 

4.  OrToiBTBJkttjr,  r,II,(0n).C,0,.C,H3(0IT)y,  produowi  br  tbo  »rlion 
melting  potAfth  on  chr>niu!in,  is  prtvipitalwl  from  it»  bluUh-Tioli*t  <iit|uti< 
{n   TiH  '>  ■-    1  V  ftcids  in  brv>irn  fl<>ck»,  mud  crvhUlliva  from  alo'hol. 
triv  -umi  furnis    ligbt-rWlow    iievdKii  niclliiig  »t   1^20-1930 

(37 ;  F.). 

5.  Paandopoxparln. — ^ThU  U  a  constituent  of  ormleparpnrin.liithf 
r«gftrdiHl  «A  a  «ih>xviilix;iriu  or  frtraoxvuitliraquiaone.  C,,ll«0«,  but  lalo] 
shown   bj  Ro«.vn»ti^hl   (_CcmjtU»  rem^,  Uxxiv.  5C1)  to  wtisist  of  pn: 
porin*oftrboii  ic   acid ,  C'ljH.O,  =  Ci,U,0,.rO,H,  inasmuch   as   it 
ruBolved  br  heat  into  CO,  and  ptirpurin.     It  is  h\ao  rt^adil/  conTcrt«d  ii 
porpurin  by  olkalitii,  vwn  at  ordinary  temperatures. 

Tettmoxyantluaqiilnoaft,   C„H4<OH)40,,   U  known   in  two  modi 
options  : — 

I.  AnTaaACHBTMsa,  r,H.(OI!),.C,0,.r,n,(OII)j,  ia  fomitsl.  lik*-  atilhi 
ftavone,  frouidioxybenxoic  *oi«l,  <.'gH,(<»U)„CO.OH,  by  dry  distilUiirtn, 
hy  heating  to  14<^C'.  (2M^  F.)  witk  strong  sulphuric  arid.    It  is  insolu' 
in  water,  crystaUistrs  from  gla^Mxl  acetic  acil  or  frf)m  alcoh'>l  in  ri^llowisl 
red  needles,  welting  at  320C  C.  ((»l^SO  p.);  ^ii<ld»  anthracene  when  heal 
with.  Kino^oaL 

%  RrFJoris,  C,^Ht(OH),0„  obiain<?d  by  heating  oplanic  add  (p.  91 
witii   sulphurio   ftcid,  forma  yellowish-rrd  ne««Urt  or  crusts,  diASi^lvtng 
alkalies  with  violet-rod  color;  yields  anthracuno  by  reduction  with  iin< 
dnat. 

A  third  modification   is  perhaps  f^rmJofmrpmrin^  which  ia  rontainetl  ij 
madder-root.     It  is  very  much  like  piirpurin,  a  omvertod  into  that  sni 
stan*^  by  boiling  with  water  or  alcohol,  and  is  said  to  he  converted 
rintuciDg  agents  into  purpuroxanthin. 

Bu/i^attie  ori'rf,  CiiH.O,,  obtained  by  hunting  gallir  or  dlgalllo 
with  slronjc  sulphnrir  acid, is  a  hexoxy  an  t  h  r  aquinon*,  CjH(OHJ 
COj.CjlUim),.  It  forms  small,  shtnini;.  brown-red  nyataU,  contain! 
211,0,  whii'h  it  givt^  off  at  12l»  C.  (24^  F.),  and  suMinjeg  nt  a  high 
teroperaluro  in  cinnabar-rM  priitms  ;  dissolre^  Rparingly  iu  hot  w at 
aleohol,  and  rther,  w itU  brown  rolor  in  alknli'^  ;  pre<ipiiatP«I  with  indij 
blufl  color  by  baryta-waler.    Yields  anthracene  by  reduction  with  slnc-dt 
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Motbyl-mnthraoene,  CtjH„^C,«n».CU„  Is  formed  hj  paasing  the 
va|*or  ol  tlitol>  l-iu<'ttiaiie  or  dltolyl-pthano  (p.  ^3fi)  through  a  red-hot  tulM), 
aiiti  bv  h'.'atiiiK^  fhryuophAiiic  acid,  piut)*!!!!  or  clutn,  with  Khi<'-«iu8t.  Color 
Wan  shining  laniiiiffi,  mnlting  at  2W»^  C.  <:i!)20F.);  slightly  »nlnt'lo  in  alco* 
hul,  uth<*r,  and  glacial  acetie  aoid  ;  fosily  in  dUomfortn^  (*S,,  and  tx'nxeno. 
Furiiii)  with  picric  acid  a  oonifKiund  whicK  crytftallixvH  in  long  dork-rvd 
uecsdlea,  and  in  decoiuiioned  by  wat<*r  and  alcohol. 

Meth^lamthraqtiinone,  Cj^I !„0,  =s T.H ,.C,0,.C»n,(CH,),  obtaiuud 
by  oxidismg  tnHhylanthracenn  in  alenhnlic  t^ohitimi  with  nitric  acid,  foriuA 
small  yrllow  !U'edi(^(^,  milting  at  HJ2G-1G30  C.  C32:J.iP-32ii.40  F.)- 

OioxymrthglaiithraffuinOHe,  CpH^O^  =  Cnllj.Cll,(0Il),.O,,  ia 
known  in  two  nKKtineationa  : 

1.  Mot  hylali  in  rin  is  formed  by  the  action  of  multtng  potaah  on  th« 
potassium  salt  of  methylanthraquinonv-stilpliunio  acid.  It  closely  rt^ecni- 
bU*8  alizarin  ;  Hnhlim*^  above  200©  in  tufts  of  sniall  rvA  crystals  ;  mfiin  at 
250Q-252O  C.  (-IS'iO^ftS.GCi  K.);  dissolvi's  in  alkalit'S  with  hlue-violt-t  wlor. 

2.  Chryaophanio   acid  (fyiriftic  actti,  lihcicm-iJ)  (K-curs  in  the  lichen 
tia  jmiririiita^  in  st-nna  leaves,  and  in  rhubarb  root,  and  may  \te  ex- 

ttn-n-from  by  t-ther  or  nlkaliej*.  It  cryBtAlllzt'd  in  guldt-n-yi'llnw 
lle«  or  prisuiH,  nu-lts  at  l\'i'2P  C.  (323. fp  F.),  and  subliuws  partly  wlth- 
dt^composilion  ;  (llasolvi>8  in  alkalies  with  rt^I  color;  is  reduotxl  by 
lnc:-duflt  to  mt'thyl-anthracMne. 
TrioTi^methylanlfiraguinonf.  or  Emodin,  0,511,^0^  = 
<H,(ril,)(0H)j.O3,  occurs  in  the  bark  of  Wiamnua  Jratigu/a,  and  in  small 
lanlity,  tog^lber  with  chryaophanio  arid,  in  rhubarb  root,  and  Is  sopa- 
tted  by  solution  of  srxlium  earlj«)nat«%  wliicli  ditt5olvt>s  the  emoiiin,  luar- 
thi!  chrysoi>liAnir  aoid.  Ivong,  britllu  orang'j-red,  niontK'linlu  priitma, 
Siting  at  3450_25(>o  f.  (4730-4820  F.);  ctmverlod  into  niuthyl-authra- 
sno  by  boating'  with  zine^tlust. 

Anthracene  carbonic  Actd,  C,fH..CO|n,  U  obtained  by  healing  an- 

racvne  with  carl^onyl  cbloridi*  to  200O  C.  (30!^o  V.)  In  Boalod  tube's,  dln- 
Iving  thn  prtxluct  in  sodium  carbonat4>,  and  prt'cipitatlug  with  hydn»- 
loricnrid.  Ijonp,  silky,  Jight  yellow  ni'i-rtlc*!,  uu^lting  with  dtioomiK«i- 
onat2(H:o  r.  (4(»2.80f!);  slightly  sohiblt- in  hot  wat.-r,  easily  in  alcohol. 
:ldizfil  by  dirnmic  acid  to  antbraqitinonr  ;  rt'solvrd  by  ht-at  into  CO,  and 
Ihracrno.  An  isomfric  acid,  obtalnf.Kl  by  saponlflratinn  of  tho  cyanide 
^fcrodiiwl  by  heating  potasHium  Bnthrnc»'n«^8nlpb*>nftttA  with  pnta*sium  ft>r- 
riMryanide,  melts  above  22(P  C.  (42SO  Y.),  and  BUbliincs  without  decom- 
jKMfitiou  in  uraugtj-ycllow  nvodkit. 


^ 


Hgdrocarhom    of   Hi y her    Boiling    Point 


Pyrene,  C,,H,(,,  and  Chryteno,  C*uH„.  are  mnUinod  in  thn  portion  of 

coal-tar  lx>iling  almre  3fi(M  i\  (liMiO  K.j  (Ij.  p.  of  ttntUraceUi),  and  may  Iw 
separate*!  by  heating  the  solid  tiiaHO  with  I'nrlxm  sulphide,  itbicli  di^rt^dves 
pyreue,  together  with  other  liydroearlKiua,  while  UiecUryst-ne  remains  bo- 
Lind. 

Pyrene  may  l>e  obtained  purr  by  distilling  ofT  the  earlxm  sulphide, 

dissolving  tb«'  n^siiiii"'  in  aloolml.nnd  n«Miitg  ku  alcolinlioaoluliun  of  picrie 

[|,      Rrd  rryatals  thou  Sf|mmle,  ooni^sling  of  n  i>om|MMind  «if  pyreue  and 

icrio  aeiil,  wlnrh,  ftfti<r  pnriiiiJiliun  by  repealtM  crysljilUxation  front  nlco- 

»1,  may  U*  de.i>miHi«ed  by  nmmi»nia.      Pyrene  erynlallt^'s  in  plates,  melta 

1420  C.  (267. UO  y>)*  «»«i  distiU  »t  a  higher    U<mperatun> ;  diasulvea 


»«0 


TBBPBNBS. 


Ijr  in  onM,  ommv  rvttdilv  in  hot  alooh<^  ;  rery  cMtlr  In 
•Clwr«  and  isarboa  tulphtde.     Jts  plcno  Acia  campooiul,  ('|«U|9' C|H,v*^ 
cr/»tAltiics  iu  rvii  Dn-<11««.     lJe«t«a  vitb  b^dri<jrUu  acid  to  SlMJO  C. 
K.>«  it  iM  cimvt*T»ud  inui  *   h«xfa ydrido,  L,gU„.H,,  m«iUh((  lU  127< 
(2^.tio  F.)'     H«<stifil  with   chniaiic   acid   mixture,  It  jrl«idiA   S*?'*' 
qolaone,  ^i«iif^.  wUich  sablimea  in  r«d  needles. 

Cbr5»*n*,  Cj,H,^  tb^  purtion  f>f  the  high-boiling  coAl-tArhrdi 
vhirh  in  inttoltiblo  in  rarbon  laliittidr.  ma/  br  purified  br  rvp«at*d 
talliiation  from  bvnxene.     It  is  thus  obtained  in  bright  /tUow  glttft«i 
9fal«^,  whioh  canniH  tw  doculoriicd  by  rvcrrslalliutiau,  }*ut  may  tM*i>btJ 
quill'  mlurluM  by  healing  with  hrdriodic  acid  and  axnorphou*  phoepbi 
to  24*o  i\  (4t'r40  F,)^  PI-  by  boiling  with  alouhol  and  a  amall   quantitj 
tiltrif  add.      h  dUsoIvea  very  spjir     _ '       i      '     '    '        '  -  r,  aud  carlmn 
phi<Ie,  more  frirly  in  Urnjene ;  sul-:  laminie,  which^ 

hibil  afin*  blue  fluor.-.  .M. ...  aud  u.:^..  „.  ...       :,_.  ^  * :«     1'.).     Its  picric 
eompound.  C^U,..'  < ),  crrstAlIiii^  in  bmwu  n(-*.<dl«s.    Uv  oxidi 

with  chromic  ttuU  >^^|ved  in  gl&dal  acetic  acid,  it  yirlds   c  h  r j 

sene-qninone,  t'i«tt|«'-V  wl>><^h  crystalliu'S   in  r«d  n««dltfti,  melt«  at 
SiSOC.  (45SOir,^^  dts:Mjlves  with  fine  blutt  color  in  strong  nulpbtiric  acid,; 
ia  prt-nipiutiid  fn.tm  the  »«>tutlon  by  water  in  its  original  state,     f'h 
qntnon**  unit«9  with  arid  sf¥ltum  ttulphite,' and  is  rwlutt'd  by  eolpbi 
acid  to   ohr  Tsohydroquinoue.    C^fl^COH),.     By  dial'illatiou 
aoda-liroe  it  yitilda  the  hydnirartwn  C,,!!,,   (111.  p.  K4C1-105C  (\,  21 
221^  F.),  jn6l  an  phenauthruue-quiuonc  yields  diphcnyl  (p.  561). 


cid,aad 
219.^H 


Retffoe,  C|i^H,*.  occnn  in  thin  nuetuons  scalua  on  foedl  piDfr-etims, 
ImU  nf  pi^t  and  lignite,  in  Dvamark  aiul  other  lotuiUttts.     It  in  prodi 
in  tlir  dry  diiitiUation  of  very  n^sinnas  fir  and  ptnr  wood,  pa^fiing 
together  with  the  heavy  tar-oil,  and  separating  in  Ecalp>«  like  paraffin  : 
tf)i^'thi!r  with  other  bydrocarU^oa,  by  parsing  acetylene  through  rt^i- 
tnbeii.     It  crrstallizrs  in  cntorlo^  tantina^,   slightly  Huluble  in  alcol 

lily  In  ether;  melts  at  9ftO  C.  (210.2^  F.);  forms  with  picric  acid 
enmpnnnd  Ci,H,,.Cgn3(X0,),0,  which  cryslalliiea  in  orangf-yMlow  lurvd 
la  tymrerted  by  snlphnric  arid  into  a  disulpbonio  arid,  and  by  chru 
acid  niIxtari*intodioxyr©ti»tene,C„II„0,  (m.  p.  19-tJ-iy50C.,3**l. 
3&30  F.),  and  phth&lieacid.  I)ioxyreti»ten»*,  hratd  with  aiitc-dust,  i£ 
veri«d  into  retistene,  CmH||,  which  crystalUzca  (tx>m  alcohol  law] 
lamin*,  and  fomta  a  crystalline  compound  witli  picric  acid. 

r^imilar  but  h-sa  known  hydr«carlKinB  are  /7cAi//i/€,  found   OD  old 
ateiDf  ;  /t/ria/iM,  in  quickallrer  or«  from  Idria  ;  and  ikhetrwrittf  in 
lignite. 


TERFENCS   and   CAMPHORS. 

The  lerpencs,  C^n,,,  are  volatUe  oils  existing  in  plantfl,  chiefly 
onniferous  and  auranliaceons  orders.  They  hartj  nut  yvl  Xhxu  formed 
any  artificial  proceaa,  but  their  relation  to  the  aromatic  ^roup  ia  shown  bf 
their  OQDver»ion  into  tcrephthalic  acid  by  oxidation  with  nitric  acid,  and 
hy  the  formation  of  cymeue  from  turpentine  oil  (p.  819). 


Tnrpentlna  oil,  I  ho  most  **-'" 
intil  iu  the  woihI,  bark,  U*avea.  . 
liferona  trees,  and  is  usually  ]  .   ^ 


'*-'  ■>f  the  gron 
!•■«,  flrs, 
-    crude   In 
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the  o1eo-rf>fiinonB  joice  which  cxades  from  inoiitinni  In  the  hark  of  thn 
trm*«,  fither  alone  or  with  wat>>r.  It  was  forni«'rlv  siippotitit  thftt  all  the 
voUtilt!  oUa  tliiis  obtained,  and  having  the  t^nipooitinn  t*,QH,f,  were  ideu- 
lK'«l  in  chimiieal  and  physiuai  })rup4>rtit's  ;  but  r«c«nt  invtmtigatioiLs,  tvpo- 
cially  th(M(*  of  BtTthelut,  haro  shuwrn  that  thti  turprntine  oiU  obta,iii«d 
fniin  difTvTfnt  sourcoa  exhibit  oon^tidernblH  divuntitieai  in  thdr  pliyaiual, 
and  inufd  i?:fpt*oially  in  their  optic-al  propitrtii-s  ;  further,  that  must  kinds 
of  lurpcntino  oil  ar«  mixtures  of  two  or  more  isomeric  or  {xtlyuierio  hydro- 
cnrUinv,  d'lfTaria^  in  p)iy«ical  and  soiucliuiej  also  iu  clieiuicnl  pn>|H'rtiea. 
Tlu'iti^  uioiliflcalioiia  art*  ofuii  pr'jdiictnl  hy  the  action  of  heat  and  ol  chemi- 
cal ri-'agentfl  during;  th«  puriflcatiun  uf  tho  oil. 

Thi*  8*tveral  Tarieti>*a  of  turpvntine  oil,  when  puriflml  hjr  repeatorl  ro>Hi- 
fication  with  water,  are  colorlutis  mobile  liquids,  having  a  p«tiutiar  aromatio 
hut  disagreeable  (Htor.  The^  are  iiuulubli'  lu  water,  slightly  soluble  iu 
a4|iieon<i  alcohol,  miftrible  in  all  proportiuiiit  uith  alwiilultf  ahtthol,  ether, 
and  o&rlKin  diaulphide.  Th<*y  disaolrfl  iodine,  sulphur,  phosphorus,  and 
many  organic  aubatanc^^  which  are  insoluble  in  water,  ituch  aa  flxed  oila 
ftud  re^inn,  and  are  therefore  used  for  making  Tarniaht-». 

The  principal  variellea  are,  French  turptmtine  oil,  obtained  from  Iho 
Fronch  or  Hordeaux  turpentine  of  Pinus  nuirittma,  and  Kngli?*l(  turpfntin« 
oM.  froui  the  turpentine  cnll^cted,  in  Carolina  aud  other  Southern  btatei  of 
the  American  Union,  from  Pinus  amtraiu  and  I'imu  Tirda, 

French  tnrpentine  oil,  when  purifled  by  neutrnliztug  ft  with  an  alkaltna 

carbonate,  and  then  diHtitling  it,  first  over  the  water-bath,  and  then  iu  a 

vacHUm  (by  wbirh  treatment  alt  tranHfnrmntion  of  tlie  prtxliiL-t  tty  heat  or 

by  reaj^enb*  is  avoided),  L-uusiaLs   mainly  of  a  hydrocarbtjn.  (',,11^.  cidteil 

^  lerebenthone.     It  ba*i  a  gpecilic  gravity  of  0.804,  boiU  at   Itjio  (;. 

^B  (321. t^  F.),  and  turns  the  plane  uf  polarization  uf  a  ray  of  light  to  the 

^K  1<*A.     Bnglidh  turpentine  oil,  treated  in  a  similar  utanner,  yields,  aa  ita 

chief  constituent,  a  liquid  calt*d    aastraleue,    or    a  uat raltireben- 

thene,    having  the  Haine  Hpeclfic  gravity  and    U>iliug  point  aa  t«reben- 

thene,  but  turning  the  plane  of  polarization  tu  the  right. 

VVhrn  pure  tur[H<>ntiiu<  oil  (tcreb«,*utheue  or  auntralene)  in  heated  to 
2(KlO-2r)iiO  C.  (31>2<^-48:io  F.j,  it  undergoes  a  molemlar  transfnrnialion, 
and  may  then  be  iteparatt>d  by  distillation  into  tnu  oils,  nne  calbnl  auH  t  ra- 

tpyrolene,  iaonu-rii:  with  the  iirigiiial  oil,  and  Iwiling  at  17tA-1785  C 
(348.HO-352.40  F.)  ;  the  other,  unlltHl  m  etate  rehe  uthcnr,  pulymeriu 
with  the  original  oil,  having  the  forniiila  C^llnt  &nd  boiling  at  a  tempera- 
lure  above  Z\M^  C.  (iiflt)0  F.).  B(»th  ar.^  l.ivuroUtory,  the  latter  exhibiting 
the  greater  amount  of  rotatory  p^iwer, 

•  Turpentine  oil  is  converted,  by  repeated  distillation  with  asmaJl  qnantlty 
of  strong  Hulphuric  acid,  iuto  two  inactive  modifications,  lerebenc, 
C,oH,..  boiling  at  KJlto  C.  (30(to  p.),  and  colophene,  V^W^  hr-iling  at 
a  very  high  t'.'tnperature.  A  body  of  the  name  percentage  oompusilinn, 
and  closely  rt'«einliling  tercbene  in  its  phyalcAl  properties,  in  obtained  by 
the  aution  tif  lirouiine  aud  aluolinlio  pi>bash  on  diamylenu  (p.  508)  : 

Turpentine  oil  exposed  to  the  air  a1»orba  oxygen,  and  acquires  jrowcrful 
oxidixing  properties,  formerly  supposed  to  be  due  to  the  conversion  of  thf] 

■  oxygen  into  ozone  ;  but  ai^oording  to  re**nl  experiments  by  Kingiett,*  it 
Appears  highly  pr'diabk*  that  the  oxidixing  compound  is  an  organic  perox- 
ide, 0|qH,,1>^,  whk-li  when  heat«Hl  with  water  is  r^'solved  into  hydrogen 
dioxide  and  camphoric  aold  :  C„H,^0(  -f-  211/)  =  H/>,  -f-  r,gH„0, . 

r^itrio  acid  and  ulher  {rowerfui  uxidixiug   agmita   convert  tuqieutiue  oil 
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tart*  ■  nvmhm  of  mU  proiucU  of  cnoiplex  ccmwtittitfon.    Btnmf 
^0|«|  ^eta  *<ny  vWcnlljr  no  tnrpfntin«  oil    ^-irn.-tin..-.  >..(tiit'<  it 

rVaniM  to  fthaorbvd  Irr  tarpfutiDe  oi 
•«Ac4«at  10  prodoos  iftll*inniatton.     Vtu  A 

f^'^»i*  oil  »  introdBCVNl  into  a  TM*k4  filUti  • 
tak««  Aro,  And  a  qa»a>litr  of  blAck  iiiKike  m  \ 

fklOM*  of  h/dfoehiorw  acid,  flniwiw  fta  in  a  <t:t>ilrir  in.in'.i.  r.  It 
4ia*olr«d  tij  terpetttiav  obI,  Ibnain^  at  first  a  gnn'u  solutioiL,  which 
«r«r4»  bVDMMia  IkOt,  Vkd  (Itot  off  hjdriudic  turvl.  Whva  h  tiu: 
qaaatttf  of  kdlao  I*  aaddoilr  bitnixht  ia  a(]nta>-t  wilh  tarprnti 
pfciofcw  froqaentlj  Muatm.  Tarpautin*  oU  dutiUwl  with  rhlrfri 
and  mtftr.  jrMda  chloroCarm. 


-,■..* 


■n«,    C,«Ri((50).  —  When   gm^foas    niinmjl    cMo 
■Y  pAABtng  the  gABMrs  evolved   fnnn   hi^aU^l   nitrobv 

'  --' '-  -^  -"iMna 

■  1 


Cl*l 

tp  Un.  aM 


Cfgil^.SiKi,  au(i  iUt»  whrQ  UvstttAi  wiib  alcoUoiu 

to  «*»«tVfrlfN|  into  uitn«olrrpenr.     On  atidoUtiug  v*  acul,  avaj 

m'  r.  I14VJI,  waaUiiig  the   r<«idue  with  water,  and  cryetAtlUii 

fi-  llti*  nilrt«>.iWrpfne  U  obULiuc^d  iu  nionucituic  crysLale  iii«l 

,._i.,>*K_.  c.  (:£64.:t^-^-2to(P  F.).  and   tinhliming  at  a  »ona«whal   hijE' 

ilx-raturi*.     U  burns  iwftUj.  but  U  nut  vxpluttiTfl.     Sodium-Axoalj 

tuco*  it  io  a  h/Urocwhoii* 

,Cpmp99M^$   «/  rurptfaliiitf    ai/. — Tarpcmtine  oil  fiimis  Aererftt 

ipoumU  with  hfdroeUoeie  acvi.     The  gax-ous  arid  n^ur^Tts  it  into 
iiiuh  vdrt>ch1orid«r.  r,,ll,g.Hl'l.     On  thr  other  hand.  wh«?n  the 

auhjtMiUfd  for  s^jrvral  wwka  to  tht*   action   of  the  str'-^- 
cr/rttaU  •»(  a  dib  V  tl  roL-h  lor  ido  ,  (.'-j„ll^.*JlICl.  an.' obt; 
ffMu^tund  i&  ■l>o  fonut!<d  by  Hit?  action  of  hrdro^'hloric  a<.i .  ^. 
hvficv  it  i»  CMU«d  ci  t  ren**  dih  vdroch  1  orid  «  .     B/  thu  artiuD  ot 
ilniehhtHc  aciit  on  t^^n^ben*^^  the  compnand  r-^Hn.HCl    is  fiirmrd,  taII 
dltfri-h*'nr  hydrochloride*.     Lastly,  when  acorrcnt  of  hydrochk 
acid  ^a»  is  pa«>^  through  a  wtlutWn  of  turpentine  oil  in  aiTt'tic  a«.*id, 
ooniwaDd  r^H^^HCI  is  produced,  calli<d  dipjrrolene  hjdrochto^ 
ridv. 

iiftirahrnmc  and  hfdrintir  mitir  form,  with  oil  of  turpentine,  onm] 
Aaaio^as  In  oompnnition  tn  the  hydn>ch(oridt«:  the  dihjrdrtodidt;, 
«T«r,  haa  not  bev'n  nblaine'l  from  turpeutinv  oil  ilaclf. 

Whatever  mfthml  may  be  adopted  for  preparing  th*?  hydrochlorides, 
dmbromidi^.  or  the  monohydritNlidc  of  liirpt^ntinu  oil,  there  are  alwi 
two  iftoiofric  modifications  obtaint-d^mf  liquid,  the  other  »^Vni  and  ci 
Ullint*.     The  cry?uUix©*i  nwmohydrocJiloride  is  6otnetim<»,   lhoi];;h 
appffopriat«lj.  duti^ned  as  artijicial  camftitor,  and  the  dihydroohloride 


itl*r 

1 


Hydrmlei.— TnqM'utine  oil  lefl  in  contact  with  wat^r  gvnt 
changes  into  a  crystalline  oom|»onnd  C|QH,,,3n,0  call«^<i  t«*rpin  h, 
drftle.  which  is  more  easily  obtained  by  leaving  a  mixture  of  N  pi 
turpentine  oil,  3  pt».  nitric  acid  of  sp«rcifio  ^ravily  1.25,  and  1  pt.  ajccl 
exposed  to  the  air  in  a  shallow  Te«5el.  It  frmnd  rhorobi. 
ous,  easily  soluble  in  water,  alcohol,   and   cth*>r.     It    n  ■.^ 

giring  olT  water,  and  U-ing  conxert'-'i  int..  a  white  cnrrt,*,; ..», 

terpin.  baring  the   oomposition  '.,0,   or   C^H„(OII)j.    wii 

uiclu  at  lOao  C.  <217.-P  ¥.},  and  ^^  >  slender  ue«dlw  ;  with 
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minft  at  5(P  C.  (122^  F.)  U  forms  «  bromide  whieh,  when  distiUed,  yields 
cymene. 

By  hoating  tt)r>  aqtifsms  §olution  of  U'fpin  with  u  amall  qa&nlity  of 
hydrocliloriti  aoid,  or  by  boiling  the  di hydrochloride,  C,oHif.2UCl,  with 
water  or  alcubulic  [xttaith,  ti^rpindl,  2C]0U,4.H,O,  is  nhtainud  an  an  oil, 
smelling  liko  hyacinths,  and  dibtilliug  at  lti80  C.  (334.40  p.). 

ConMtitulion  and  Combining  Capaciftf  of  Turuentine  Oil. — The  hydrocarbon 
C,oU,a  act!*  tLA  A  quAdriralt^nt  rodiirle,  capabU  of  uniting  with  four  mnnad 
atoms,  and  th^rrfore  with  two  uiolmriilus  of  thv  acidK  HC],  HBr,  and  HI, 
thurvby  producing  thtu  dibydrfxiblurtd#^,  vie,  abtire  mentioned  ;  but,  like 
otlitT  tt^trad  radicji-s,  it  can  also  take  up  only  two  uionad  atoms*.  prtHiucing 
tho  moni'liydruohluride,  t-'tc.  The  rnxaxv  totrod  radiclu,  by  doubling  itself, 
loses  two  uuitji  uf  equivalenou — jUitl  as  two  atoms  of  carbon  when  united 
are  aatUfied  by  six,  and  not  by  t;ighl  atouui  of  hydrogen — and  forma  tho 
hydrocarbon,  t*j,H„,  which  is  sexvalent,  and  can  therefore  form  such  oom- 
pounda  aa  ('^IIj,.3llCl.  Further,  thia  anme  hexad  radicle  might  form  non- 
•aturated  c^iui^mnda  containing  ouly  four  or  two  immad  atomji ;  iu  ronlity, 
iwever,  only  thoao  containing  two  monad  atoms  are  known,  such  aa 
,!I„.11CI. 

[f  in  the  several  hydnx^hloridi**  eai-h  atom  of  chlorine  be  r<^pUced  bjr 

rdroxyl,  HU,  we  obtain  the  Ittmiulte  of  the  («'veral  bydrnti-?'  of  turji^n- 

oll;  the  hydrate  cnrreaponding  with  the  hydrochloride,  <',gMjj.3IICI, 

not,  however,  Iwen  prepared. 

The  formation  of  cymcnc  from  turpentine,  by  first  eonrcrting  the  latter 

Lhe  dibromide,  C,oH,«Br,,  and  then  abstracting  H,Br,  (p.  S19),  nliowa 

at  Iurp4*ntine  oil  la  a  hydride  of  cyineut*.     Nuw  eymene  is  luetbyl-pro- 

-U-nitene,  C4H|.(CH,)(l',Hy)  :  hence  the  relation  of  the  two  bydrooar- 

>us  muy  he  ropre^ieutvd  by  the  fuUowiug  formulie:— 


4 
4 


OymeBF. 


Turpentine  oU. 


The  presenpe  of  two  lateral  chains  in  the  raol«cnle  in  the  poftitlon  1  :  4, 
ts  in  accordance  with  the  fornintion  of  terephtbnlic  acid  by  oxiilntiou  of 
turpentine  oil.  The  otlur  pniducta  of  its  oxidation  are  Iik<'wi«o  in  ac<'ord- 
mxkcn"  with  thia  view  of  the  couBtitution  of  turpt^ntine  oil.  Utbi-r  arrangi*- 
menta  of  the  radicles  CH,  and  C,!!,  iu  the  molecule  are,  however,  eon- 
reivable,  and  may  perhaps  give  rise  to  aouie  of  the  isomeric  ni'xlifl- 
oations  of  turpentine  oil  and  its  congeners.  Other  iiiodifliationa  may 
arise  from  thf  hydration  of  otlior  mctnmeric  forms  of  the  molecule  C,gll||, 
t,ij.,  ethyNlimi'thyl-li^'iuene  and  tetra-uifthyl-lM'njsoue. 

The  formula  of  turpentine  oil  aliove  givMH,  in  wliirh  the  double  union 
of  one  pair  of  mrWrn-alomH  iu  cynien*'  it*  lo'^nourd,  npresents  the  moU-flulo 
M  4aturattMl.  A  Aimibir  bMiseuing  of  a  *«pfM»nd  pair  would  rendiT  the  mole- 
oule  bivalent,  and  tlion-fore  capnMo  of  taking  up  1  mol.  of  IK'l,  HBr,  Br^, 
etc..  and  tho  I.Mrtpning  of  th..  tbinl  p/iir  would  roudor  it  quadrivalent,  and 
eapablfl  of  uniUug  with  2liCl.  SIlBr,  uto. 


w 


TKRPBNBd. 


.•l«Uf  |»«AiaW  if  Osidmim  o/'  TmrfMHliitt^, — ^Tnrpvntine-cM]  boiled  vkh 
\uW  fuCrio  mcid  fields  funnic,  AAxtic,  butjiic,  oxaJiL,  ivrt'tic,  toluic 


i 
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rbou^ 


Tiirebio  acid,  C'^   ^,    -.-c-b*^!!;,.*  ;n  .v.i^ing  pnsms,  easUj  sol 
in  hot  vatn-  ami  alcxl  K.),  and  saUioMi«  al  a 

liMrer  temperatur*'.     i.  '^l  uito  CO,,  and 

l«f«bic   actd,  C\H„o,  (p.  il«>.     Uv  buiiuijj  with  carbonates  it 
aatU,  l'.H,ll'(\,  wliirli  Ur  ih^  action  vt  ftlroiij;    ba«»>s   arc  oouvt-rtMl 
•alL«.<.\l],^^t  i  diatercbatrs,  ibt?  acid  of  which,  (',H„Oj, 

•ot  l^  obtjkx  frve  state,  a-i,  whrn  s«parat«J  from   tUv  aalta 

imm«^Lat«lr  r--:*.:*.-.!  mlo  irat«r  and  tereUc  acid. 

Tvrpm  iieaWd  to  4<»t)0  C.  (lill^  Fj  »ith  »»j<lA-liin«  ia  coDTertvd 
t«r«l>rnttlic  acid,  f^KigO,,  vhirh  cr>'stalUit*.d  from  hot  watrr 
alcohol  In  ftlender  swodks  mcliing  at  9*}P  C.  (\i>4^  K.)*  ^^"^  di^iiUing  ai 
2^0  C-  (4':*^  P.).  Bj oxidation  with  chromic  acid  mtxtnrt*,  tcrptn  yi«Idi 
trrpf^ziTlie  acid,  C, UnOi,  which  is  nionobasic,  crvstalliiu^  from wata 
vith  I  niol.  U,0,  aad  mclta  in  the  deh^draivd  Btaie  aL  »0O  C.  (194^  F.)* 

Volatile  rtr  Ilaa«ntial  Oils. — Th**  Tnlatil<-  oils  obtained  from  plants 
ly  pftsaaurc,  i>r  hr  dt.^tillatiitu  with  watcT,  ounsiKt  either  of  hjrdrocarl 
|»iMUf?ri(-  i*r  (KiUiiufnc  with  turjnfntine  oil,  or  of  mixtures  of  tht>»t 
drocarbuDs  with  comptJiUiiLei  of  carb>in,  hjrdrogen,  and  oxvgcn. 
o'jtaincU  from  aarantiaoeoas  plants  aru  t<<rpenm,  di«tiiigui»h(<d  b^  tbvfr 
Crsgranl  odor.  Lemon  oaJkf  from  the  rind  of  the  fruit  of  Citnt*  /Jmtamam, 
'T"lrT*lT  owinl/  of  citrene.  CjoH^,  a  dextrorotatory  terpene,  clottdj 
MMnbUnc  terobenthcno,  having  a  Bpinnfic  irravity  of  0.85  «i  IjO  C.  (69^ 
F.),  boiling  at  lt>7^  or  ItSO  c.  {'Z^'ZXO  ur  234^  K-)-  With  wat^-r  it  form* 
a  crydtatljxcd  hydrate;  r*^embUng  terpin  ;  with  hydrochloric  avid,  a  dihj- 
drochloride.  C^Uj^/JUCl,  existing  in  a  5<ilid  and  liqaid  inodifir«tinii.  and 
a  m-inohydrochluride,  C^^Hig.HCl,  apparently  auaocptiUe  of  similar  modi- 
fications. 

Similar  oils   ar«  obtainM   from  th«  rind  of  the  sweet   orange  (< 
mmrajtiiuat),  thfl  btirRaniot  (C  ber^amiu)^  tlie  bigaratle  or  bitter  orange 
higarmiia'),  th«»    liuio    ('.'.  /iWrfa),  the    Bweot    lemon    {<!'. /umia),  and 
citron    (C.  mi-Hm).     Oil  of  neroli,  obtained   by  difttilling  orai)j*«   lluwen 
with  water,  is  probably  also  a  terpene  when  pare. 

The  Tolatile  oils  of  athamauta,  beech,  burueo  (from  Ihyabalamop*  Cam- 
pkani}^  caoutchouc,  caraway,  camomile,  cnriandiT,  elcmi,  giniutrt,  hop, 
Janlper.  iint>eratoria,  laurel,  parsley,  p«|^r,  savin,  thyme,  valerian,  and 
elhen,  also  the  neatrkl  oiU  of  winter^^reen  {fjoMitknia  pmcmmhm*),  and^ 
cloves,  are  isomeric  with  oil  of  lnr|)entine.  The  oils  of  copaiba 
cubebs  are  probably  polymeric  with  it,  their  molecalee  containing  C^. 

As  examples  of  rolatile  oils  eontainin^  an  oxygenized  cunstituent  mi 
with  a  terpene,  may  be  mentioaed  valerian  oil.  which   contains   val* 
acid,  Cjllj^O, ;  pelar^vmiora  oil,  c<Dntaiiiing  peUrgunio  acid,  C^H^Oj 
oil,  containing  «Miodii:  aldehyrle,  Ci,!]^  :  wint^rgreen  oil,  containing  arid 
methyl  salicylate,  C^n^Oj.     Some  volatile  oils  consist  essentially  of  aUs^ 
hydea :  thns,  bitter  almonil  oil  oonsiKts  of  bnnxoic  aldehyde,  C.H^O; 
oils  «C  cinnamon  and  CAA^iia  cnntain  cinnamie  aldehyde,  C,H,0 ;  and 
of  aniite.  itar-snise,  fennel,  and  tarrae^n,  contain  ant*thol,  CiqII,/*. 
volAlito  oils  which   exiM   rrady  formed  in  living  plants  do  not   apfmai 
contain  any  elements  besides  rarlinn,  hydrogen,  and  oxygen.     Stilphi 
found  only  in  c«rrtain   oiU  resulting  fr<.im  a  kind  of  fi-'riueDtAtinn   proiii 
as  in  the  volatile  oils  of  mustard    am-I    .^rli.   ;   nirr.>L*.n,  when  it 
must  be  reganle«l  as  an  impurity  i  1  vccetiible 

J*   frw  volatile  oils  arc  found  li  ilj— oil  ol 

example. 


d  tS^ 
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Most  volatile  oils  arc  oolorlcait  whon  pure  ;  they  oftpn,  howi*v*?r,  hnvf  a 
c(>lur  arising  fruiu  iiupuriljr  ;  and  a  f<>Wf  the  oilu  of  wuruiwou<i  and 
ii\ii,  for  example,  hava  a  green  or  blue  color,  duo  to  the  pri^svucit 
oily  conipouad  of  a  very  deep  blue  color,  callitl  ctnltin.  TUey  have 
lually  a  powerful  o«lor.  and  a  pungent  burning  luste.  VVhvu  exptmed  to 
rtliu  air  tht^y  fnvjuL-ntly  bftoomo  olt'Tcd  by  slow  abfiorplion  of  oxTr!;<*n,  and 
osduin**  the  character  of  resinii.  They  mix  in  all  profwrtionfl  with  fat  oils, 
such  a.'t  linttond,  nut,  tvjlzn,,  and  wlialti  oil^,  and  di.tsolva  frvly  botli  in 
ftlu*r  and  alcohol:  from  th«  latit-r  solvent  thry  aro  preci])ital«:td  by  the 
addition  of  watt>r.  Volatil«  oiU  communicate  a  gri*aKy  stain  to  paper, 
which  difiappeara  by  warming  ;  by  this  character  any  adultaratinn  with 
fixtfii  oUfl  can  ha  at  onco  detected.  Many  volatile  oils,  when  exposed  to 
oold,  aeparat«^  into  a  nolid  cryntalline  compound  calbvl  a  ji/tviro/ifme,  and  a 
li(^uid  oil,  which,  for  distinction,  is  sunietimes  oollud  an  e/tBojtfcu. 


I 


Camphors 


These  are  oxygenated  cryatallinp  cnmponnds,  having  a  peonlfar  odor 
They  i;ontain  10  atonis  of  carbon,  and  are  nearly  related  to  thu  terpi^n-^!), 
with  which  they  arc  asHOciau.'d  in  plants,  and  by  tho  oxidation  of  which 
they  apfM'ur  to  l>o  formed.  Tlio  priiu-ipul  nieiulwra  of  the  group  are  cuin- 
luon  camphor,  C|,IIi^t),  and  Immeo-cauiphor  or  boruool,  Ci^llj/',  which 
Ktniid  to  one  anf>ther  iu  the  relation  of  a  ketone  to  a  aeoomiary  alcohol. 
The  constitution  of  theiio  bodies  is  not  completely  established,  but  their 
inliuinte  r-laiit-n  to  cyniene,  C'l^Hn  (p.  4Jlt>,  and  carvacrol,  C,jn„0  (p. 
871),  oy  mane  being  produceii  by  heating  oommon  camphor  with  xinc  uhlo- 
ride  or  phoHphorua  pentoaulphide,  and  carvacrol  by  heating  the  game  huIh 
Btance  with  iulinu,  render  it  probable  that  they  and  tb<'ir  ut'oregt  product! 
of  oxidation  umy  be  rt'preseuted  by  the  following  formuhe: — 
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Oil. 


HC     CO 


H,C 


CH, 


Gamiaoa 

(Camphor. 


CiL 


}i(:    cii.on 
cu 

Boruool. 


CH, 

G 


UC      CO.OH 


H,C 


CH, 


CH 

CH, 
CamphoUe 
aehl. 


cn. 


HC      CO.OH 
H,C      CO.OH 
CH 


hh 


Camtfliurlo 

acid. 


Common  Camphor.  Laurel  Camphor,  or  Japan  Camphor,  CibU^O, 
Ckccurs  in  all  parts  of  the  eAni(diur-tre«  of  China  and  Japan  {Luurus  Cum. 
ftMortt)y  often  deposited  in  distinct  erystals  ;  it  is  obtaiiit^i  by  diKtilllng  the 
woody  partii  with  water,  and  purified  by  Kublimution.  It  has  been  pnv- 
daccd  artificially  in  small  quantity  by  oxidation  of  oil  of  sage  and  oil  of 
valerian  (i.  t.,  of  tho  t^irpen.'H  coutaine<l  in  them)  by  nitrlo  acid;  of  tor- 
pftntine  oil  by  potannium  jHMnianK'anate  ;  of  campheue  (from  borneol)  by 
platinum-blaek  or  chromiii  arid  mixtupo  ;  also  by  oxidation  of  cymene. 
Comuum  camphor  is  a  coIorU'sa  tniiisluceut  nuiss,  toujrh  and  difficult  to 
rder.  having  a  strong  and  peouliar  t.T»te  ami  smell,  nnd  ft  density  of 
Small  pietrea  thrown  on  water  wove  nbtmt  with  a  rotatory  nioUoa* 
»1* 
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OAMPBORS. 

toapCTftmn^  sMte  ftl  17SO  C,  (3470  P.). 
M  SM5  a  <aM^  P.>-    H  dia«aT«B  cpMriBsl^  Id  vabrr.  ««sU/] 
■iopifcri.  »tbf ,  •o«tte  >ri<^  «»d  ^tatito  oib ;  M»t  cfjnrUlUaae  fro» 
— «b»  k^  >abti»itip»    ia  akausg  mnng\y  i«4rMtiT«  cvtsiaIs.     TIw 
vtmUm  h>  tactm-votelarr  :  (•]  -■  -f  -47.-IG. 
1^  dIataUakiMi  4yr«r  Am«4  sine  cb  Uwide.  or  with  phovphoric  taihyt 
te  fmnkvmA  teto  watrr  mmA  iQnBMM :  cju^  «  C,.tl,«  -4- 
yiMrtitfaa  of  ■iiiitylwne,  l«la«ne,  aliens,  uid  kAli«r  hj 
Mag,  Wmrar,  fanaad  at  the  mhw  tiiMw    Tbe  formacion 
lalicB  pUaa  Haro  daftaiwljr  when  canplior  is  di«till«d  m  itii  pi 
p-rtMwtpfciiiii,  tkioiTvunM,  C^HuSU,    bung  I6m«d  «t  ihi 
U«aiU4  vftlh  Miftv  U  p&rt)  it  rietds  carractW.     Br  braiin|[  »t1ti 
H.  !•  rBolved  Eatu  Lunwol  ukI  campliio  acid,  Jast  aa 
■MrfyiU  it  naolf  <d  into  Ueuijl  aluubot  and  beuoic  acid  : 


xja^o   +    KOU 


CmB^O    +     C^H^KO, 


and 

I 


Bx  kcialiiif  vtth  nltne  arid,  camphor  k  cniiTert«d  into  carapbctrie  and 
eUs  :  iwated  to  -lOCP  C.  (753^  P.)  irilk  0oda-Un«.  it  rt 

acM.C,AA- 
r.»,r.K.^   H«at<a  Willi  AnMMM  to  liocuisooc.  (230Cu24£O  P.),  vi 

cr  .H^BKJ  (m.  p.    750  C,  UST©  P..  b.  p.  2TSO  C,    627° 

»n.:      _    .,     iO   <m.    p,    2140  C,  417-2^  P.,  b.   p.  tStO  C,  M50 

Caapbor  dtf»ulT««i  In  chlorofoim  takes  sp  taiadiir,  fonuing  C]^,/>Bf^ 

a«ai|jr  coiiT«rt«d  into  C^HmBtO. 

rhWTtbrrr  tf«<at«<l  inth  hrpnrhlomiu  acid,  fields  wooacmofHmw^Jtor, 
CsB^CaO,  a  orv«taIlin«  ma^  m^^lting  at  9SO  c.  (^CJO  p.),  and  c«inTrrt«d 
h^  haatta^  with  alcoholic  potuU  iuto (u-vr«ui/4«r.  C,,11,,0f.  wbieb  sublimr* 
la  MMtln  melting  at  137^C.  (::ts.(;o'p.).  Cuuiibur  bt-at/H]  wub  PCI, 
jMdi  tb«  oumpoonda  C„H;,(C1,  and  C^aHuCl,  trasU/  oouvertMl.  b,T 
ttraatkmof  t^rdrogva  olt1<>ri<le,  into  crui(»nir. 

A  atdntloa  of  camphor  in  toluene  heated  with  Bodiom,  depoaits  a  mixl 
ot  •odiiuDH.'ainphor  and  fodium-bomeol : 

aC»U,0    +     N»>    —    C^uNaO    +     C^^^aO ; 

and   thnte  eoraponnda   treated  with   CH,[  and  C^H^T.  ji^ld   metbjl- 
rt!:  ivrt  of  caiupbor  and  bomtol ;  C^n,j<C,H4)0  ts  a  liquid 

ill.  .  (44»JO  p.), 

V\  iiru  uii*  !j<idiuin-c<nnpoamU  are  tmled  at  IfHlo  with  COg.  the  aodll 
aalta  of  cauphacar  bon  1  c  acid,  r^H^O.COfll,  and    bornooci 
bonio  acid,  C,,H,^O.CO,H,  sre  pn>lae«d  ;  and  on  trvatiiig  the  r^t 
Ing  nuws  with  water,  tnmeul  aeparat*'^  finnm  th«  toluene  wbirb  floats 
thi*  •nrf^ce,   and   tbe   aqneooa  eolation    mixed   with    b^drocbloric 
jrieMi  a  prrripitate  of  cam pbocar bonio  acid.     Tliis  acid  rr>'BtaUis« 
alcM>ho(   in  amall   prisnu.  melting    at   IlbP  C.  (£14.40  p.)^  utd  u 
ruaolrad  into  CUy  and  vaxupbor. 


^  r«ai/Jir.— By  dLatillin^  the  essential  oil  of  fererfew  f/y<e* 
iknm  /VrlAffaaMn),  and  oollectint;  apart  the  [^iirlion  which  pansett  orer 
betwcan  »0OAnd22ilO  C.(.Tf»'JO  and  4::sc  "  ■ 
eooUng,  depoalia  a  crystalUtitf  suhai&uc^- 
erwrr  re«p*ct, ejcr^jit  that  its  actio?-  ■■••  ■ 
upp<«iU*  :   [«]=s— 47.4^.    TlloeiSvli 

marjoram,  lavfudvr,  and  i^c,- 
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o»nipii«ition  and  all   lUv  properliea  of  ooaunon  camphor,  excvptiug  that  it 
14  itiikf^tivu  ttt  jwlariEud  light. 

Abfiinthol,  C,qH,^,  from  oil  of  wormwood  (Ariemina  .IJtnncAfim), 
is  liquid,  la^ils  at  llf.'iO  c.  (3S30  p.),  and  ia  ooureHt^  by  P^into  cymvne. 
Similar  lit|nid  eamphura  aro  ubtaintHi  by  oxidatiou  of  certain  tcfpnues,  as 
tU«  oil*  uf  orange  and  Dutmi*g.  A  jxilyuivnc  campbur.  c  Ary  opb  jrliiD, 
C^U^U,  (m.  p.  above  3UU^  C,  67:9^  F.),  ia  oonuiuod  in  oluvtM. 


Borneo-camphor  or  Boraeol,  (^ioH|,0  :=  C^Hj^.OH,  ocoars  In  Drya- 

balit/tufta  (  atiifi/u>r't ,  a.  ir*hs  gruwiug  iu  Ikirui*o  and  Sumatra:  it  U  farwi*d 
artidei.illy  by  ItvAtin;;  ^xminion  camphor  wiUi  alooholio  puta«b,  or  Irvating 
it  wiLh  Hfhtium  <p.  900). 

Bomool   iit  very  much  like  common  camphor,  has  a  camphorons  &nit 

rppi-ry  odor.  rairlU  at  1980  c.  (388.40  F.).  and  Iwila  at  21^3  V,  (4I3,t.o 
).  Ita  alooholio  fit>tution  in  dextrurotatury.  By  heating  with  nitric  a<'id 
it  Is  couvertvd,  first  into  common  camphor,  tlien  into  cjunphuric  and  cam* 
phoronio  aoirlti.  By  heating  with  l'jf>j,  it  ia  ^esolT^^d  into  wati^r  and  hor- 
Dtiunu,  C.flHu.  apparently  identical  with  tho  tvrpeno  contninod  in  ordi- 
nary camphor  oil  (from  Lanru*  Ctimjthmn'),  and  in  valerian  oil  ;  when  left 
in  contft^'t  with  i»oiaah-lye,  it  is  retonvcrltHl  into  borniv»l. 

Hornuol  iH  ail  ali'ohnl,  yifldiug  comjMmnd  vthors  whon  boated  to  about 
SKKK>C.  (3!120K.)  with  organic  aoida.  This  jrtmne  e/Arr,  C,oll„.O.C'j.ll^(). 
ii  a  fmlorU*MH,  viitcid  li^utdt  which  gradnally  solidiSrs.     By  Iho  aciiim  of 

1}  at  ordinary  t<'inperatur<>fl,  or  by  heating  in  a  sealed  ttiU'  with  lUM, 
„(«ol    [h   c<inr(»rt»*il   Into   tlie  chinrttir,   V^^\\„C\,  a  rry^tallln«  anltftantH* 

King  at  140^  C.  ('jfM.tO  K.).  and  vrry  much  like  tlic  solid  nifxiilicatlon 

the  hydrochloride  uf  tur|>«<utine-(>il,  with  which  it  hi  i»omorio. 

Isomfrio  with  Imrneol  arc  the  liquid  cainphon*  ccintaintNl  in  the  oil«i  of 
hope,  Indian  goraniam,  caj*»pnl»  coriander,  and  Osmil^imt  a*trn'u^*t<if4, 
HumologouK  with  b<ini**«»l  is  f^itchouti-camfthor^  ^'l>'^"'**'  "'"*'*''*•'**  '"  *'"  ®f 
patchouli;  it  is  acrvfltallincmaaa,  melting  at  &4^-55C)C.  (12d.2P-lS10K.), 
boiling  at  290O  C.  ('504.80  F.). 

Mint-camphor  or  Menthol,  <^,(,H,jO,  oocnrs,  together  with  a  teri>ene, 
in  oil  of  pifppfrmiut  (^J^Ht/^u  jjiirrrita),  and  at^paratt-s  In  orvstaU  on  ctHding 
the  oil.  It  nielUH  at  3(P  t:.  (itu.s^  K.),  l'«^'il»  at  ;il3^  ('.  <4U..4''  Y.) ;  Inrna 
tho  plane  of  i>olarizallon  lo  tlip  left;  forma  c<mipi>und  clh«r<t  with  acids; 
U  ooHTerted  by  PClj  or  HCi  into  the  liquid  cliloride,  C,gM,-t'l,  and  Ity  dl«- 
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tillation  with  I'^Uj^  or  ZnCi,  into  liquid  muutUuuo,  t'lol'i 
at  1630  C.  (325.40  K.)' 


which   boita 


Acids  produced  Ajr  Oridaticm  t^  0»mpl»r' 

CamphoUo  Acid,  C,oU„0,.  obtained  by  passing  eamphor-rapnr  erer 

heat<'d  mxla-limi;,  or  hy  the  action  of  ptitaHKium  on  a  ii<dutlon  uf  camphor 
in  (wtruluum,  rryatnllizftt  from  ah'ohol  in  priHmM  or  Bi'al(>«,  slightly  itnluble 
in  waUT,  nndlini  at  l»&0  c.  {20'A-  K.).  »iui  (-asily  subilmlng;  converi4^  by 
nitric  ucid  into  camphoric  and  caniphoronic  a4'idfl  ;  nintUfMl  by  diitttlatioii 
with  ph.ispiinric  anhydride  into  H,»>,  Ct>,»  and  catnpludene.  i',!!),,  boilijig 
at  136«  C.  (2750  F.). 

Camphoric  Acid,  C,aH,40,«.r,n,/C0,mp  *•  obloinod  by  prolonged 
iting  «jf  couiuiou  cimphor  or  lMirn<*<d  with  nitriit  a^idt 

Cw",.o  +  o,  -  c,,n,A  and  c„n„o  +  o,  -  ^,o"w*^«  +  n«o- 
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It  h  d«>xtro-  or  Uro-ruUtor.r  aooording  to  th^  rarictv  of  c«xnphor 
lU  prv|>Aratiou  ;  a  mixture  of  the  dextro-  ami  Itivo-rotatorjr  caiuphd 
«M|ual  quantitic*  ^rjt-lda  &ii  iiiactiv«  c&mpUoric  acid. 

ItrKtrwfimphnrit^  ncid  riTatftllizes  from   liot  water  in  oolorl«B8  U 

1      -t7sG  r.  (347-^3:13.40 K.). 

it.r  and  campUckrio  anb^di 
V  i4"ii'  'ji  wiin  ii  .•j(it>ximt--:i  ai  i^'^  \. .  i  -'<v-  i- .)  in  UiJning  ncodled,  nivltfl 
217-  <■.  (422.t7^  F.).  and  boiia  al  271^^  C.  (31SJ  P.)- 

T\\t!  acid  \s  biba«io.     The  calciuui  ami  Imrium  Aall«  mn  easitr  ftoltiUlo 
watpr.  and  crjstallixu  well.    Thn  calcium  %ali  is  n*solv«d  by  lieat  into  a 
nale  and  cauphor-phnrouoT  riaH,,U,Ca=sU),CA  +  C,Hj,r>, 
with  phorone  from  acetone  (p.  6t^)»  a  liquid  which  boils  at  li^^iy-'  C. 
I'.).  And  do«  not  yifid  cymtme  whi*ii  hcat«.*4l  with  phoAphorio  an] 

C&mphoric  acid   heat^i  with  water  to  150-^20tP  C.  (:5020-3i»a 
oonTctrt«Ml  into  two  inactive  modiGcatiom^,  isocftm  ph  oric  and  pal 
camphoric  acid*.     Th«  former  cryelaliUcs  in  »!« ndor  uoedlea  melt 
at  113^  C,  (:rJ3.4^F.)- 

Thf>  acid,  or  its  anhydride,  heatM  with  bromin«i  to  1300^1500  C.  (! 
30ao  K.),  yields  hromnramfAtrtc  nmAudruit^  CjgH„Br<t,,  which  cryatatUl 
necdit*  in<*ltiD£  at  2I50  C.  (4I9'=>  K.).  ^ndr  when  boiled  with  watt^r^  U 
Trrt<^  into  themonobasio  acid.  0,^11,^01  {axyatmphvric  OHhyrtritie  or  ng 
arut),  melting  at  20lO  c*.  (339.8C  K.).  and  subliming  at  llOO  C.  (23(ib 
Thin  ai'id,  or  oxyaiihjrdride,  hoatM  with  water  to  1?10  C»  (357.eP 
yivida  a  hydrocarbon  C,li„,  boiling  at  VM10  c.  (2^^  F.). 

Camphoronio  acid ,  CyH,/)^,  and  Oxycamphornnio  acid, 
C,H„Oj,  arc  attained  in  Ihc  mothrrlitiuor  of  the  pn-paration  of  cnniphono 
a<'id-  The  former  crystal  I  iirt  from  water  in  slender  "titfedltfa  witli  1 
11,0,  which  it  gives  off  at  UOO  c.  (U30O  p.)  ;  ^elts  in  the  d<<hydi 
st«t«  at  1150  C.  (:£3t>0  F.)  ;  and  distils  witliout  dLMximpotottioii.  The 
auid,  CglluOf,  orystallisvfl  in  long  prisms  melting  at  1&4.50  C.  (328.1^ 


Resins  and  Balsams. 

ion  rosin,  or  coloftkon^.  is   pThaps  t)ie  b^t^^t  cxamplo  of 
It  18  tho  n-siiuMis  flubstancv  wliioh  n^nuaius  when  turjiriitiiic  or  piiip-rcsin 
i»  Leated  till  the  walvr  and  volatile  oil  ace  expelled,  ajid  oonsisLs 
tially  of  ay  1  vie  or  abietio  acid,  C^HigOf.     On  boiling  th<*  rt>sin 
A  long  timo  with  alcohol  of  about  hi)  pttr  cent.,  filtering,  and  adding  a  111 
wat«r,  th»  sylvio  acid  separates  in  the  crystalline  state.     It  rrr^taH' 
from  alcohol  in  lauiiuD  nieiliug  at  129^  C.  (264.2^  F.)*     it  ht  monobi 
its  alkali-salts  are  soluble  and  crystalliiablo. 

An  acid  called  pim&rio  acid,  isomeric  with  syUio  acid,  is  01 
from  the  turpentin**  of  the  Pinaa  nuirititHa  of  Bonloaux. 

/>ir  is  a  very  valuabb}  resin,  much  harder  than  oolopfaouy,  aitd 
soluble  in  alcohol  :  three  varieties  are  known  in  commerce — vis,,  $riri'- 
mW-^c,  xnd  iheilar.     It  is  n»«d  in  VArnifihes.  and  In  the  niAniifai'turff] 
hats,  sad  very  largely  in  the  preparation  of  sealing-wax,  of  whii:h  it  ft 
the  chief  ingredient.     Grade  lac  contains  a  red  dye  called  lar-Hyt 

is  partly  solublHin  water.     Lac  dissolves  in  considorahle  quant ily  in  a  

solution  of  borax:  Indian  ink,  rubtied  np  with  this  Dqnid,  forms  an  ev- 
oellent  laM-ink  for  the  lalMirntory,  as  it  in  unatTected  by  acid  vapors,  and| 
when  oiice  dry,  bt^OHn^s  neirly  iniinluMe  in  water. 

ifitttic^  tiamwar-r^JUTi,  and  $atniarac  arti  resins  lorguly  us»d  by  the  v 
maker.     I/ratfon^>  biiuMi  \f>  a  resin  »if  ileep-red  color.     Copul  t**   ul«j.  , 
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litftble  ftulmlAuce  :  it  differfl  from  the  othtir  rc«Infl  in  Uung  but  bIowI/ 
olvisl  by  alcuUol  and  esaunLiAl  oila.  It  is  uiiHoiblct,  liow(*vt*r,  in  tb« 
melted  statv  with  oilu,  and  in  tbu»  ui&dv  iutu  varniub.  Amtftr  appears  to 
be  a  foMtl  rmin ;  it  in  fuund  aivoiuiMinyiiig  bn>wn-ooal  or  liffnite. 

Must  redins,  wben  exposvd  to  dtnitrudivi'  dlstillutioii,  yield  oil/  pyn>' 
priMlucU,  aftiially  ooUBUting  of  bydrocarbuUB. 

('aoutuUuuo,  or  I  ndia-ru  bbvr  ,  tbe  tbickt^ned  milky  J  aloe  of 
several  spet'ii»s  of  Ki*uj,  yVH/^AwftiVi,  and  other  trves  growing  in  tropical 
j!uuutriv.<>,  irt  ••ssentiAlly  a  mixture  of  several   hydroiarbone  isoniorio  or 

lyuteric  with  turpentine  oil.     When  puru  it  itt  nearly  white,  the  dark 

lor  of  commercial  «auut<:houu  Iteiug  due  tu  the  effects  of  smoke  and  other 
impurities.  U  id  iftoftene<l  but  not  diimulved  by  bulling  water:  it  is  also 
iUAolublo  in  aloobol.  lu  pure  ether,  rwlifled  petrob'uni,  and  coal-tar  oil, 
it  dissolves,  and  id  left  unehauf^ed  ou  the  eva]K>ration  of  the  solvent.  Oil 
of  turiwntine  aUo  dissolved  it,  forming  a  viiicid,  adhenivH  mass,  which 
dries  very  imperfectly.  At  a  temperature  a  little  aliort*  tlie  boiling  point 
of  water,  caoutchouc  melts,  but  never  afterwards  returns  to  Ita  former 
elastic  Htat«>.  tVw  nbnmical  agenta  affect  this  subwtance  :  Itence  ita  great 
use  in  ohcmical  invoetigations,  for  oouneoting  apparatus,  rIc  By  dcstrao- 
tive  diiitillatiun  it  yields*  a  large  qnautity  of  a  thin,  volatile,  oily  liquitl, 
of  naphtha-like  iwior,  called  caoiUr/umciH,  which  dissolves  caoutchouc  with 
facility.  This  oil.  ac-uording  to  Mr.  Urerille  WilliamM.  is  coinjMKhMl  f>f  two 
polymeric  bvdrooarlioua  ;  caoutchin,  CirII^,  Uiiling  at  171°  C.  (339.8^  y.), 
ami  innprt-n.',  C^H,,  Iwiiling  at  370  C.  (HS.tP  F.)- 

Oaoutchouc  combini'S  with  variable  projMirtiuns  of  sulphur.  The  miz- 
tures  thus  obtained  are  calbnl  x^alcanhi'd  jHtUa-n/f'btr :  they  are  mere  per- 
manently i'lastir  than  pure  caoiUchuuc. 

Vnicamlr,  or  Kfwnite^  in  caoutchouc  mixed  with  half  its  weight  of  ml- 

Shur,  and  hardened  by  preAsure  and  licating.  It  is  very  hard,  takes  ft 
igh  piiliHh,  and  Ib  nsud  for  making  (vnilis.  knife-handles,  buttons,  <>tc. 
It  ia  alno  i-spiHUiilly  distingni«ih>il  by  tbe  Inrgr  (junntity  of  i-lertririty  which 
U  evolviw  whfu  rublH^l :  hence  it  maki^s  an  exoidlenl  mateHal  for  the  platea 
of  electrical  mncbines. 

(i  u  tta-pt-rcha,  the  hardened  milky  juliv*  of  fmttnmhn  </i*lta^  a  Urge 
tree  gntvving  in  Malacca  and  many  of  thi^  tslnndit  of  tlie  Kastern  Archipeb 
Ago,  is  similar  in  cMjmpositiou  to  oniMi tolumc,  aiiti  rfnenibb'*  it  In  many  of 
its  pnipertieti,  but  is  hanler  anil  h'HS  t«laHlii'.  It  la  4|nlle  limoliitde  in,  and 
impervious  to  water,  and  being  also  an  excellent  ebn'trle  luHulator,  is  ex- 
teusivuly  used  as  a  casing  for  Biibmaiine  tflo((rAph  win**.  By  dry  djatll- 
lation  it  yielibt  isopcnn,  caimtuluii,  niid  a  htwivy  oil  railed  hei'^ne,  probably 
polyniorio  with  tlif?(i<  lKHlii*M. 

BatjiiitHit  are  natural  mlxtrinw  of  renins  wilh  vnlalib*  oils.  Tbt'v  differ 
very  greatly  in  cimRiHtenc««,  sniuH  ludng  ipilti'  (tuid,  oIIhtji  solid  and  brittle. 
By  ke«>ping,  the  aoftcr  kinds  often  iMT«une  hanl.  UaUams  may  be  con- 
v«*nif*nt]y  divided  into  two  c1asAi«i4 — vis,,  lluMe  whieb,  like  emitnum  and 
Vfnirt^  tHrftentinr,  Cauiuin  ImiImuh,  Cofnufta  htU4Mm,  etc.,  Are  merely  natural 
TAniinhes,  or  solutions  of  resins  in  volatile  oils,  an<l  thoHo  which  contain 
benzoic  or  cinnamtu  acid  in  aildllion.  at  /Vrw  And  TiJu  htttMtiu,  and  the 
solid  resinous  teuzoinf  commonly  calleit  ijitm-hrn^iin  {p.  BIM), 


Oluooald«a 


This  name  I»  given  (oaclanaof  iNHlieH,  very  widely  diffused  in  the  vegeta- 
ble kingdom,  which  are  reHo|v»Hl  by  iNiiling  with  dilut4^  acids  or  alkalies,  or 
the  action  of  fermcntK,  into  gluitMeM  (mu«tly  dextrose),  and  some  other 
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IVr  »«  iWanlBM  aMlqgoM  fat  nitilwHw  to  tl 
ftlMMMoi  vhMi  BfVtlMlut  ttliUiMd  by  lieatiBs  ^neoM  vitk  ovSKA^j 
(>.  <34)  ;  no**  of  tlivsi  lwr«.  Iiij>««««r,  hmaa  fonned  jutifloUIl/. 
Wvtag  4M  Um  »«Bt  important  .^^ 


JBmvUb,  CqB^O^  fa  a  crTiAatUae  JuiWMil  soWUaea  «liUiMd  Erom 
lb«  Iwrk  vt  iW  bn«i*  rtwiniu  and  otiwr  l»Ma  of  l^  genera  .^Eaaitm  ami 
^jMs.  h  hM4  biUcvtMla,  is  aUghU/ aolnUe  n  water  and  alcohol.  Ban 
iap|«U«  ia  th«  aaaa*  Uqai4s  at  Um  htrfUqg  beat,  nvarlj  UMolaUe  ta  ctlicr. 
|t  U  mlnrad  r««l  bj  rklMriika.  B/  boUiag  wilh  kydrocUoric  ov  dilaU-  sul 
ykarU  aei4,  ll  iA  tmnArtd  inlo  ^uoaae  and  a  faiUc*  cr;-ftialUae  iutwhyiaa 
■aUvdatcaUtU,  (W>«: 

C^H»0„    +    3H/>    —    3CHuO,    +    C,a^4. 

THe  ^awM  aolatien  of  iffnlin  is  1tt];hljr  flnorwacffnt,  th«  refi«cled  Upbt 
~  _  «l  a  ikx-Mav  eolar.  5eari/  th«  aaaw  floareoovDi  tint  u  exhlbjud 
^^aa  NIbafanaf  bocM-ektatnat  baric.  TIm  aolar  of  ibe  lact*fr  is.  boa* 
'•r«r,  ftl%liU/  inn^iiwl  bf  lb*  preacmoe  of  another  soWtancn.  pari  is, 
vhMi  ezhilHta  a  Uno^recn  flaarcaeence ;  it  majr  be  aeparaied  from  anea- 
bx  iu  grmalkmr  oolabilitjr  la  vth«r.  ,£ocaliii  and  pariin  appoar  to  cxuit 
btf  is  Iho  bvfci  of  all  opodes  of  .£«eWM  and  fhtim,  ■wwllii  fariif 
^*^— '"■*  te  Uw  fiannof ,  and  pariin  in  tb«  laner. 

Amj^^mSHm,  C^!LrNO|.,  u  aer7BtaUin«  bodr  existing  hi  b)tt«r  almonds,, 
th«  ieawa  of  ^hcrrj-laarvl  (CVrosac  /;^>.<>>.-.-.-"»>«),  aju|  nuuiy  other  pUntri 
V-hkb  by  distiUaiioa  rielj  brdrocTan  .  hitU-r-almoDd  oil.  C,UgU. 

prvpan  il,  tb«  abnoods,  prvTioa:^i,v  m  fixed  oU  hj  preasoiw, 

I  exhaaated  wiih  boiling  alcohol,  and  tiie  cmicentrated  Bolntiun  is  mixed 
ilh  ether. 

Aagrgdalin  efjitilHiw  ftwa  alodbol  la  whita  shining  laadnv,  has  a 
iltar  laata,  diasolres  easily  in  water  and  in  hot  alcobul ;  fnxn  water  H 
tUaaa  in  prieau  eoetaaaing  3H,0. 

bailing  with  dilate  acids,  and  bjr  contact  with  water  and  emnUia 
synaptase,  a  braent  contained  in  bitt«r  almonds,  amjgdalin  is  re- 
aelred  into  bitter  ataood  oU,  glocoee,  and  h/drocyanid  acid  : 

c»H„?rOu   +   M1.0  ==   c,n,o   +   oh   +   3c,n„o^. 

When  amrgdalin  is  boU«d  with  alkalis,  its  nitrogen  ts  separat#d  m 
nottta,  and  amygdalie  arid,  (^H^O,.,  is  formmi,  which  by  boU- 
with  dilute  s«kla  is  resolred  into  mandelie  acid  and  glua^e. 


C|tHa^,  from  the  learea  of  the  bsar-herry  (Arlmtma  aw  arn). 
lisBS  in  slender  noddies,  haring  a  bittfv  tastr,  and  dtssolring  easily 
Vrf.  and  *-tber.     By  boiling  with  dilate  acids  it  is  Molred 
tto  glaoose  and  hydroquiuune  : 


ilegl 


in  strong  nitrio  acid,  forming  C,aHM(2ffO,)^,  which  spU» 
and  dinitrobydroqninone. 


i 
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Chltln,  C^H^jN'O,,  is  the  tabatanoe  which  forms  the  elytra  and  ii 
mrnu  uf  ins«vts.  and  the  earapaees  of  emstaeeanA.     It  is  best  pr«| 
boiling  the  wing-caseaof  eoekehafers  with  water,  aloobol,  ether,  acetfr' 
ad  alkaliea  in  sneeeeaieik,  aa  long  as  anything  is  dissolrt^  oat  by 
Aosording  to  Siadeler.  it  is  reaolred  by  biMliug  with  dilate  ftcids 
glaeoae  and  laetamide.  C,nt50, : 


i 
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Coaiferla,  C'l^Hj^O,,  occun  in  the  cambial  juicy  nf  cnnif<pmii9  pUnu, 
ari'l    :iip.irntfA    tlKirefrom  on  onn<M'T)tration    in  fltollAto    griMi|>«  i>f  iHiinUfl 

>  neotllefl^  having  a  satinj  lu!)tn%  ami  containing  'illjO,  which  thor  \n»o  hy 
ei9orest<«*iioe.  By  boiling  with  »liliiti'  aoiilA  it  is  ri^At^lvrnl  lnr»»  ih>xtn)a« 
and   a   r*«in ;    in    oontact  with  Miniilitin,  inlo  <l(<xir«MM  hihI    I'uniroryl 

.       a1  cohol .     Bji*  oxidatiuu  M'ith  chrumic  aoid  luixturv  it  yioMa   vanillin 

^^^  CoDVolvuUzi.  ^3,11^00,4,  in  obtained  from  jnlnp  root  (ComrotwluM  $cAi*' 

^^■piMus;  \ty  extructiun  with  nlL-ohnl.      it  is  a  gummy  niiuut  having  a  strung 

^P^urgativt)   action;   disbkilvHS   in   nlkaUea   as  (lunvulvuliv   Ot'id,  l!3,it||0,,  j 

'        rtM4>]vu<l  by  acidtt  and  l>y  umulsin  iutudvxtrust*  and  i^Mivolvnlinoj,  t!mllH^^y« 

which  is  oourortM  by  allculiufl  into  oonvolvulinolin  acid,  CijH^iU^.     Thia 

latter  is  a  niunuba«io  acid,  which  is  uxidixtnl  by  uitrio  acid  to    ipoiuaia 

acid,  (-,^11,^0^  ^  *'B*'ni(*-**j'U3<  ijt'MiuTi*:  with  sobat-io  arid  (|t.  7*>-). 

I  •Ai/fj/i/NH,  Ci.HjcO,!,   from  iho   nxd  of  f  \inntiv\titu  vrttatirnM*,  chidoly    ro- 

■«iubltM  mmvuivuliu,  and  yiulds  aualoguuH  produuls  of  dtHHiiujKMiliuu. 

OlycyTThlxln,  C„TIj,0, ;  Liffwi-iiv-tHrfar. — TIhi  root  of  tho  common  llquo- 
ricv  yiidilH  n  inr-^a  quantity  uf  n  peculiar  8Wi'<>t  Au[r.fluiU!i>,  which  iti  mdublo 
ill  wiLtcr,  Imt  dm(A  mil  (:ry»tftlliiiti  :  it  (^nnnntlH'  m.ido  lo  formotit.  (Ilycyr- 
rhizm  fornm  difflciiltly  aolubhi  comiM>undit  with  ncida  ;  il  iw  prccipitntod 
from  its  ifolnliun  by  Ifml,  cnhtinni,  nw\  Imn'uni  snItK,  thf  privjipitali*  cou' 
■tating  of  glycyrrhixin  in  combination  with  thf  Im-sc  Wltrn  IwjiliMl  with 
dilute  adds,  it  Hplituiuto  a  rtminuus  btxly  cnllud  glyuorrotin,  (*ih''«^V 
and  gluousu : 

C„H»0,    +     H,0    «    C„H^O,    +     C.H„0.. 


Myronlo  Aoid,  *^i«H,^S,0,„,  nn  acid  existing  nn  a  imtajdium  salt  In 
iht«  s<'t<d  i>r  Idack  mustard,  is  rt^AoIvcd  by  thu  action  of  mynwri,  an  all>niii]n- 
ons  furnu'nl  lik<'wiHi<  cuiitnin>jd  in  th«  h<'m>U,  into  vulalitc  oil  uf  mustard 
(allyl  sulpliiK'yanattt),  gluL^usc,  and  Kiilphuric  acid  : 

C„H„KNS,0,„    =    C,H,,CNS     +     (Vli,0,    +     SO.UK  . 

Fhlorisln,  CgH^,0K,.21I,0,  is  a  substanue  bxarlnf;  a  great  lik»nraa  to 

salicin,  tVtund  in  tliK  rout-bark  of  tlic  apple  and  elu*rry  tro-,  nml  oxtrnctcd 
by  lioiling  nhf^liot.  It  foritut  fini',  cfdorlrsM,  ttilky  m^'tlhiH,  Holiiblit  in  lOtUi 
partii  of  culd  water,  but  fruuly  disaulvLnl  by  ttint  liquid  whoii  hut;  il  also 
disaoWtffi  easily  in  nlctdioK  Dilnt**  nrid^  ironvfrt  )>hlorlKtn  into  gluoo«« 
and  a  orystallizabln  sw«M*t  snbHiantto  cnllcd    p  h  I  o  r  c  t  i  n  : 

Phlorizin,  fuswd  with  potash,  yliddfl  phltirt-lin  a  <*  1  d ,  C,H,pO„  » 
bt?autifu11y  crystaUin<>  acid,  homologous  with  salioyllr  and  anlxio  atiids, 
logfthcr  witli  phlurogludn,  Cfll«<V 

Qneroitiln  is  a  cry«t«lliKable  yellow  coloring  matUT  ncciirrln>?  in  quer- 
citron Vifirk,  th«  bark  of  Qurrrtm  infri'toriii,  wliiuioo  it  in  KXtrnrttHl  i»y  lioil- 
ing  with  water,  ItM  (MMii|Misi1ii'ii  hnn  U-.-n  vnrifiUMly  tilat**f]  ;  indriMl,  il  is 
by  no  means  oertain  that  the  so-cnIhMl  i|ncrcitrinn  4*xnniini'<t  by  diltcrcnt 
ohemista  were  really  Idtmtlral  subfilani^it.  Aeonrdtng  to  HlaMiwetx  and 
PfaundbT,  it  mntains  C^xillkit^f.  and  m  nwolvittl  by  iN>lling  wilh  diluto 
acids  into  anothi^r  yellow  cryHtallinti  Uxly  call'Ml   qui*reelin,  and  iso- 

loiUs  (p.  619): 


una 


Querelirlo. 


C4ui<r«»Mn. 


f'„H,.0, 


Isodulol 


\m 


/I 

A") 
It 


'  --—-.ral  uUkrr 

■i|«*r, 

bwi  lexii  }>y  a  6tri*aiu  «r  nl- 
te  Bmlioin   cryfitjkUit««  oat  on 
charuu&l  and  ncxpAtX- 


having  an  Inlc-nitrly  bilt/r 
-  :ii  had  dcounijt<i«itf  hy  heal,  bon- 
^^  A^^oklu**  of  rli.invial.  J(  U  •olulik 
«MMih  vmalU'r  quantity  wlien  br.iU^ 
P«H&.  WIh^d  dUtillol  with  a  mixtutt 
•■nr  adil,  K  /ields  aalicyUI  and 


.^rala 


«r  rmaptase  of  ftveet  almo] 
C,H,0,  (p.  e*4). 


-   QHtA   +    c,H.o,. 


m 

(>D4a, 

I 


ili€in  prodncts  which  are  dfcntn] 
»altcin    iUtrlf.  yielding   chlurt 
t\H^|CI,0,.      Dilutv  niihc  acid i 
nm^mnufi  mXxic  acid,  at  a  high  t4^p«raliu«, 
^jli^  9  produced. 

rrtombling  salldD  in  appearaiiM*  and 

it  Uste.     It  is  round  accoiupanjriiig 

41  Uia  aspi'n.     It  ha*  thi'  crfiDpc»Hiaa  of 

when  heatiH)  with   dilute  acids,  is 

1^  products  of  dt'coniposition  of  aalicin, 


c,H,o,   +    c,n.o    +    C.H„0. 

flvlphuric  add,  popalin  yields  a 

^OTVtaUine,  slightly  bittrr  sahstanoe, 
i^  ttilric  acid  uimui  salicin : 

%   — ^'i  fr«<riy  snlahle  in  boiling  water,  and  is^ 
or  of  aoida  or  allcaliei  at  thr  hoi"' 


I 


ItfO- 


•Ji^(C,H,0)0-,  prodnced   by  tb«   action^ 
^b^  ■>  rasolred  in  like  mann«r  into  bei' 


Ui 


: 
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Bitter  Prlnoiplesof    Planti. 


These  irw  iimitral  ImkUi*  of  »4)mewl»at  indyOuilu  chpiuical  cliaracter, 
wliich  cttiuiol  at  pruspul  he  includwi  iu  auj  of  the  prw,-«^iiug  groui*. 

Aloiu  U  »  conatitucnl  of  alotra,  lUt*  inspissaled  jaioe  of  variuus  species 
of  iiloe,  and  ia  exiracted  by  tr«atiiig  the  aloes  with  water.  It  is  cftsil/ 
solublo'  in  warm  water  and  slouhol,  aud  crystalliaes  iu  slender  ut>edlt.«. 
It  is  very  bitter  aud  strongly  purgative, 

Aloin  frnin  Barbadoea  aloes  has  the  oompoallion  Cj,H„0^ ;  thai  from 
Natal  aloos  is  C,,n^O,,  =  2L\,U,.0,  +  U^J.  The  foru.er  (bnrbaloin) 
heated  with  nitno  acid  yields  aluftio  acid,  C^H/NfVjU,,  togelhur  with 
oxalic,  pic.rii!,  aud  ohryaauimio  aeida  ;  the  laUer  (naUloiu)  yields  piorio 
aud  oxalic  aoiils,  but  no  cLrysammic  acid. 

Athamantin,  C^Hj^O,,  obtained  from  the  noia  of  Athamanta  Orw^ 
sfiinum  by  rxtratition  with  other,  crystalliies  from  aloi>hnl  aud  ether  in 
Blunder  ni'iedles  raeltinf;  at  70^^  C.(174.20  K.).  By  Ixiilingwith  hydroohlorio 
acid  it  is  resolved  into >alerio  acid  and   oreoselone,  C'nU«|Oj  : 

C«H,oOt    =     SCgUj^O,     4-     C„H„0,  . 

Br  TarLher  boiling  with  dilute  hydrochloric  acid,  oreoselone  is  converted 
iuto  oreoseliu,  Ci4Hij04. 

Cantharidin,  C^HgO,,  is  thn  vesiwaling  principle  of  Spanish  flf»« 
and  gomt*  other  insects,  and  may  lie  extraeted  with  ether.  It  crystallixes 
ill  four-sided  pri<tins  or  laiutnie,  dis,iiolves  in  hot  aloohnl  and  ether,  melts 
at  25ftO  C.  (4»i20  F.),  and  i^iiblimea  at  a  lower  temperature.  Heatt*d  with 
alkalies  it  diiisolveM,  rnrmiiig  snlts  of  nnnlharidic  acid,  e.  y.,  C^H^KO,, 
from  which  acids  reprectpitato  cantharidin. 

Carotin,  C,|Hj,0,  a  Rubstanoo  dopoflit**d  in  small  crystals  in  the  cells 
of  the  red  carrot,  crystallizes  from  alcohol  in  red-brown  rub4*s  melting  at 
\6S=>  C.  (334.40  F.). 

Peucedauin.  C^jH^O,.  from  the  roots  of  Pnicwianum  oJHcinnU,  crystal- 
lizes from  alcohol  in  Nhinin^  prisma  mflling  at  VrtO  V,  (1*17°  K.).  Boiled 
with  alcohoUo  potash  it  is  resolved  into  angelic  acid  and  oreoselin. 

Picrotoxin,  C,,H„Og,  is  extracted  by  alcohol  from  eoccnluH  grains 
(the  seeils  of  MmUfyfrmam  Cnccutus);  crystallizes  in  slender  nmotllus  ;  very 
bitter  and  poisonous. 

Santonin,  C,^H,,0,,  is  the  active  principle  of  wormswwi  (from  ^rfe- 
nnffiVi  santonica),  fmm  which  it  may  he>  extracted  by  boiling  with  milk  of 
lime  and  precipitation  by  hydrochloric  acid.  It  crystallises  from  hot 
alcoho!  in  shining  prisms  melting  at  I70O  C.  (338°  F.);  diseolvwi  in  alka- 
lies, furming  salts  of  Bautonluio  acid,  Ci^lljaO^. 


Oolorlns  Matters 

Tlio  most  important  coloring  matt*-™  of  vi-getable  origin,  vl«.,  the  Indigo 
and  madder  dyea,  have  already  l>een  dt'ScrilKnl. 


^raxilin,  r,,Hu,0^,  tlie  eoloriiiz  inatt«r of  Braxil  woM,  cryfttalllica  in 
jatl  yellow   prisms,  which  dissolve   in  alcohijl  with  reddibh-yellow,  in 
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Ihon  hxilro<iiimone.  Strong  nitric  acid  converts  it  into  trinitroreaorcin, 
»od,  on  theotlivr  hauj,  tMSorcin  hefttod  wilL  oxalic  and  sulphuric  acid 
appears  to  jield  euxanihimi?.  ' 

Hcmatoxjrlia,  C„H„0,,  the  coloring  matter  of  logwood,  orvstaUizes 
with  3  mol.  U,0  in  pale-yellow  prisma  ;  has  a  BWwlish  taste  ;  'dissulvcs 
easily  in  water,  alcohol,  and  «th.?r,  forming  dexiro-roUtory  8oluiion« 
With  ucrt^i  rJdoriiit,  it  runaa  C*„HB(C,H,0),()g. 

My  exp«»sure  to  iht-  air  in  ammuuiacal  solution,  it  U  eonvertod  into  he- 
raatein-ammouia,  C„H„(MI,)0„  which,  on  spontaneous  evapora- 
tiun,  IS  di^p«*il#d  in  dark  violet  urystaU.  Ac«tic  acid  adde<l  to  the  solutinu 
throws  down  Uemateiu,  C„H„(\,  aa  a  rwl-brown  precipitate,  bai-tn«  a 
mutaltiu  ln^t^o  when  dry,  an<l  dissolving  in  alkalit^  with  a  tint>  vinlot-Mue 
color.  Sulphurous  atid  and  other  rt^lucing  at'euta  reconv.-rt  hfnmtein 
into  hematoxylin.    The  latter,  fuaed  with  potaah,  yields  pyiogallol. 


I        TOs  t 


Alkaloids 


tp-rm  is  sometimes  nsed  as  a  general  name  for  organic  bases,  but  It 
U  more  especially  applied  to  tluwo  which  occur  ready  formed  in  the  liodies 
of  plants  and  animals,  and  those  which  are  produced  by  the  destmctivif 
distillation  of  complex  or^janic  Ix)dies.  All  theae  bases,  like  the  aminea 
already  described,  are  derivatives  of  ammonia,  but  Iheir  moWular  struo- 
ture  is  for  the  moat  part  unknown.  Those  which  an*  free  frnui  oxvgcn  are 
volatile ;  tho»o  which  coota.in  that  element  are  decomposed  by  distiiiatioa. 


XOS-OXTSIXBD  TOLATtLB  BA8B8. 


Pyridine  Bases,  C^H^g-^N. — Tlieee  basos,  metameric  with  aniline  and 
its  hoiimlM^iur!*,  are  cnntain4><]  in  ci«al-tar  naphtha,  and  in  the  volatile  oil 
called  Dippcl'a  oil  (Offum  aniiwilr.  hinp^Hi),  olitainoil  by  the  distillation  of 
bones  and  other  animal  matters.     They  are  all  liquid  at  ordinary  lempu- 


ratures,  and  rt'act  as 
points  arc  as  follows  :- 


tertiary  monamines.     Their  formalie  and  boiling 


Pyridine, 

Picoline, 
Luti'line, 
ColUdiuo, 


C.U„N, 


%.  r. 
IIT-" 
1330 
IMO 


Parvolin*, 

Coridine, 
Kubidine, 
Viridino, 


C.,H„N. 
C„U„N, 


2110 
2f.lo 


7^*^'"'^"^'^  ^  ^  formed  artifioially  by  beating  amyl  nitrate  with 
phosphoric  oxide  :  CjHuNO,  — 3H,0  =  C^H^N.  When  heateil  with  sodium 
it  is  coHTfrted  into  dipyridino.  C|on,.N„  a  orysUlUne  bode  which  melts  at 
108O  c*  (22(1.4^  F.)i  ^^  sublimes  at  higher  temperatures  in  needle-shaped 
crystals. 

PleoJirif  (metameric  with  aniline),  first  obtained  Ity  Anderson  from  coal- 
tar  naphtha,  is  a  mobile  liq^uid,  having  a  strong,  persistent  odor,  and  acrid, 
hitter  tRslo :  sp.  pr.  0.995.  It  r.-maina  liquid  at — \&^  C.  (0.4O  P.),  and 
Tolatilires  quickly  in  the  air.  It  is  strongly  alkaline  to  test-paper,  mixes 
with  wattT  in  all  proportions,  and  forms  crystallixable  salts. 

DippeL'soil  likiiwiae  ooutains  methylomiue  andavveral  of  tu  homologues. 


4 


^ChinoUae  Bases,  C.H|...^N. — Three  bases  of  this  series,  via.  : 
ChtooUae.  T>plOine. 


Oryptl<l\i,e. 
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arrt  prihluoivl  liy  tliftiitlAtion  of  qainine,  oinchoiilne,  and  aff*wMhrr  natui 

alk»lMi\|ii,  wilh  pf.ilju>!«i(iin  by<lroxMe:  and  otberbn---'  '-^ ri,-  with  tin 

rU.,  U\u-»4it%f,  l^iHjN,  tridtUiHt^\\^\\^'S,  etc.,  arc  coiii  -.tl-tnr  nj 

tha,  and  dbti)  uver  aRnr  tliu  pyridine   bast's)  (al-         -'        v..  Vy^P 
T\\ny  ar**  uily  liquids  iiiwiluMc   in  water,  va«ii1,v  Holuble  xu    Mfoltol 
ellixr.     Ttu*y  are  ti*rliary  atuiutM,  yioMiug  amtuoniuiu-ba»{»  whun  trt-j 
with  (*lhyl  iodidv  aud  tdlvur  oxide.     Thait  italtii  are  cryataUlue,  and 
•olubtc. 

CMii«oUn<j,  CjH^N,  is  a  mobUe,  strougly  refracting  liquid,  boiling 
'JfKf^  C.  (4<>Li.40  v.),  aud  Laving  a  Hp.  gr.  of  l.Ubl  at  UO.  Huati^d  « 
'mb>I  -o.il. I.v  it  tkiriuA  Ibe  coinx>oiiiid  (t'tH,)(C.U,.)Nl,  n-liich  is  cx)ni:i<i 
b;  •  .th  (Hitaiib  into  cynuine,  t'^Il^NI,  a  Ane  bliiv  dye-st 

tol>  .itix*«  in  grfttn  metallically  liistmus  platus,  and  dis^olv*^  \ 

iu  alouhul,     A  aituilar  bluo  culur  ia  obtained  vrith.  k']iidijic» 

of  the  two  Uaj  btMin  used  for  dyeing  iiilk. 

*  C,fUN,  from  coal-Ur  oil,  boib  ftl  aboat  220O  C.  (428^  p.), 
not  yivld  craninrt. 

..  from  cincUoninc,  bi«U  at  2»i«<X^70O  C  (510.80-5180  p.)  ; 
baae  frutu  cual-lar  uil  boils  at  252CX-2570  C.  (46S.6C>-4d4.tP  F. 


Conine,  (',11, ^N,  U  contained  in  h«mlook  (f7<Mii'wn  miimiafiiiai), 
in  ihH  jiet'iU,  nntl  ia  ublained  tberufrotu  by  diBliUnliitn  with  potasli-iyo. 
ia  a  ctOurlwB  oily  liquid,  having  a  pnn;;i.*nt,  Btiip«-fying  odor,  and  is  vi 
poisnnuu*.     Sp.  %x.  U.8H.     Jloiling  puinl  Itib^  C.  (;iiM.4'^  P.).     It  diBW)^ 
easily  in  alimhol  and  ethttr,  sparingly  in  watiT,  and  fnmi»  cry«t-allinr  <b 
quvscent  laltx,  which,  liku  the  basv  itself,  tnm  brown  iu  contact  with 
air.     With  oxidiaing  agimtA  conine  yields  butyric  acid. 

Ctininu  is  a  iiooandary  monaiulne.     Treated  with  ethyl  iodidu  it  y'u 
Ruocosiivcdy   two   iotline-compoands — namely,    C,H,j(C,Ili)NI    aud 
CaUuCCjIlJiNI.     The  latt^^r  is  converted  by  silver  oxide  into 
bftMi. 

AmKOHiie,  isomeric  with  conine,  \»  formed  artificiAUy  by  beating  normal 
botjrrifi  aldohyde,  C,HgO,  with  alcoholic  ammonia — wh«reby  tWmryialdii 

t obtained,  having  the  composition  C,H„NO[=  SC'^H^O -l-NU, — H,0] 
d»ubjecting  this  baae  to  dry  dislillahon  :  CjlI„Nl) — U,0  lar^njj]' 
la  a  violent  pnition,  acting  in  the  same  manner  aa  the  natural  ba8«. 
it  i«  1ms  solnblo  in  water,  more  expanHible  by  heat,  and  exbibila  souiewl 
different  reactions  with  hydrochloric  acid,  silver  nitrate,  and  gold  ohlori 
With  ethyl  ii^ii>ie  it  forms.  Ihn   ioilide  of  an  animnniuui-luise,  wuvertil 
by  silver  oxidt  into  a  strongly  alkaline,  bitter  syrupy  liquid  :  hence  it 
a  tertiary  mnnniiiine. 

CloseW  allied  to  Conine  Is  conhjtlrtHf,  C^H„NO,  a  cryBUlline  baaa,  *x- 
trafted  from  hemlock  llnwerB.  When  diatilled  with  anhydroua  plioaphorio 
acid,  it  splits  into  oonine  and  one  uoleoulu  of  water. 

Nicotine,  C,5H„N,.  exlBts  in  Ihe  nt^n  and  learm  of  varinns  kinds 
toKitiM,  from  which  it  nmy  In*  oMnined  by  extraction  with  dilute  sulphr^ 
tkCi*i^  and  distillatimi  "f  the  (Concentrated  extract  with  jMUnsli-lye.     It 
ooiorb«9  oil.  baring  a  density  of  1.04-S,  liniling  with  partial  dectiraposil 
at  2r)0O  C.  (4B20  F.),  withnnt  dwiompoflltion  in  a  stream  of  hydrogen 
15*10-2000  C.  (3020L-392O  F.)-     It  turns  brown  in  the  air,  hart  a  very 
pefring  odor,  and  is  verv  poisonous.     It  is  a  nionoacid  base,  fonulni^ 
soluble  salts,  which  crvalftliiae  with  difficulty. 

A  mixture  of  nluotine  with  methyl  or  ethyl  iodide  solidiilea  after  a  si 


■^ 
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I 


IB  vrjTHtalliuo mass,  containing  C,^Hi,(C'Uj),N,l,,  or  C'ioH,/C,U^,N,l„ 

ibli>  by  Kilvcr  oxidu  into  !u)liibU*  Im-Hus. 
U/  fuming  uitriu  acid  or  chromic  acid  mixture  nicotino  ia  oxidized  to 
{(.'Otic  acid,   ^'jqH^N,0,,  wliicli,  when  distilled  uilh  liiau,  yieldii  pyri- 
din«>,  and  wht'u  ht^ated  with  brominc-waUtr  to  12(P  C.  i'24bO  K.)  in  resolved 
iJto  broiuufuriu,  carbon  dioxide,  uitruguu,  and  pyridluu. 

'Sparteine,  (^i^Hj^X.,  occurs  in  the  common  broom  (_Spartium  »coparium), 
and  i.t  oI'IiuuimI  theri'froui  hy  extraction  witli  dilute  Hulpliuric  acid  and 
diHlillatiDn  with  i>oladb.  It  i<t  a  eoIorh':»»  liquid.  lH>ilin^  at  22^*^  t.\  (442.^^ 
y.)  ;  disaolvL's  eparin^iEly  in  water,  has  a  bitter  tatite,  and  acttf  as  a  uar- 
ootio.  It  is  strongljr  alkaline,  and  haa  the  oonalitution  of  a  biacid  tertiary 
amino. 


orrnB^rizBD  babbb. 


1.     Baae$  related  to   the   (/reiJe».—~DerivatipeM  of  Guani^ 
dine. 

The   following  compounds   are  derived  from  ^anidine  Cn^Ng^ 
HNC^(NHj),  (p.  64D>,  by  the  substitution  of  acid  radid«ii  for  an  atom  of 
hydrogen. 

Olycocyamine   ur   Ouanldacetyllo  Aoid,  C,H,NaO^  is   formed  on 
mixing  Uiv  a<|ueiiuti  solutiouM  of  glycooiuc  and  cyananlido  (p.  54S)  : 

HN=C=NII  +  U3C(Nn,)(C0,H)    =  UNZ:C(NH0CNH.CUrCO,H); 
Oraoaailde.  QlTcoel&e.  Olyoooyamlot. 


I 


4nd  separates  in  granular  crysiala,  soluble  in  120  porta  of  cold  water, 
euily  soluble  in  hnt  water,  iiittolulile  in  aU-«>hol  and  ether,  ll  nnitea  with 
baiefl,  forming  (.'ryrttalliuo  oompoundA.  lloilod  with  walt*r  and  lead-oxide, 
or  with  dilute  faulphurlc  acid,  it  [a  resolved  into  guanidine,  oxalic  acid  and 
carboiiit'  acid. 

Olycocyamldlne  or  Qlyoolylguanldine,  CjH^NjO,  related  in  gljco- 

oyamiiio  in  the  »aiue  miinner  an  liyiluntoin  to  hyd&ntoie  acid  <p.  802),  la 
formed,  a»  a  hvdroehlortde,  by  heating  the  hydrochloride  of  glycocyamlne 
|ol6(f>C.  (a2(PF.): 

«„  ^NH— CO 

HNriC*:^*,"'     „„ =  HN-X-cT  I       4-  H,0 


<NiT-CH.^o,H  =  ^^"^<^-„J.n/ 


OlycDcynmloe. 


Olycocj-amltltne. 


The  free  base  oryRtalliz«tfi  in  dctiqneBCont  Umlnie,  havin^r  nn  alkaline  re- 
artion.     Its  hydroohloridu  gives  a  precipitate  with  platinic  chloride. 

Creatine,  C^H^NiO,,  Mnh^lttl^oeyaiuint^  oceurs  in  the  animal  organtam, 
esp(!C'inlly  in  fleah  .tnloe,  and  is  form (m1  artificially,  like  glyoocyaminn,  by 
the  union  of  cyanamide  with  methyl-glycocine  (sarDoaine,  p.  779)  : 


h 


-NH. 


,^NH        Nii.cn,  ..„ 


It  mar  be  prepftreM  by  mncerntintr  flnHly-rhopped  meftt  In  cold  water.  Ijoll* 
ing  the  extrrut  Ir)  i'ott;(iilute  nlhumin,  pn'cipitnttng  tho  phirHphnrie  at  id 
from  the  fihrate  by  baryta-watrr,  and  evaporating  to  the  cryHtallhm 
point. 
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CreAlino  crvBtaHiiea  in  Bhining  prisnw  coninininff  1  mol.  H/) 
thov  givu  ufT  at  lUli^.     It  \n  ueuUAl,  slightly  bitter^  moderat>*ljr  «a] 
boiiing  wal«r,  very  sparingly  ia  alouhol ;  fonas  cryntalUne  salu 
on»^  miuivalent  of  afi<l. 

Cn*atiiie  beatod  with   acids  is  wnverte<i,  by   abBtraotion    of  H/1 
creatinine  {in/ra)»     By  boiling  with  water  it  in  resoit-ed  iuto  luv* 
cosine : 

1^0  »  CO(NHo,  4-   I 

methyl-bydantolin  being  alao  formwl,  and  ammonia  gireii  off, 
meriiurie  oxide,  it  ySelda  luethylguaniJine  and  oxalic  acid. 

Creatinine,  (\H,N-0,  Afethjfltjlifcoctfamidmr,  u  an  almost  contitao 
slitiiont  uf  urine  (0.25  iwr  wut.).  *"'*  «  fonii**d  from  crvaCiue  by  4 
rating  the  nqm<ous  snlution  of  the  latter,  especially  in  pre»once  of 
It  eryataUiz»i  in  rhombic  prising,  much  more  soluble  in  walvr  and  a! 
than  creatine;  expeU  aiunionia  from  itH  salts  ;  and  fc>rius  well-prystaj 
Balt«  with  acidB.  It  uiiitea  also  with  cerlain  salts,  foruiiug,  for  rxai 
the  compound  (CJI^NjOj^nt'l,.,  whicli  is  preiipiUled  by  ainc  ohiurid^ 
solutions  of  ortialiniue  as  a  sparingly  soluble  rryHtolline  }»owdctr. 

Oealininti  is  reconverted  into  creatine  by  the  action  of  bases,  aud 
solved  by  boiling  with  baryta  into  ammonia  and  methyl-hydantoTn— 

-CO  ^NH ca 


HNTC 


<Nn CO  ^ 

I       4-  U,0  =  NH,  +  CO<f 


2f(Cn,)— ^H 


N(CH^— CI 


By  boiling  with  mercario  oxide  it  ii  revolved,  likM  creatine,  Into 
guauldine  and  oxalic  aoid. 


Nearly  rMaU^  to  thA  nrt^ldea  ar«  also  the  1>a8<»  gnanine,  sai 
thine,  and  carnintt,  whieh,  like  urea,  occur  in   the  animal   orgutibi 
prodiiets  of  the  oxidation  of  the  tisauea — and  Iho  two  rt^gt-table 
theobromine  and  caffeine.    The  oonBtitution  of  these  bafies  ia  not  yet 
lirihed,  but  their  relation  to  the  ureidea  is  shown  by  tttelr  prodi 
decouipoiDilion. 

Guanine,  C^IIjN^O,  was  flnt  obtained  from  gnano;  It  h 
provt-d  to  exist  ill  the  pancreatic  Juice  uf  mniiiinalia,  and  in  the  (^xcrrif 
of  the  spider.  To  prepare  it,  guano  Is  bi^ileil  with  water  an<l  calcium 
drate  until  a  [tortion  of  the  liquid,  when  liM*<red,  apjwarH  but  sligl 
colored:  the  whole  ia  theu  filtered,  and  the  filtrate  satnratod  with 
acid,  whereby  the  guanine  is  precipitated,  mixeil  with  uric  acid. 
purified  by  solution  in  hydrochloric  aoid  and  precipitation  by  amroonl 

Guanine  is  a  colorless,  crystalline  powder,  insoluble  in  water,  alool 
ether,  and  ammonia,  soluble  in  acids  and  solution  of  potash.  It  o 
with  aciibi  forming  crvstnllizalile  salts,  r.^.,  CjHjN^O.llCI  -f*  ^ 
a^ftHjNjO.H^SO,  4.  2  Aq.';  SCjH^NiO.SCjH.O, ;  nlw*  with  metallic  bas«a 
salts,  e.  ^..  rjHjN.O.NaHi)  4-  2  Aq. ;  CjHjNjO.AgNO,.  Byoxidation  1 
liydrrKhloric  acid  and  potassium  chlorate,  it  is  oonrerted  Into  amixtun 
guauidiiH*  and  parabauic  ouid  (799). 

Xanthine,  C^H^N^O^  is  found  in  small  quantity  in  numy  animal  s« 
tiuu.i,  as  ill  urino  and  blood,  in  the  liver,  and  in  certain  urinary  calci 
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it  is  fonnt*rl  Artificially  by  the  action  of  nitmas  acid  upon  gnonine,  and 
of  »odiuiii  amftliraii]  on  uric  acid.  It  is  a  wliito  amnrphoua  ma«a,  some- 
what  tiolubl*!  in  boiling  wattT,  and  nniting  buth  with  aoida  and  with  bases. 
ItdissulvL'S  KOflily  lu  builiug  aqueoos  juumonia,  and  ailvur-nitrate  added 
to  the  solution  throws  down  the  compound  C^HjAgjN^Oj-f- U,*J'  This 
eompound  treated  with  muthyl  iodide  yitdils  a  body  isouvriu  wUli  theo- 
brouiiue ; 


CjH^gjN.O,     +     2CH,1 


:i.\gi   + 


Sarclne  or  Hypozanthlne,  C^H^N^O,  almost  alwaya  accompanies  xan- 
thine in  iht*  auiuuit  organiriiu  ;  and  is  distinguished  from  xaiilhiut*  i^jh*- 
cially  by  the  sparing  solubility  of  itH  bydrorhloridtf.  It  forms  needles 
slightly  soluble  in  water,  more  Boluble  in  acids  and  alkali4*s.  From  it« 
animnniacal  solution,  siiver-uitrate  throwa  down  th«  compound 
C4H,AgAO-i-H.O. 

CaxTiine.  C'^H^N^O,,  ocanrs  in  extract  of  meat.  It  ift  pnlTornlont,  modo- 
ratfly  iiolublu  iu  hot  water,  and  forms  a  crystaUlnd  hydroohloridt*. 

Theobromine,  C,H«N,0^  which  differs  in  composition  from  oamine 
by  only  1  atom  of  oxygon,  uccurs  in  cacao  beans,  the  stwda  of  Thc(A>rotn*t 
CaciMt  from  which  cocoa  and  oUo4Xtlat«  are  prepared.  To  extract  it.  tliu 
b4<ans  aru  boiled  with  water ;  tho  solution  \&  precipitated  with  Load  aee- 
tat**,  to  removt)  t^xtrantMfUS  niatttfrs  ;  th*>  flltrate  in  frctrd  from  lead  by 
hydrngt:<n  sulphidn,  an*!  evaporated  to  dryness  ;  and  tbu  rvslduv  is  treated 
with  alcohol,  which  extracts  the  theobromine. 

Theubroiiiine  is  a  white  crystalline  powder,  liaving  a  bitter  taste, 
alightly  sohibie  iu  water  and  in  alcohol,  moderately  soluble  in  aqueous 
Ammonia.  It  has  a  neutral  reaction,  but  unit*'B  with  avidtt,  fonniiig  crys- 
talline salts,  which  are  decomposed  by  water.  From  the  ammoniacul 
Bolation  alWer  nitrate  throws  down  the  compound  L\IJ,A^N,0„  which,  by 
heating  to  100^  with  methyl  iodide,  is  converted  into  methyl-lheubroiuinu, 
C,ll7(rHj)N,0„  or  theine. 

Thelne  or  Caffelne,C|H,,NtO„  Methyl-theotinmiine,  occurs  in  the  leaves 
and  seeihi  of  the  ((tffee  tree,  in  tea-leaves,  in  Paraguay  tea  (from  IUj:  fkua- 
ffUtijferutU} ,  and  in  guaraua,  the  drlud  pulp  of  the  fruit  of  Ihidlima  wrinlis, 
Theine  is  extracted  fri>m  th<*«H  Hulwtanci's  by  the  process  above  (IfHcrilH-d 
for  the  prepnrntioti  of  theobromine  :  it  crjtitallizes  on  cooling,  and  may  tie 
purified  by  means  of  animal  charcoal. 

Theine  furms  tufts  of  sillty  needles  containing  one  mol.  U,0,  slightly 
soluble  iu  oold  water  and  in  alcohol,  and  giving  off  their  water  of  crystal- 
lization at  10(P.  It  melts  at  22UO  c.  (437°  F.),  and  suMiniea  without 
decomposition  at  a  higher  temperature.  It  is  a  weak  bsHe,  motit  of  ita 
salts  being  decomposed  by  water.  The  anrochloride  and  platinrnihloride, 
however,  are  more  stable,  and  form  orange-yellow  crystals. 

Ry  the  action  of  chlorine  or  nitric  aoid.  theine  is  converted,  with  evo- 
lution of  methylamino  and  cyanogen  chloride,  into  amalic  acid, 
C,,H,,NjO„  whieh  has  the  composition  of  tet  rame  t  hy  I -aUo  x  an- 
tin,  <^'*(CH3)4N40^.  U  forms  sparingly  soluble  orystalB,  which  are 
colored  violet-blue  by  alkalies.  By  the  further  action  of  chlorine-water, 
theine  vielda   ch  ol  es  t  ro  p  hane  or  dimet  by  I  para  ban  ic  acid, 

(CHj),N/>,<p.  SOlt). 

Theine  boiled  with  baryta-water.  Is  renolved  into  CX>„  and  iheid  ino 
or  caffeidine,  CtII^NjO.  an  easily  soluble  strongly  basic  onmponnd, 
which  is  decomposed  by  prolonged  boiling  with  water  into  aarcosiue  and 

'  er  products. 
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2.    Opium  £o»«f. 

Opium,  the  lnRpt«aa(«d  Jaior  of  Uio  bftlf-Hpe  otpntlei  of  tbe 
{Ihpiivrr  mmmi/*rvM),  ia  a  vur/  complex  suhtttaiicc,  cuiitjitaing  & 
number  of  h^wv*  i»mbin*^  with  sulpiiuric  and  UMOouk  ocitL     Tli« 
known  of  thrHfi  boot's  are: 


MorphiiH-s' 
('(hi o  I  no, 
Thitbuina^ 


C„H,.NO, 
t\,H„NO, 


FaparerixM, 

Narcotine, 

Karoeiott, 


:»_« 


Of  llifwo.  ninqihinif  aitil   narcntlnp  am  tlin  mn«t  abundant,  tbr  rr«t  oc<cnr< 
rina  in  small  ijuantitr,  and  only  ill  particniar  variflit^  of  opium.  

Th<*   baM<a  an*  obtaininL  by  digesling  opium  with  warm  wal^ir,  pr* 
iatinir  lU»  rai^oitnic  sunA  with  calcium  chlorid<^,  and  leaving  tkta  coo< 
It-i      '  i>' to  crvBtaUifO.     Tbe  hydrochloride*  of  mor|»biiJtj  aiid' 

|l<  i»o  oul  ttrst,  and  may  In*  stparatwl  by  treating  tb<*ir 

••>: .^..h  ammonia,  whereby  the  morphine  la  alono  precipii 

PaUmiic  n*timiiiiii^  d)!>^<)[vL*«l. 

Th>>  in>tthi>r-li<inrir  iif  thn  mnrphine  and  codeine  hydrocblorid««  ia 
iHlh  ammonia,  whii-b  throws  down  narontinp,  topfither  with  smaU  qoaotl- 
tliM  of  paparurine,  and  thubaine,  and  a  reain,  wbilo  narovine  reauaiaa  i& 
Mlntton. 


Morphine,    CnH^NO,  4-  ^P-  Morftkin  or  yforjJtinm.  is  prwipit 

fV\>m   lla  >.tll»  a:i  ,&  whjt*'  powdnr,  and  i-rynt;illiz*'»4  fntm  alr<diol  in 
but  v^TV  brilltnnt  pn»m§.     It  rt^juires  at  ivn.^1  '>•»<'  parts  of  water  for 
tititi,  lAjtttifl   Hlightly  hitt4*r,  and    haii  an  alkalinn   reaction.     Tfaeae   effi 
&r*  muidi  more  ovidrnt  in  the  alcoholic  64iIution.     It  diKsoIvos  in  abont 

Saiia  or  boiling  alcohol,  and  with  ^'reat  facility  in  dilate  arids  ;  it  ia 
toaolviMl    by  i'Xct'Hfl  of  caustic  potash  or  noda,  but  ftoarc«ty  by  excess 
ammonia.     WlifU  heat^  in  th«  air,  morphine  mdta,  burns  like  a  rcain, 
ami  Ifarim  a  fimall  quantity  of  chArcoAl,  which  easily  bnrns  away.     Mor- 
pliUit^  in  Bmall  doi(i.-3  ia  narcotic  ;  in  larger  do34»i»  highly  poi^anons. 

Morphint*  in  a  tertiary  raouo-acid  baae.     Ita  hjfdrvchlaride ,  r,,H,,NO,. 
•^  S11,0,  cryDtallizra  in  tufia  of  nlfndHr  ue«dlea  easily  «oIubli*  in  w 
•nd  In  alcohol.     Th«  acetate,  Ci^HjyNOt.CiH^O,,  is  modCTatcly  aolabl«  in 
vaicr.  and  uryfttalliziTS  in  nwdles. 

l^dutiouB  of  morphin*;  and  it*  salta  ar«  colored  dark-bine  by  ferric  ci 
»td0  ;  lla  8idution  in  gtnnig  gulphuric  acid  is  c«lor«Ml  blDc»d-r**d  by 
wt  nhrlv  aoiil.     Solution  of  iodine  a«lded  lo  the  solution  of  the  hy'd 
rM**  tbrtmn  dnwn  the  pt-riodide,  Ci,H„NO,I,.     Morphine  healed  wi 
Mh-ly<*  givna  off  muthylamine. 

Apomorphlne,  C„H„N<\,  a  oompoand  containing  1H,0  leu  than 
'  '"«',  1«  foniu*«l  when  morphine  ia  heated  in  a  svaled  tuhi«  with  at 
Wtrto  acid,  and  itrparnt*^  as  a  white  powdiT,  whitli  turiu  gret-n 
'« ith  tJMi  air.     It  dlffcra  from  morphine  in  being  ttolnbk*  in  aloo 
'\>\   rhlorofurm,  and  in  ita  physiulogiual  action,  which  is  dvI 
«, '        Ml  vmtilic, 


ic  cM^H 
ad^H 

than 

1 


^C <»4«l n«.  PuH„NO,  =  C„Ht.(CH,)NO„  Mrlkyt.mnrpkine.^'VhSA 

II  opium  aa  abov^  defirritHHl.  crystalUitos  from  rthcr  in  h 
Yb  im  midting  al  12t>0  C.  <lMbO  F.).     It  is  more  8<>lubl**  in  wi 

Ih.iii  '  or  opium  luutes  ;   potash  pri*4'ipitatt>ft  it  frcitn  th«  solutinna 


•  It  t*  >MMiteiiUu1  to  dnlffnate  orvanlc  Ma«»  by  ntmrt  endtog  In  inti 
»ub*la>^o»  ^y  ii«iar«  riidlng  In  <*/  t  f.  ^tUtin,  mlbvmin^  emmin. 
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lt«  aaltfl.  Ht<at4Hl  with  stnmg  soda-litnA  H  gives  off  nti'tliylominf  and 
triniHthylainjno.  Heated  with  Btmng  hy4n>c!iloric  acid  to  i4i'C»-I5liO  C. 
(2S4C*-3U2C  F.),  it  is  rosolvud  Into  moUiyl  cliloride&nd  apouiorphino: 

C,.Hj,NO,    -f.     Ha    —    CH,Cl     -I-     H,0    +     C„H,^0,. 

Cndeine  is  also  a  tertiary  monamine,  fanning  with  «thy]  iodide  a  crys- 
talline iodldu,  C'l^Ug^Cjti  JNO^I^  converted  by  aiivur  oxide  into  au  alka- 
line banti. 

Narcotine,  C^jR^XO,. — The  marc,  nr  inftolublo  portinn  of  npiuitt, 
ooutaiiui  luuch  iiarootine,  wluch  may  be  (>xtracte<l  by  boiling  with  dilute 
aAelie  hfhl.  Frnni  tlii-  HlU'r«'*l  Holiition  the  nariYitine  is  precipitnttnl  by 
ainmouia,  and  aflerwardn  ]>nrini>d  by  i«olutioii  in  lioiling  alrohol,  oitil  flltra- 
tion  through  animal  charcoal.  Naroutiue  cryBtnllizcs  in  Bmnll,  colorluMf 
brilliant  priama,  nearly  iusolublu  in  water.  Its  basic  powtTS  are  very 
feeble  ;  it  ia  dtiitilute  of  alkaline  rea«;tioa,  and  altboiij^h  freuly  stdtible  in 
acids,  docs  not,  for  the  moat  part,  form  cryiitalliuilile  Halta. 

Narcoiine,  treated  with  a  mixture  of  dilute  pulphnric  ncid  and  m&nga- 
neae  dioxide,  or  a  hot  tt<ilii(ion  of  platiaic  cbluride^  yields  opiouic  avid  (p. 
923),  tugetber  with  baaic  products. 

Cotarnine,  C^H^NO,,  is  orjntained  in  the  mother-liquor  from  which 

opianin  acid  ha.«i  crvAtalliziMl :  it  form.f  a  yr-lhiw  cryHtalline  nta«8.  vt«ry 
solnhle,  of  bitter  tante,  and  fettbly  alkalinu  reaction.  Its  hydrochloride  ia 
a  well-deflned  salt. 

Cotarnine,  gently  heated  with  very  dilute  nitrle  acid,  Is  convertiid  into 
methylamiue  nitrate,  and  cotamic  ac%J,  &  biluuic  acid  cuuloiuing  C„H||Oj: 

C.jHuNO,    4-     2H,0     +     UNO,     =     CH^N.HNO,    -f     CulI^O.  . 

Tbebaine,  C„H,|NO,,  fli/Mir*^Vf, C^HjjNO^,  aii<l  Nnrceinr,  Cja^'s«^^»» 

are  nliM>  f-(>iitfunr<l  in  opium  in  Miiiail  quantity.  Thebaine  formii  silvery 
scales,  melting  at  11»3^  C.  (379.40  F.)  ;  insoluble  in  wnter,  potash,  and 
ammonia.     J'apaveriue  melta  at  141^-1450  C.  (285.80-2930  F.). 

The  following  bades  arc  also  found  in  o|  jnm.  at  least  twcnHionally  :  eoda- 
wtine,  t'»H„N<)j,  lanlhnjnw,  C^UpSi\,  imufmiiHe,  C^H^NO^,  mrrYtriiWifitf, 
C||HoX**<t  oftinnint-  and  jtnrfthtfroTtn^^  but  they  are  of  Amatl  importancu, 
axid  ooiuparatively  little  is  known  respecting  thtuu.* 


^^The 


3.    Cinchona  Batts, 

e  barks  of  the  r&rlouR  speeies  of  cinchona  ooutnln  a  number  of  alka* 
loYds,  associatwi  with  quiuic  aci^i  and  cinchoiia-taunin.  The  Uwt  known 
of  theiie  bases  are  : 

Qninine,     C„H„N,0,-  I         Ciuohonlne,     C„H„?(,0. 

Quinidine,  C^H„N,0,.  |  Cinchonidine,  C„H„\0. 

Quinine  is  found  chiefly  in  yellow  cinchona-bark  itrom  China  regia)  ;  oin- 
chonine  in  the  gray  bark  (from  i'hintt  HuaruKf*). 

The  bases  are  extracted  by  digesting  the  pnlverised  bark  with  dilnte 
hydrochloric  acid,  and  precipitating  the  fiUertftl  ftoliilion  with  sodium  car- 
bonate, or  magnesia.     The  precipitate,  consisting  of  noinine,  ciuuhouine, 

•  Sep    Hrnie    Ann    Oh     Phurm.,  cUtl.  Tli  Oraelln's  Hitmlhook,  xtUI,  1W»  1BT« 
310;  Wattfl's  Dletlonnry  uf  Chemistry,  tiii|ipleiiient,  p.  B8S. 


M8 


AL&ALOIDft. 


ftod  ft  Irw  oth«r  iin1i»uno(w.  ia  builtyl  with  ■looliol,  and   the  »n1ation  fs 
MlaratMl  with  sulphuric  acid,  Ami  cvt: -■•-■'■- '       " ! —    ■*   •  ■- 


tAtttiU  aiilphttto  (if  i|tiiitint%  and  aftf 
BftW«   « 


»r»'  uosiljr  flt'parnUKl    bjf  elhrr,  w:. 
Quiuidm«*aMd  (liuchunidiue  aru  futuid  in  th«  ia«t  [uoiiier-lu^uiuffii  of 
Aulphuric  acid  ttolutiuu. 

Cinohonlne  crjsulltsefi   in  small,  Urillfant,   tr&TupoLnnl.  foQr<«i 
priniuH.     h  iit  rrry  sli^htl/  9<:>luble  In  water,  dioaolTo  reodiljr  in  buil 
aliitfhul,  and  hiLt  but  Uul*<  ttuttc,  altbuugh  its  *alu  ore  exoM»trt>l/  Uitt 
ll  is  a  puwttrrul   l<a:iii,  U(-<ulraiLziiig  acids  oonipIittAl/,  and  li[trmiTig  a 
of  er/«talHi«ble  uUts.     It  tunu  tlie  plonti  of  poUriutioD  itrcmj^l^  to  Uu 
right. 


Qnlnlne  much  rcwmblos  cfnohonine;  bat  does  not  crTB(a1Use  sowelli 
it  if.  mucU  moTf  ooluble  in  watt^r  :   toAtes  uit«UB«]y  bitt«r  ;  turox  ih« 
of  |i(ilarixaiio»  atrougl/  U*  ttu*  left. 

QiiiRiuf  mlpkftff  is  matt n fact urml  on  a  very  larg^e  scale  for  m«*diciiiat 
it  crjrBtalliSL-s  in  smAlI  wliitr    nt>t*dleii,  whii-h   givr  a  iif*utral   Milutton.     U 
contaiiH   SC'^UjiN/VSO^H,  +  ^Aq.     ltd  solubility  is  inach  iiicrfoud 
thfl  o^ldilion  tif  a  little  sulphuric  atud,  whereby  th«  acid  salt,  C^ll^X 
8O4H,  4-  7^4-1  i^  formed,    dilutions  of  quiuiuc  tiulphatc  exhibit  a  aplv 
blue  huor*f8c«Tnce.     Ou  adding  to  the  solution  of  a  quinine  sail,  fit«l  c 
rin■^•watt<r  and   then   ammonia,   a  finn   green    color   tM   proiiiirMi.      |rj 
a/libvl  tu  a  Hulution  of  quiuiun  uulphutv,  foriua  a  L'r>       " 
brilliant  t'Uitarald  color,  which  appearu  tu  havi.'  the  < 
311^0,. I,  -f-  3Aq.     This  eompuuiid,  oalU-d  UrrofMiti,,,. ,  un-r.  ..=  ui-.*^vi 
paa!tt!4Sivt  tbti  optical  proptirtiea  uf  tuurmaline. 

('iucbonine  and  quinini?  riold  with  mfthvl  iodidn,  thn  cotnpou 
C^II,j(CUj)N,Ol  and  Ca!l„(<'U»)>','V.  which  arc  oonrcrt^Nl  by  ail 
oxidt]  inU>  s^jlublu  bostis  anabigoua  to  tetrtitbyl-axuiuouium  bydroxii 
tliey  ore  therefore  tertiary  omiiu^. 

Qmmitfm<  and  Cinch^iiidiHf,  iaomcric  respectively  with  qnfnine 
ohotiiiic,  are  obtained  frum  Lwnunorcial  q  u  t  noTdine,  a  rrtiDuua  prodv 
couiaincd  in  the  mother-liquon  of  th«  quinine  preparation. 

Qninidine   (or  Cinchininc)  crystalliicA  in   large  prisms  modera 
soluble  in  aleaihol,  sparingly  in   ether.     Us  salt«   are  murtr  soluble 
thoif  of  quinlno.     The  solutions  are  stmn^rly  dextrogyrate.     With 
rini}-wattfr  and  ammonia  qainidine  react*  like  quinine. 

Clnchontdine,  otvurring  also  in  the  hark  of  Chino  BagotOt  ta  rea^ 
much  like  cinchoniue.     Its  solutions  are  atrnn^'ly  levuf^y  rate. 

ThtiaciddUlpbatesof  tbc^c  four  bodcft,  heated  lirst  tu  KHO,  to  expel  wa 
of  wrystollixatiMii,  and  then  to  about  135°  C.  (27.00  K-),  arr  converu-*!  i 
the   sulphatrfi   of  two    amnrphona    bases,  qninlcine   and   <^  <  ><  ■  )  •-••r 
oint.    isomeric   with   quinine   and   cinchonine    resi>»-*tivel 
C^11,^N,(1,,    living   furmetl    from    quinine    and    uutuidine, 
C,li^N,0,  from  cinchonine  and  cincbonidine.     Tj 
Ihv***  liosa  ar«  feebly  dextrogyrate. 

All  the  four  baaes.  when  distilled  with  canstic  potash,  yiehi  bans  of  Um 
ohiDoLine  seriea  (p.  d7(i)* 


ha  solations  uf  Ufth 


if 

ery 

1 
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Strychnine,  ("i|H„N,0,,  and  Bmdae,  C^H^NgO^,  also  called  StryJuiia 
aii>l  liruLiit,  art*  *x>iitaint-il,  toj^fthi-r  witli  sevrral  alill  impvifectljr  kuuwn 
baaffl,  In  ^Ntur  vomica,  iii  int.  I'jmuiu*  Ucnn,  and  \n  j'nU^  Anijuttura  Itark,  To 
prepare  th«>m,  iiux  vomica  aucdn  Mru  l>oilvd  in  ttilulu  bulphurk'  acid  until 
Xhvy  b^4Xiiiif>  Huft :  they  &ra  then  ertiaht^,  and  thu  nxpriMHwl  Ihiuitl  in  taixvd 
with  exti«.*;«9  of  calcium  hydrate,  which  throws  down  tlto  alkn)o'i<lH.     Tbo 

fn'dpitutu  IN  bailed  in  spirlta  of  wine  of  sp.  gr.  0.850,  and  llltrrt'd  huC. 
Irychnino  and  hruoinc  aro  then  d^'iKMiitc-d  togtaher  in  a  colored  and  im- 
pure Stat**,  and  may  hv  Huparated  by  culd  aleohul,  tu  which  the  luttur  dU< 
solvftt  rcviity. 

Pure  slryL-hnine  crystallizca  un<1(*r  farorable  circumstancos  in  small  bat 
exceeilin^ly  brilliant  octohi»lral  crydtalfl,  whicli  arc  trnnsparent  and  mlor- 
le**8.  It  hftA  a  very  bitter,  Aomrwbat  mi-LiUic  taitt«  ( 1  part  in  l,iHK)/HH>,lH>0 
parb*  of  wAtor  ia  stJH  |wrc«>ptil>le),  itj  slightly  sululde  in  wat^r,  and  fear- 
fully poLHonoitfl.  It  dinsidvcH  in  hot  and  Homt-what  dilutu  npirit,  but  not 
in  abHohuv  alcohol,  vther,  or  solution  of  catiatic  alkali.  This  alkaloKd  may 
h*'  readily  ifli>nlilit.Hl  by  uioiiduning  a  crystal  with  cuuoi'utrati.'d  Bulphurio 
■Old,  and  ndding  t<i  the  n<|aid  a  cryainl  of  ]>ntaft!«inin  dichromat**,  when  a 
dfcp  vUik't  tint  is  prwincod,  which  disappears  aftrr  some  time. 

KlryrhniTtt*  fnruis  neutral  oryHlnlliup  salts,  containing  unv  t*qutvalpnt  nf 
arid.  Tht*  nitrate,  CjiH-jNjOj.NObH,  is  sparingly  solubU'  in  water  and  in 
alnohnl.  I'otaoHinm  thiocyanatc  added  to  the  solutious  throws  down  crya- 
tallinr  thiocyanate  of  strychnine. 

Bruoine,  r„Ti,BN,0^,  crjtitalHirs  in  cfflorescont  prisms  or  tables  oon- 

rig  41l,0,»'a.Hily  itotublfin  alcohol,  nlightly  in  wali-r,  initolnblc  in  tdhiT  ; 
rt^ry  potsouous.  Strong  sulpharic  acid  colnrs  the  solutions  risl,  and 
ding  titannottB  ohlorido  to  the  r«*d  liquid,  a  violet  procipitat«U  lunoud. 
g  sulphuric  acid  dlssolvua  bruoin«  with  reddish  ouLor. 


5.    Hatet  fr  <im  various  Piant$, 


▼eratiine  nr  Veratria,  t\,n3,N,0-,  is  obtained  fmm  the  swtis  of  I'lra- 
tnim  .Vi/ft/Zi/Ai,  and  fn>ui  the  rottt  of  V'.  alhma.  In  the  purH  stat«i  it  is  a 
whit«  or  yellowinh-white  powder,  which  has  a  Hharp  burning  taste,  is  very 
lM)iai>mius,  and  in  Hmall  quantities  oc^'-asions  viulent  sneezing.  It  is  in- 
Holuhle  hi  water,  but  disbulvett  in  hut  alcohol,  in  ether,  and  in  acids :  the 
solutiitn  ha8  an  alkaline  reaction. 

J  er  V  i  n  G  ,  <'jo*^(«^7*Xii  'xturring  together  with  vcratrine.  in  the  root  of 


Verntrum  atlmm,  forms  small  prisms  solublo  in  aloohol. 
aolable  in  water. 


Its  salts  arosliglitly 


Pipeline,  r,-H,,NO„  occurs  in  Pifmr  nirjer  and  other  kinds  of  pepp<*r, 
frrxu  Hbich  it  may  \wi  extracted  by  alcuhul.  It  cry  sUil  lines  in  four -sided 
pri»u)5,  melting  at  10(0,  e:iaily  sulublu  in  alcohol  anil  ether,  instdnble  in 
water;  dissolves  with  dark-rerl  color  in  strong  sulphuriv  nciil.  Heated 
with  soda-lime  it  girnt  olT  piperidine,  and  by  Iroiling  with  alcoholic 
potash,  it  Is  resolved  into  pi]H>ridiue  and  piperic  acid  (p.  910) : 


Piperidine.  C,H,,N«a  r^H^NH,  is  a  liquid  whieh  l«il«  at  lOflOC.  f222.J» 
)f  disaulve:»  easily  in  aluohul  and  vthi^r,  ha*  a  strung  alkaline  ruavtion, 


PBCTOV8    ftCBATASCKS. 


ii««tnU  CTTviAUisM  salta  with  1  cq.  oC  tkL     It  ii 
«•»  of  it*  hydtwgem  ato—  tniag  npUembAe  hgr  Kid  umI  Air 


S^k.  mJ.^I. 


l^oii^  UbvltanoflT  boOiBf  at  lltPr 

>  a  sniUr  dtftrfttiT«  eentAiniug  the 


rf-^M  Ji^  V 


C^Ha^<V  oeeoTTin^  In  tlie  dr^Ur 
Ksd  ia  lh«  tticra  apple  {Oaimra  Stramtmnmrny, 
Aia  prtoM,  ^rttliy  ■>  •»>  C-  <1M0  F.).    It  ta  bilter, 
«rtM,  «ad  fai  iMill  qu— Uijf  pmdt—  d£UUtloo  of  the  pvpQ.     Bj 
m  itli  baf7ta-wmt«r  or  hxdtooUoric  Mid,  H  is  roaolrad  iato  tiopc  «Ad 
•13)  modtropiae: 

Tropin*  Is  a  ttrow  ■<wo  airid  base,  gyrtaniring  from  etber  ia 
Bolti^  at  <1^  C  a41.«D  r.)- 


C^H^fOy  oee&n  in  whiu  musUrd  seed  hi  the  foim  of  Ihio- 
eyaaabr,  vhkh  m«y  Im  dfaaolrcrd  oat  br  alcuUol.  Tlie  base,  s«paratcd 
fiw  Um  IhteOrUMtto  or  oth«r  aatt  by  alkALuA,  rr^iaina  diMolved,  as4 
AeoMBpOHi  oa  oraporatlon.  Bj  botlisg  th«  tatts  with  al]Lali«a,  th«  sina- 
plM  ia  rwolrwl  imio  rhollao  (^  M&)  and  ainapio  acid,  CuH^: 

•nd  cr7«taIl2M0  in  thin  ptiima,  ooluUo  in 

oUwr  alkakSda.  mare  or  less  known,  occarring  in 
short  notioe  of  a  few  of  th«ra  miut  sqIBc-m  : — 
lie,  OTvUlUsablo  antetanm,  from  /fjHMTjniMi  ai^; 
UkrwlM  fca  Ot^mm  Strmmmtimm, 

w,  C^'Iti^^O^C*). — A  pearlr,  crrstallin^*  safastanor^  from  rarioos 
plaots  :  rvsnlveU  br  Uulia^  with  dilate  acids  into  gloooao  and 
L"  H«>'0«  +  3U,0  =  3C,U„0,  +  C,H„50  . 
C,^^N<V — ^  OTStaUlne,  rcrj  poiioinows  allralnld 


m 


•A  ywllowishf  ftisibl^  sobstanoe,  fhm  the  aeeda  of  £M^'*nrw 


. — X  whit**  and  onarljr  ta«t«1«s8  powder,  from  ipeoaeaaaha  rooL 
'The  am>w-(aiL<on  of  Cenlral  America. 


Pectona  Snbatancea. 


TW  palp  of  fleahj  fHiito  in  the  onripe  #tat^.  «Ih>  of  fleshj  rootl 
ethrr  Tcgvlablo  otf^mas,  eontains  a  snhsiance  callrd  pec  lose,  whi 
iasolablo  tn  wat«r,  bat  undvr  tfae  inflofure  of  vriils  and  otbfT  ntkgtti 
traasftvm«d  into  a  Boltibl<>  Aobstancf  p<-<-ttn,  identi^^I  with  that  w 
CSlrta  in  ripe  frails  and  imparts  to  their  juice  the  propertr  of  gvlatin 
vhea  boiled. 

Pectin  majr  be  obtained  bj  boiling  th^  palp  nf  rarrots  or  taming  « 
•lightly  arid  liqaid — or  better,  fro«n  ihr  jni-'e  n(  ripv  prars.  ' 
1)^  the  lime  with  oxaHc  aeid.  then  the  alhovuBoaK  srn>«ianr.  - 
aeli,  and  ^diag  alcohol,  vhcrvapoa  the  paDtin  aeparatefl  in  iuu^>  lUt 


BILE   CONSTITUEXTH. 
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or  as  a  Jelly.  WhVn  dry  it  foniu  nn  amurphonfl*  t&steleRg  mus^  eol'ible 
in  water,  and  precipitntfd  thcrvfruui  by  aloohol  or  hy  Uiisic  aoetatt^of  lead. 
On  Ivniling  th«nqiiftous  solution,  the  peiain  iacouvyrtrtl  into  parapet!  tin, 
whit:h.  as  well  lu  pectin  itself,  is  cuuvertod  by  boiling  with  dilute  acide, 
into  met  apcct  in^  which  hju  au  acid  reaction,  and  i.s  precipitnttKl  by 
bariuin  chloride.  ThosH  three  sabstancvs  are  said  lu  bu  ismueriCf  aud  r»- 
preaL'uUr<l  by  the  Lnnpirical  formula,  Cjll^Oj. 

Ac(H>nling  tu  Freiuy,  all  vegutablo  tissuuK  which  contain  prctose  oontain 
also  a  ft*rment  railed  pt^«otHMe,  similar  in  it>  uiode  u(  action  Ut  diastoaa 
aii'l  emuUin.  It  is  an  amt^^irplionfl  Hiiht4(suitM<,  w)iii;lt  may  be  prtH'ipitHted 
by  aloohol  from  fresh  earrot-juice.  I'ndiT  the  iulluenooof  thlH  ferment — 
or  of  dilute  cauatiu  alkalies  at  '30^ — i»ectiu  is  traiufonned  into  peolosio 
acid,  r,jH^0^.3H,O,  and  aftrrwarda  into  poetic  acid,  C,^H,gOj,. 
21l.,0,  which,  by  prolougt«d  boiling  with  water,  is  converted  into  para- 
peeltic  acid,  C„n,gU,p2U,0.  The  (iual  product  of  the  transfonnation 
of  [H'ctoufl  suliAtance^t  in  motapoctic  acid,  0^,11,^0,. 2UjO,  whieh  n-dui-vs 
alkaline  (*op[M*r  nolutions,  and  is  r<*8oired  by  alkalif*  into  furuiiL':  and  pro- 
tocatechuic  a<.ndii.  The  composition  of  all  the8«  bodios  is,  however,  very 
imoertaiD. 


Bile   CoDBtifcuents. 


1.  BiUART  AriDP. — Bile,  tlio  fliiitl  fifcretion  of  the  Itwr,  contains — in 
dition  to  fats,  mucous  substances,  prot4)ids,  ureA}  and  choline — tho 
tliiim  salts  of  two  pj^culinr  acids,  eallMi   f^lycocholic   and    tauro- 

uholio;    also  certain  coloring  matters,  and  an  aromatiu  aloohol  eallwl 

ohoIe«terin,  already  described  (p.  V>bii). 

Olyooobolio  Aold.  C„H„NOfl. — Wh*n  ftesh  ox-bile  porfoolly  dried  is 

exhausted  with  cold  absulute  alcohol,  and  mixt^nl  after  ftltration  with  ether, 
it  first  depuHita  a  bntwni^jlt,  tough,  n;sinoU6  mass,  and  after  some  time^ 
»t<?iUte  crystals,  *x»iisi«tiug  of  th«  glycouhulnles  and  taunK'holates  of 
atMlilun  and  ptitiiH.-tJiim.  i>n  dissolvin^^  these  salts  in  water  and  aildin^ 
diiuto  sulphuric  acid,  glyeocholic  acid  separates  after  twenty-four  hours 
in  ih«  crystalline  state,  wliile  tauroehulic  acid  remains  dissolved. 

aiyeooholic  acid  crystallizes  in  white  slender  nctMihrs,  sparingly  ftolnbln 
in  water,  easily  in  alcohol.  It  han  a  faint  acid  reaction  and  bilter-sireol 
taste.  It  is  monobasic;  its  alkali-sails  are  very  soluble  in  water,  and 
have  a  very  sweet  taste.  On  adding  to  glyco(>holio  acid  a  solution  of  sngar 
anrl  then  strong  sulphuric  acid,  a  purple-red  ooluration  is  pn>dueed  (Pet- 
tcnkofer'a  bile-reaction). 

Olycxwholio  acid  is  riisolvod  by  boiling  with  alkalies  luto  glyooviue  and 
oliolio  acid,  C'i^EIm<>j: 

C^H„NO,     -f     H,0     =     r,H,CNH,)0,     -f     <',J1«0,. 

Cholic  acid  cryatalliaes  in  shtnitig  quadratic  ootohcdrons  containing  2J  mol. 
water,  soluble  in  aloohol  and  ether. 

filycocholic  acid  is  also  resolviHl  into  glnvx^tne  and  rholie  acid  by  boiling 
with  aoids,  but  the  chnlic  aeiii  ts  (Ikmi  ennviTted.  by  abrtlractioti  of  water, 
into  dyslysin,  C„Hy),,  an  amnrphouN  sulMtance  which  is  reeonvertvd 
into  chuUc  arid  by  tM>iling  with  alooholle  imtash. 

TanroohoUo   Aold.   <V*^»^'*'*^.  »"\v-  b.^   precipittit.-d  by  b.isin  lead 

""otf,  after  the  glvciii  linllc  dciij,  niuruK,  and  odoring  matters  have  l»een 

«d    by   Lh«   neutral    aivialo.     It   fornts   slender   needles,   having  a 


I 


•n^ 
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or  by  lf»a*l  nwlate,  either  nfutritl  or  Hasic.  Tmiinio  a^rid  IhrowD  dowTi, 
eTi-n  from  vitj^  dilut«>  snlatioua  of  gelatin,  a  tough  yr!Iowi«h  ]»rt'cipiUit»*, 
DonsisUng  of  a  cotupnnnd  of  the  two  Ixxtips.  The  tiosaeB  which  jrt<-ld 
^tdatin  likewise  unite  with  t&utitu  acid,  aud  withdraw  it  complut«l^  i!ruiu 
its  solutions,  farming   leather. 

Uvlatin  boiled  with  sulphuric  acid  or  with  alkalies  yielda  leaoine  and 
glycocinc,  togHth»fr  with  other  prodncta  of  unknown  oonsiitntinn.  By 
dtalrnotive  distillation  it  jriehh*  atrvfral  amines  U-longing  to  the  fatty  and 
pyridine  bit^riei*.  Bj  oxidation  with  MnO,  and  sulphuric  add,  or  with 
chromic  acid,  it  yields  the  itamc  products  as  thti  protfitU. 

hinijhu*  is  a  vt^ry  pure  gt^latin  obtained  from  the  dri«Ml  swimmiDg  bladder 
of  the  8lurg(.M>n :  it  diflsolvea  in  wat«>r  meri'ly  warm.  Siz€  is  an  impure 
gelatin,  prepartnl  from  the  clippings  of  hides  and  fiimilar  matters.  (Jtme 
U  tho  same  kulistauce  dried  by  exposing  it  in  thin  atioes  on  nettings  to  a 
current  of  air. 

ChODdrin,  obtained  from  the  cartilages  of  the  ribs  and  joinis,  is  very 
mnoh  like  gt;latiu,  but  difTcrs  from  it  in  t>eing  precipitated  from  its  n^uc- 
ona  solution  by  aivtiu  acid,  alum,  lead  acetate,  and  other  metallic  salt«, 
but  not  by  mercuric  chloride,  lis  products  of  dfM.<t)m]joeition  are,  f<ir  the 
most  part,  the  same  as  those  of  gelatin  ;  with  sulphuric  acid,  hnwrrer,  it 
y^iclds  no  glycooino,  but  only  leucine.     When  boiled  witli  hydrochlorio 

id  it  yields  gluoose. 

Snk-gelatili  or  Serlcin.  C|jH2,>\0«,  is  extractetl  fr^tm  silk  by  Twillng 
Willi  water,  and  prinipitated  by  alcohol  ait  an  jminrjdions  jMiuder.  It 
awi-lld  up  in  water,  diiisolvea  on  boiling,  and  solldlfli«  to  a  jelly ;  is  pruri- 
pitateil  by  pola.-«:«ium  ferrocyanide,  Iwuic  lead  acetate,  ajid  several  other 
metallic  aalts.  Hy  lK>iling  with  sulpburio  add  it  yields  leucine,  tyrosine, 
aud  amidoglyoeriu  acid  or  suriue  (p.  757). 

Fibroin*  Cj^H^NiO,,  the  chief  constituent  of  silk  (abont  66  per  oent.), 
is  ohtainetl  by  repeattHlly  digesting  silk  with  water  at  13(.»^  C.  (2t*tP  F.), 
and  fxhaustin^  the  residno  with  alc«jliol  nml  ether:  it  tlien  remains  as  a 
white  .tbiningmass.  It  dts3olvt*s  in  strong  sulphuric  acid  and  in  alkaliea, 
and  is  precipitattnl  on  saturating  the  solutions.  When  tA)iled  with  sal- 
phurio  acid  it  yields  luuoiuo,  tyroaine,  and  glyoccine. 
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Protaldt  or  Albuminoids. 

These  aabstancos  form  the  chief  part  of  the  solid  ronstitnfntii  of 
blood,  mtutde.-!,  nerves,  glands,  and  other  organs  <if  aniiital.s  :  they  occur 
also  in  small  qnantlties  in  almost  every  part  of  vi-gi-taides,  and  iu  larger 
quantities  in  the  seeils.  They  are  formed  exclusively  in  plants,  aud 
undergo  but  little  alteration  when  consumed  as  food  and  assimilatwi  by 
animals. 

The  Several  bodies  of  this  class  resemble  on«  another  eloscly  in  their 
propertitfl,  and  more  Mpecially  in  thoir  percentage  oomposition,  which  la 
oomprisod  IwtweuQ  tho  following  limits  : 


Carbon 52.7 

Hydrogen        .....  6.II 

Nitrogen iri.4 

Oxygen 2(\9 

Boipbur O.B 


54.5 

7.3 
lfi.fi 
23.S 

1.8 
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Thesw  nnm1»c>rfl  m*y  be  approxinuUtly  reprwonted  by  the  empiricAl 


formitlA   C;„t{,,,N 


Thti  yruU'idii  »ltu>  contuin  a  kniB-U  quAUlity  of 


pho^phiirua,  but  apjmrently  only  mfchaiiically  lutxtxi  will*  tht^iu  as  cakium 
pliospliatc.  TUoir  luuleciilar  weights  au'l  onif  titutiim  nrv  iwt  yet  kuuwu  ; 
but  roooiit  invi^i*iigiitiuiis  have  thrown  some  light  ou  the  ijiiestton.  anil  iu- 
dioulti  at  luAMt  thn  ilini-tiuii  iu  which  il6  solution  is  to  Ik*  bought.  Ac- 
cuniing  Co  Hlosiwetz  aud  llabertuann,  nil  prutimU,  wheu  Njileil  h  tth  ililut« 
Hulphuric  acid,  or  better,  with  hydrochlorio  acid,  and  a  sui.ill  qiiatitity  of 
iitaniinufi  chlorido,  are  rusolviHl  exactly  into  a^partic  acid,  glutamle  add 
(p.  TtfO),  l«Mioine,  tyrosine",  and  aiLuuoiiia,  aud  way,  Ihurcforc,  he  rv^arde*! 
as  Turuittd  hy  the  oomhinattmi  uf  then*-  sulMitanct'^,  with  cUmiuatinn  of 
water.  SohUtzeriburi^er,  by  htfAtinj;  prottridit  with  baryta-water  to  J5tO 
(whereliv  ^  of  thu  uitroKt>u  was  evotvetl  ait  amiuonia),  uhtaiiied  eibtentially 
the  »ame  proluctdi  of  dt^compotiitiou,  aud  likewise  intoriue<liate  prodacU 
reHuUiu^^  ('rum  a  leas  cx>mplete  deiX)iuposition.  The  relative  <{uantitieji  of 
anunniii.i  ami  carbuu  dioxido  oorrespnnileii  exactly  with  tUciSti  whieh  arn 
ovolved  in  tho  n^oliitiou  of  urea  iuio  ^Nil,  and  CQ^.  This  rtaiuU  teiid^t  to 
ahow  tliat  albumin  ia  a  uuroplea  urvide,  containing  one-flAh  oC  ita  uitit^ea 
in  tlie  form  of  urea. 

Prt>teid«  are  precipitated  from  solution  :    1.   By  excess  of  mineral  acMb. 

2.  i\y  \)itUi^<\ina  ferroiiyauiiiu  with  acetic  acid  or  a  little  hydnx.hlorie  acid. 

3.  liy  iiojtiu  add,  with  a  oonsidernhb'  quantity  of  coucentraled  ^olutiuns 
of  neutral  gaits  of  tho  alknliits  and  alkaline  eartha,  gum  Arabic^  or  dextrin. 

4.  When  l)oih'd  with  mercuric  nitrate  (Millon's  reagent),*  th.*y  all  gir« 
d(«p4wit  which  turns  red  after  a  while,  the  aiipeniatant  liquorv^  alw*  h 
inj;  red.     They  rutatu  the  piano  uf  polaritatiuu  more  or  Ui&s  to  the  lei 

Proteids  may  bo  oonrcuiently  divided  iDto  the  following  classes : 
Cuisa  1,  A  L  B  I*  M I  5  R .  — Soluble  in  water. 

1.  Semm  Albumin  is   the  mn«it  abnndnnt  albuminous  stibfltonco 
Altim^l    l>i»<lii*M.      It   cnn    be  ohtuineil    t4)lern)>ly  pure  from    bliMMl-Herani  by 
precipitation  with  lead  acetate,  washing  with  water,  iiusjtending  the  p 
uipituleil  biad-com]>ouud  iu  water,  and  lUHSjmpdsiug  it  with  carbonic  ori 
then  by  llltratinii  a  very  elotuly  solution  nf  albumin  \s  Mbta)nt>l. 

Serum  albuuilu  furmtf  a  yellow  plastic  traui^parent  Bubs^tanct.',  which  wh 
pnrfootly  dry  can  be  Ueattwl  to  KHJO  witlmut  ehang^e.  It  is  soluble  in  wa 
and  preoipitahlu  by  nlrohol  ;  InUf^-coiitinued  at^tiou  of  alcohol  changen 
into  ouagulated  albuiuin.  Its  npociflc  rotation  in — 5(P  for  yellow  lig 
It  in  not  precipitated  by  carUjiiii:,  acetic,  tartaric,  or  phi#iphoriu  acid, 
by  othor  mineral  acidn,  when  vi-ry  dilute,  and  addcl  in  smnll  qiianti 
large  quantities  of  acid  precipitate  it  luimudiatuly ;  nitric  acid  acl» 
strongly. 

2.  Bgg  Albainizi  diffeni  from   serum  albumin  by  grmlually  ^rtiig, 
preeipitate  when  agitatt^t  with  ether ;  oil  of  turpentine  aUo  co;ignlat^it 
t>t]rum  albumin  (iissulveH  easily  in  strong  nitrio  acid,  whilst  egg  alburoi 
it*  nejirly  intoluMe  therein.     The  Hpecific  rot.ition  of  ejig  albumin  is 
for  yell»tw  liRht. 

The  H(»-calhfd  riteHtn  oontatued  in  solution  in  the  yolk  of  egg  is  a  tnlxtt 
of  albumin  and  caaeiu. 


*  PiTpnred  by  gently  warming  mercury  with  an  equal  qaantltjr  of  stronr  nil 

nclfl  till  It  l«dlN»olvp«f,  ttien  tllliillQg  ttiu  liquid  wKh  Lwlee  Its  bulk  of  water,  n 
leivlnK  tiia  pr«otpitata  to  settle.  The  cJa.»r  suucrnntAat  llquM  is  Millon's 
agvut.  ^ 


GLOBrt.IN] 


DERIVED    ALBUMINS. 
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3.  Plant  Albamln  cwara  in  nemrlv  all  T«getablc  Juioee,  wpecUll/  in 
potatoes  ami  in  wlii'dt-floar.  It  0QagiUAt«a  by  b«&i,  ind  bean  a  oloae  ro- 
■eublaAoo  to  egg  albumin. 

Class  II.  Globdliss. — Iiuolabl«  in  water,  BolubU  in  rerj  dilate 
acidd  and  alkalies,  ftolubl**  in  diiut«  (1  per  ueat.)  «oluliuuii  of  doilium  cUlo- 
ridu  and  other  iu>utral  amIia. 

1.  Myosio.— This  aubstanoe  was  fi»t  aeparat«d  bjr  KOhnA  from  othcir 
albumiuuuA  mattvre  occarriug  in  tbo  protoplasma  or  contractilv  muiieular 
aabsUniM  ibal  causes  Ibo  riyar  mttrtis.  To  prepare  it,  wi-U  cut-up  fl«?*U  is 
carvfullx  wasbed  with  water,  aud  the  mass  i«  then  plaw-d  in  a  miJsluTti  of 
one  rolumo  of  <x>nc<*Dtrat4il  solution  of  common  Bait  lo  two  vuluwtnt  uf 
water;  Ibeau  are  ooniinuall/ rubbed  t.>gether  and  filtered  tbnHigb  liiu'u; 
tbu  slim/ Citrate  ia  allowed  to  drop  iiilo  a  laryi!  quautil/of  dialillod  wal*'r. 
The  myosin  id  rcdittsolvi'dinsolutumnf  aodiumchluhdc,  aud  roi^rt^cipitatMl 
hy  much  wat4>r.  It  U  inttolubU  iu  wattTf  soluble  in  bulutinu  of  wuuduu 
aaJt  nnd>^  HJO  C.  (J03  K.),  ftuluhlu  iu  very  dilute  hydrochloric  acid,  but 
iu  tbia  solution  it  paasfs  by  degrctr*  iuto  a4*id  albumin  or  ayntouin ;  iu 
dilute  alkali,  myuein,  like  other  albuminous  mattom,  is  aoIuU«,  boiug 
changed  into  albnminati-.  By  hc&t  it  u  ciiauged  into  cxMifulated  albumin. 
It  is  also  coagulated  by  aloohoL 

2.  OlobttUn  (fhragUAulin,  J}irajlft>iH). — ^^Vlien  frcih   hlood-fwrum  la 
luti-d  tt'ufohi  with  water.  Aii'I  a  brisk  stfLtaiu  of  carUtnto  actd  passed 

through  it,  a  fine  granular  prt-ripitatti  In  forunMl,  which  ra.iy  be  si'pArAlM 
by  dfcanlation  and  tiltration,  and  wnsbeil  with  wat^-r.  Thi*sanu»Bub!itau<>t» 
may  be  prepared  by  saturating  blodl-aorum  with  soilium  chhirUU'  (ur  ma^- 
ne^ium  sulphate,  etc.),  aa  iu  the  case  of  uiytntiti.  A  LVi^taiu  juuuunl  of 
the  salt  alirayi  olinga  to  the  prr«)pitat«. 

Olobuliu  is  exci't'din^ly  solublt*  in  dilute  Balint'solutlonii  (fr^Mu  whh>h  H 
may  be  procipitat^l  lutihangcl  by  carlmnic  acid  gaa  <»r  ext-rftttmr/iif  dilute 
aoids).  It  is  insoluble  in  watAir,  but  dis^oUoa  whon  the  wator  Is  saturaltMi 
with  oxygen,  and  may  be  precipitated  by  carlwnic  arid. 

1q  excessirely  dilute  alkalii>s  globulin  dis^iidvi^  without  altt^ratlon  :  in 
solutions  containing  about  1  ^vcrocnt.  of  the  alkali,  it  dis.«<dvi4  as  albu- 
minate. By  dilute  ncitU,  however  fipoblci,  it  is  chan|pMt  in  solution  into 
acid  albumin.  SusjKMtiLcd  in  water  and  he«t*4  to  il^C  0.  (15SO  K.),  it 
«ut<Ts  into  Ihtt  inHulublu  or  coagulated  atat^. 

(riobulin  is  present,  nr>t  only  in  B4»rum  of  blniid,  but  al<tn  in  aquoous 
humor,  in  the  juicu  of  the  comoa.  conncotivo  ttflMi<«,  «Ho.  IVrtved  fmm 
the  flrst  of  these  sounva,  globulin  i«  f  i  brinopl  ant  lo,  •'. '.,  I(  has  th« 
power  of  acting  in  conwrt  with  certain  UuliU  (flbrino;;cnnu«)  in  such  ft 
manner  as  to  give  Hsm  to  fibrin  (p.  ODlV  Tlie  crystalline  lens  contains  ft 
sut>!«tAnce  which  in  not  flbrinnpl.utie,  but  iu  many  other  resjHJcls  cl'Mcly 
rvnombles  tho  globuliu  Just  described. 

3.  Fibrinogen.— When  hydrooele  fluid,  pericardial  fluid,  or  any  other 
fluid  capable  ot  giving  a  clot  with  bbiLKl-Kcrum  or  paritcbdittliu.  i«  treated 
by  the  uiutho<l  adopted  for  globuliu,  afriuiilar  soWtntirc  is  protlm^xi  which 
rrsembbts  globulin  in  every  reii|M'r(,  exrept  that  the  eurboiilo  aeid  precipi- 
tate is  moro  diiAcult  to  obtain  and  mnm  (laky,  and  that  the  »ntMt.inc«i  is 
more  readily  thrown  down  from  the  litfutd;!  in  i^  hii-h  it  is  formed,  by  ft 
miztureof  alo<ohol  and  rther  ;  also  by  the  fact  that  il  is  llbriuogenoua,  i.  «., 
pradaoea  fibriu  when  wi^eii  with  flbrlnuplastlo  iplobuliu. 

Cukss  in.     DaniTBD   Alsctkixs. — luAnltihlo  In  water,  ftud  In  solu- 
lus  of  sodium  ohloride  ;  solnblo  In  dilute  acids  and  alkali«s, 
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1.  Aoid-albamia. — If  a  email  qnantit^  of  dilut«  acid  (hydrocblori» 
«0etii?)  U*  added  tu  stTiim-  or  i<gg-albumiu,  no  predpitatiun  or  roa^^latii 
tltkea  plac«',  aud  on  gradually  rui^iiij^  the*  t«^'mpt'raiuru  uf  tli«*  uiixlurt;  to 
*lVO  C.  (15.sO  K,^^  it  will  be  found  that  uuagulalion  at  that  or  at  a  hi^Ler 
tcinpurjiiiii'ti  has  buen  vDtiroly  prvvuntml.  At  tlit*  same  timo,  iLe  iii- 
flueiict*  of  tho  fluid  on  [HjlariaMl  light  has  betrD  altered.  The  ruLatiuu  to 
the  left  lias  become  iucreaded  to  7^0. 

On  carefully  ueutraliziiig  the  cooled  mixiare,  ilie  whole  of  the  proteid 
matter  U  ibrown  duwn  as  a  whitv,  ]loocult*iit,  frequently  ^^elatiuuns  pre- 
cipitate. The  acliou  of  th«  acid  has  wnverlod  the  albutuin  (iolubtr;'  in 
wat»*r  into  arfubrttaiic^*  iuttuliible  in  water.  The  pretipttale  i*  very  readllr 
auliibhi  iu  exutraa  of  ihu  alkali  usL'd  for  neutralization,  nmy  liereprecijitintt'd 
by  again  neulralizLiig  with  an  aeid,  again  rediBsulvLMl  by  exet^iM,  an«l  lo 
on.  ll  id  aUo  soluble  in  dilute  ftolutiuna  of  alkaline  carlionate^.  Ilia 
insoluble  in  sodium  chloride  solution,  and  may  be  precipitat<>d  fr«m  its 
solutions  by  the  addition  of  that  salt,  tiuNppndi.'d  in  water  and  healed 
to  7uC  C,  (lliSO  t\),  it  entera   into  the   wmgulatL-d   or  insuluble  conditiun. 

All  the  glolnilina  of  Class  II.  are  ruailily  rotable  in  dilute  adds  ;  but  by 
the  act  of  snlutinn  thev  are  at  OTire  c<tnvvrte<l  into  acid-Jilbumin,  the  pre- 
clpitALc  formed  by  uoutraliiatiou  being  uu  longer  soluble  in  ueutxal  saline 
solutions. 


2.  AlkBU-albnmin  or  Albuminate.  Casein. — Whi-n  all  nminotis 
suticjlaaix-s,  e;jg-  ur  Kcruin-albumin,  fur  oxiuiiplc,  arc  treated  with  dilutu 
oaui>Uc  alkali  instead  of  acid,  cuagulatiou  by  heat  i^  Mmilarly  prevented, 
and  thit  whoU  of  tho  prrdeld  may  in  tike  manner  1>c  thrown  duwn  on  neu- 
tralization. Some  of  the  Uwlica  thus  produci-Hl  agree  w*^ll  t<.»geihcr.  and 
caTuint  be  distinguished  from  tho  casein  of  milk,  although  m(«»t  probably 
casein  is  not  idet^icnl  with  artificial  albuminate,  and  the  Ikodie^  which  aro 
yruduce*!  by  tho  actitm  of  potash  uu  dilTcrent  albuminouij  substances  may 
dilfer  slightly  one  from  the  other,  as  is  evident  in  tho  difference  of  their 
rotatory  action  on  polarized  light. 

Casein  occurs  mr>st  pliMilifulty  in  tho  milk  of  animal  feeders,  and  is  beat 
obtaine<l  from  milk  by  priN^ipitating  with  cryi^talline  magnt^ium  sulphate, 
fllttring  and  washing  with  a  concentrated  solution  of  salt,  then  djssulring 
the  precipitate  iu  water  ;  the  butter  is  filtered  olT,  aud  the  clear  solution 
precipitati'ii  by  dilute  aootic  acid. 

Dried  casein  and  albuminate  are  yellow,  transparent,  and  hygroscopic 
swelling  up  in  water,  but  not  dissolving.     When  ]»re(  ipitat*-d  in  a  Mi 
fltAte,  they  di^^snU'u  easily  in  water  if  it  contains  a  little  alkali.     The  p| 
cipitate  whif-li  f(»rms  on  neutralizing  the  alkaline  solutiun,  dissolvi^  east 
in  an  e?tN*.ss  of  ae4>tio  aciil  or  ililule  hydroi^hlorio  arid.     On  ihu  addition 
an  oxo<'Sri  of  mineral  auid,  or  on  neutralisation  with  an  alkali,  these  b( 
lions  give  a  precipitate. 

The  neutral  or  feebly  alkulinc^  allmminat*?,  and  casein  in  alkaline  sol 
lion,  an*  precipitated  in  tlie  «.r«ild  by  alcohol :   wlit-ii  h">t  Ihey  nrr  'Uj-^oIv 
By  fu.tiou  with  potassium  liydrate,  casein  yields  valerie  aud  butyric  aci 
besides  other  prfKlucta. 

Tho  mo^t  striking  property  nf  casein  ia  tU  onagatability  by 
animal  membranes,  as  is  w^on  in  the  procrss  of  oher^e-moking.  in  pre] 
ing  the  vuril,  the  L^oagulatJon  bt>ing  eflTcctod  by  an  infusiun  of  the  stoms 
of  the  calf  called  ricnnet. 

Plant- casein,  or   Lrgumin,  is  found  chiefly  in  the  seeds  of  }v 
minous   fruits,  from  tho  juiot)  of  which  it  may  bn  prccipitattxi  by 
a«id  or  by  rennet. 
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CtAM  IV. — Fibrin. — Insoluble  in  walor  ;    Bparingljr  soluble  in  dilate 

Acidft  and  alkalit'^i.  and  in  neutrnl  Hulint?  sulutiuiw. 

Tliia  in  th)>  8iiImUii(«  to  whi<*h  thtr  clotting  of  MoikI  is  due.  It  may  he 
obtaine<l  by  wiuUiii|;  Ui>o<l-c!i>t*t,  or  luoro  rfa<iily  by  atirrlng  with  a  btinJlu 
of  twigH,  blwMl  jast  bIiinI,  U-fure  it  ha*  Ua<i  timoto  clot.  Th«»fibrii!,  uliiih 
Adheres  in  layt-re  to  tho  twj>p^,  utny  tb(*n  be  striiipcvl  oir  iLn<l  wiinhnl  till 
perfi-Htly  white.  The  furuintion  of  fibrin  is  duo  to  lh«  uoiitaut  of  Illirino- 
plMHtie  and  librinn>;rnnuB  subHtant-e.  When  these  two  Bulnitani'^Hi  conip  into 
contact  in  any  Uuid,  they  ixnubiue,  quickly  or  slowly,  acoording  to  thu 
gri'jtlt'r  rtr  hfttaer  (funntity  of  eaob  Mulmtanee  in  the  fluid,  to  form  t^hriu. 

Kilirin  dtlleri^  from  all  o1htT:i<did  proteidh  In  having  a  iJUnit'Ulnii.t  ittruc- 
tur>*,  and  in  posMexsing  reiuurkHblvi  ida«tioity.  It  i»  inbniuble  Ui  water. 
diliUe  hydrix-iiloric  aciil,  and  aqii«*ons  mMliutn  chloride,  hut  dift»olvoa  at 
4if^  ('.  (ItM"^  F.)  in  aqueouH  {Hitasitinm  nitrate. 

PInut-fibriu  OL-nirs  us  an  insolubU*  ^-ulntanve  in  plants,  csptwially 
in  the  Hf*e(l8  of  i^eri'al  grtiti^iett.  When  uhi<;it-llo[ir  iri  stirred  up  to  a  paale 
with  water,  and  kneaded  for  aouiu  time,  the  starch  graiinlea  and  Bolubltt 
Albumin  nrert^inorcd,  and  tbi-re  remains* a  ttinaeious  nuus  called  g  In  tnn  ; 

d   by  boiling  ibid  sulialanee  with  dilute  alcohol  to  remove  vegetable 

latin  (j^luteu)  an<l  extracting  tlie  falit  with  ether,  the  plant-librin  Ib 
obtained  in  the  furm  of  a  grayirfb-whitr,  tuugh,  einstie  nia.s».  It  d)s»olvi^>ig 
in  very  dilute  by<^Jr»itbloric  aeid,  and  in  dilute  alkalie.s,  and  iti  preeipitated 
fr<«n  thcHi'  Kolutiims  by  neutral  saltji,  mid  by  ncetiu  acid.  By  boiling  with 
ddiiW'  riiilpbiirio  avid,  plant-dbriu  ia  resolvod  into  leucine,  tyrosine,  and 
glutauiie  acid. 

Clam  V.  Coagulated  Proteld.^Cnagnlatod  albumin  in  formod  from 
ftlbuniin,  flyntniiiii.  littiin,  myosin,  etc.,  by  heating  their  neutral  fudntions 
to  iKMliiig.  or  by  tlie  judiun  of  aluobaU  ]{gg  albumin  irt  aUo  cbnngi'd  into 
cOHgolftli'il  allmiiiin  by  strong  bydroehlorle  acid  and  !>y  ether.  The  flll»u- 
roinate^i,  and  nUrj  L'a:{oin,  when  preeipitatiHl  by  neutrali/ntion,  pans  into 
coagulated  albumiti  Hlien  hentud.  The  coagulated  albuminous  feulmtaneiis 
are  Jn.<(<>liiliK>  in  wati^r,  altTOhttl,  and  other  inditferent  fluid.>),  acarnrly  solu- 
ble in  dilute  jKitn.sh,  soluble  with  grfnt  dilfieiilty  in  amimmia.  In  aoetio 
acid  tbi!y  NVVtdl  up,  and  griidiiiilly  dissolve.  Tht-y  are  miwlly  inKnlublc  in 
diluli^  bvilrochhu-ic  acid  ;  but  when  pepsin  Ik  also  prenent  at  blood  bent, 
they  rhnuge  first  into  syntoiiin,  and  then  into  peptone.  They  are  dis- 
wdved  by  strong  hydrochloric  acid,  and  by  caaatio  poUiah  thny  ar«ohang«d 
into  albunuiiau-!«. 

Class  Vi.  Feptonos.— By  the  action  of  tho  arid  pafitrio  juice,  all  albu- 
minourt  aiilwtamo  are  changi^d  into  tHidii-s  cnlb-d  peptones.  These  are 
fuuud  only  in  the  tdomaeb  tiiid  in  ihi>  rontiMilH  nf  tb«<  small  intwdim*. 
Thtty  can  no  hmger  Iw  deteet.-d  in  the  chyle.  They  are  highly  dlfTuBihUt, 
easily  soluble  in  wati-r.  insoUibb*  in  nb-obol  or  ether  ;  but  abMdiol  >ieparales 
theni  with  dilDciilty  from  thi-  wali'ty  s<iIiilion  ;  when  pri-cipitated  they 
renuiJM  unchang.xl  even  aftfr  iMijllng.  They  are  not  preeipitated  either 
by  Ri'ids  or  by  alkalirs.  Amtic  ncid  and  iKHassium  ferrocyanidr  give  no 
prei-ipitate  ;  but  txtrrottivo  aubllmato  and  load  acetato  with  ammonia  giro 
prcHjipitates. 

The  reactions  of  the  Boveral  proteids  abore  described  may  be  tabulated 
as  follows : — 

Soluble  in  water : 

Aqut>ouH  solutions  not  coagulate<1  by  boiling        -         .     Pwtoxks. 
Aquivmit  ftolutiouK  eoagulatinl  by  boiling      .         .         .     Albchinh. 

In»duble  in  waler : 

S<duble  in  a  1  p.  c,  solution  of  aodtum  chloride   .  ni/iBruxKB. 
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luaoluble  : 

Soluble  in  hydroohloiio  aoid  (0,1  p.  c.)  in  the  euld 

Soluble  in  hot  spirit         »         .         .         .         . 


\        ALHPMIX. 

i  AOID- 

\       XLBTMUC. 


Insoluble  in  hot  ipirit 

Insoluble  iu  hydrochloric  aoid  (0.1  p.  e.)  In  the  cold 

3ol)ibl«>  iu  hydnK-hlorio  acid  (0.1  p.  c.)  at  dtlO.         .     Fibriv. 
IuB<^Iuhl«  in  byUrochloric  [ax:)d  (O.l   p.  c.)  at  60O;  j  CoAOCLATSft^ 
insoluble  in  strong  acids ;  aolable  in  goatric  juice  \     xuirniit. 


SvbtUMteM  rtUittd  to  the  Ptol^da, 

Hsexnoelobln,  54.2  oxjgen,  7.2  hydrogen,  0.42  iron,  16.0  nitr>  en, 
21.0  ifxygrn,  and  0.7  fiulphur  ;  alao  called  Ilirinatoijlofiulin  and  Utrtttatocry- 
tnftin. — This  tsul>Ktauoe  forms  th«  chiff  part  of  tlie  rvd  globulra  of  the 
hliMMi  of  vert<-brata ;  uRually  it  is  oblaint^l  in  an  fl.ini)r]>hou8  o^ndition, 
but  from  the  blood  of  Bi>mti  animalH — as,  for  exnmplft,  riot's,  cat«,  tats^ 
mict',  and  many  li»li — it  can  be  separated  in  the  cry^italline  form.  R*Ni 
crystals  can  ha  obtained  from  dog's  blood  by  mixing  tho  defibrlnuiLwl  blood 
with  an  equal  quantity  of  water,  adding  1  vohune  of  alcohol  to  4  rolum(*a 
of  the  dilutfrd  blood,  and  lea%*ing  it  At  rest  at  llOor  lower.  Afl^tr  'M  honri 
tl)e  hemoglobin  separatua  in  Biimll  violel-r*^  rhombic  ortohedruuii.  After 
drying  over  sulphuric  arid  it  ftirni-H  a  briuk-reil  powder.  It  dbtftolres  in 
oold  waiter,  forming  a  red  solution,  from  which  it  is  prectpitattHl  in  thH 
crystalline  form  by  alcohol.  At  ordinary  tempefatures  the  solution  du- 
oorop«)»e8  and  turns  brown. 

Tho  aqueous  solution  of  hemoglobin  (or  of  Mood)  exhibits  in  its  specv 
trum  two  absorption- baitds  situated  between  the  Fraue>nhofer  tinoa  D  a 
K  (in  the  yellow  and  green). 

Haemoglobin  unites  with  certain  gases  forming  p«oaliar  nnstable  co 
pouniia.  The  solution  (xmtnining  oxy^t^n  ha.s  a  de^'p  red  color;  thesulu- 
lion  free  from  oxygen  is  dark  purple  (art4;rial  and  venius  blood):  tlie 
absorption-bands  are  exhibite^l  ouly  by  the  oxygenated  solution.  CarU'U 
monoxide  displaces  the  oxygen,  and  forms  with  the  hipmoglobin  n  cem- 
I>ound  which,  on  addition  of  alcohol,  separates  in  blaiHh  crystals:  this 
appears  to  be  the  cause  of  the  deleterious  action  of  corboa  monoxide  on 
animaU. 

Oxygenated  haemoglobin  is  reirolved  by  dilntc  acids  or  alkalies  into  two 
protoids,  fatty  aeirls,  and  a  coloring  matter  called  he  ma  tin,  which  in  the 
dry  state  is  a  dark  blue  powder,  ft  contains  9  per  cent,  of  iron,  and  ap- 
peani  to  haTe  the  composition  CwH^FeNjOj . 

When  hiemoglobin  (or  blttod)  is  wanned  with  strong  acetic  acid  and 
flolation  of  common  salt,  a  sulHtsnce  cqIUmI  hemin  separates  in  yellnw- 
ish-red  microseopiu  rhombic  crystals,  tbo  formation  of  whluh  senrcs  as  a 
delicate  indication  of  the  prosence  of  blood. 

Related  to  the  proteids  are  att>o  many  ferments,  snch  as  emulsin  or 
synaptase,  occurring  in  almonrU  ;    diastase   (p.  632),  which  is  formad 
from  vegetable  fibrin  in  tlie  germination  of  seeds,  and  is  characteriaed  Ir 
tbe  [troperty  of  eimverting  Htarch  and  dextrin  into  sugar  ;   my  rosin  fro 
mostord-seiKls   (p.  &47);    plyolin.    the  ferment  of  Halira,  which   all 
converts  starch  into  dextrin  anri  Hugnr  ;    pepsin,  whirh  Ih  oontaintwl 
gastrie  Juice,  and  posseasea  the  power,  in   onnjouetion  with   hydrochlui 
aeid,  of  dissolving  the  insoluble  proteida  and  converting  thcsn  Into  pe] 
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Haein  ia  the  diief  couittUucnt  of  aulmal  mucas,  and  is  precipitated 
bj  alcoliul  ami  dilute  aeutic  acid. 

TUtt  horn/  hu  liinta iii- ca  of  horns,  nails,  honfs,  hairs,  frathors,  and 
tho  o[>i»l»Tiiii3,  an;  aItM>  nearly  rWat.Ml  to  thi*  proteidn,  having:  ind'H^i  the 
same  coiii]M»sition,  except  that  llio_v  w)ntain  mort^  tttilphiir  (11— »'»  p.  c). 
Thi*y  dissulvf  easily  in  alkaliod,  with  funnation  of  sulphides.  Nitric 
acid  turns  them  yellow.  Bulled  witli  dilute  eulpliuriv  acid  they  yield 
leucine  and  tyrotiiutt. 


I       leucine 

U 


Brain  Constituents. 


Wh«n  brain  or  apinal  marrow  is  lioil«d  with  water,  creatin«t,  inoaile, 
lactic  acid,  uric  acid,  and  oth'TAubstances,  it  dissolves,  and  from  the  resi- 
due etlu-r  oxtriictM  fats,  choU-nterin  (p.  Ht?t>),  cen-brin,  and  IfCiUiin.  On 
cooling  the  rtolution.  the  two  latter  sulMtntu^*s  are  DrMt  dr^posited,  and  may 
be  Moparated  by  oold  ether,  wliich  dis»olve8  only  iho  tecithiu.  The  w> 
cftlb'd  jiroia'jou  is  a  mixture  of  ccrebrin  and  iKcitliin. 

f  Cerebtin  <*r  Cerebrio  Aoid,  (',,1133X0,,  is  a  light  amorphous  powder, 
without  taste  or  siiu-ll  ;  hwl'IIh  up  like  atarcli  when  boileil  with  water,  and 
is  converted  t>y  boiling  with  dilute  acids  into  a  saccharine  rjubfitance,  and 
other  pnxluots. 

Lecithin,  r„HmNPO,,  iawidtdy  diffused  in  the  animal  nrpaniera,  occur- 
ring *'«peLially  in  the  brain  nervi"?*, yolk  of  egga,  blood-oorpujtcli-!!.  etc.  Itta 
Ix'st  prepanii  by  exhausting  egg-ytdk  with  a  mixture  of  alcoliol  and  ether, 
evaporating  tlii'  ether,  mblin^  an  alcoholic  nMntinn  of'platinic  ehlorjde, 
decivminwini;  tlif*  y»'llow  plalinncblohdf,  (C^lIjaNPOjCljj.PtClj,  with  hy- 
drogen «utplii(ie,  niiiil  evajKiralinj;  the  filtrate. 

Lecithin  i.i  a  waxy,  indirftinc-tly  i-ryHlalliue  mass,  which  dissoWes  in 
alcohol  and  ether,  mil  MvelN  up  in  water,  furminp  an  opab^ei'nt  Holutinn 
or  eniulsioti,  from  wlnicli  it  i.'*  preeiititale<l  by  various  salts  of  tlie  alkali- 
metalg.      It  unites  bitth  with  basi-»  nnd  with  ftH«|s. 

By  boiling  with  nriib,  or  with  baryta-wnler.  lecithin  Is  ri<8olvod  Into 
choline,  glyceruphotiphurio  acid,  paluiiliu  acid,  and  oleic  aoid. 
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HYDUOMKTKR  TABLES. 

^M 

OOBIPABIBOM    or    TBS   UE0BM8    07    SAUMs's    BTDBOMBTSB    WITH    TOB  BKAL      ^| 

flJ>KCiriO    UBAVlTlBe. 

^1 

1.  Far  LiqttuU  heaoier  than  Water. 

I 

IVgTWi. 

Gmvltj. 

Ihvwm. 

BprclUc 
Omvlty. 

Vtgnm. 

52 

fljwclflc 
Omvtty. 

1 

0 

1-000 

2« 

1-206 

1-520 

1 

1-007 

27 

1-216 

58 

1-535 

■ 

2 

1018 

28 

1-225 

64 

1-551 

■ 

3 

1-020 

20 

1-236 

65 

1-567 

^ 

4 

1U27 

30 

1-245 

66 

1-583 

6 

1-034 

31 

1-256 

67 

1  tiU) 

J 

0 

1-041 

32 

1-267 

68 

l-UIT 

^^ 

7 

10 18 

33 

1-277 

69 

lt;34 

^1 

8 

1-050 

34 

1-288 

00 

1-652 

^1 

y 

i.oi;3 

35 

1-299 

61 

1-670 

^1 

10 

1070 

3fl 

1-310 

62 

itwy 

^1 

11 

1-078 

37 

1-321 

6S 

1-708 

^1 

12 

1-085 

38 

1-338 

64 

1-727 

^1 

IJ 

1094 

89 

1  -845 

65 

1-747 

^1 

14 

1101 

40 

1  -357 

60 

1-767 

^1 

15 

MOD 

41 

1-369 

67 

1-788 

^1 

16 

M18 

42 

I  -381 

68 

1-809 

^1 

17 

M28 

48 

1  -395 

69 

1-831 

^1 

18 

1  134 

44 

1-407 

70 

1B54 

^1 

19 

M4a 

45 

1  420 

71 

1-H77 

^1 

20 

Mo2 

40 

M3J 

72 

M*00 

^1 

21 

1  160 

47 

1-448 

78 

I  •:)44 

^1 

22 

MflO 

48 

I  -462 

74 

1  ^t49 

^1 

23 

1178 

4(1 

1-476 

75 

I  074 

^1 

24 

11H8 

50 

1-41*0 

70 

2000 

^1 

25 

1197 

51 

1-495 

1 

1 

L 

895 

J 

1 
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2>  Baumf*  ffydromeler  for  Liquid*  lights  than  Water. 


'•4i~ 

apwiae 

OraTllj. 

Dv««. 

Gnvlt/. 

ItaCRC^ 

Oruvii/. 

10 

1-000 

27 

0  6'.>« 

u 

0-811     M 

11 

0U98 

28 

OSUO 

45 

08.17  m 

12 

0-980 

29 

0886 

46 

0-802 

18 

0-080 

JM) 

0-880 

47 

0-798 

U 

Oi»7S 

81 

0'874 

48 

0-794 

16 

0!»07 

82 

0-869 

49 

0-789 

iU 

0-060 

83 

0-804 

60 

0-785 

n 

O-M-l 

84 

0-859 

51 

07H1 

18 

0«4« 

S6 

0-864 

62 

0-777 

10 

O042 

80 

0-849 

63 

ona 

iO 

0-ft3« 

87 

0W4 

64 

u-7ii8 

21 

0-»30 

88 

0-839 

66 

0-704    M 

22 

0-924 

80 

0-834 

60 

o-7e.o  ■ 

2a 

0-918 

40 

0  830 

67 

0-767    ■ 

24 

oni3 

41 

0S26 

68 

0-758    ■ 

26 

0-907 

42 

0820 

69 

0-749    ■ 

2ti 

0-901 

48 

0816 

(50 

0-745    ■ 

Tlieiie  two  tjkblcs  nr«  on  llio  authority  of  Frftnocrnr  ;  Ihvy  nrp  taken  trot 

llir  Iftsu'lmlrterhueh  drr  Cbmtir  of  LU'big.  Poggendgrff,  and  Woliler.  Itnuniti's 
hjdroinetor  is  very  commonly  n»cd  on  the  Continent,  enpeciitlly  for  lic|iiids 
honvicr  ibnu  water.  For  lighter  liquids  the  hydrometer  of  Cartier  ih  ofli-n 
employed  in  Frnnoe.     Cariipr's  degreea  differ  lint  Utile  from  lho«e  of  Il»nm4- 

fn  the  United  Kingdom.  TwHddoirs  hydrometer  is  a  good  deal  iiited  for 
dcnf^e  liquidv.  Thi>f  iai!itrunK>nt  is  so  ^rradiuited  that  the  real  tpccific  prav- 
ily  can  be  dcdnced  by  an  extremely  simple  method  from  the  degree  of  the 
bydrnmelcr;  namely,  by  multiplying  the  latter  hy  5,  and  adding  1000:  the 
purn  is  the  spoeific  grurily,  water  beinft  I'^IO.  Thus  tf>°  TwndfUo  indioates 
m  upceific  gruvity  of  WiO,  or  1  Oo  ;  in)"  Twaddell.  H^jf).  or  1-46. 

lu  the  Customa  nod  Excise,  Sikes's  bydrumctcr  id  usod. 
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TABLE  HI. 
Abstract  or  Rbg^iaclt's  tablb  or  the  MAxivric  tkssiox  or  watkr-tai 

AT  PrrKEKlCKT  THMFEKATIUKM,   RJU'IUCSHXII  i:(  XIUJHETKnif  OV  UEBCl'RY, 


TempcnttUK. 

Tenvlon, 

nllUmetcn. 

1 

TempeMluM. 

Teulon, 
■illllawtvni. 

—  320  C. 

—  25.60  F. 

0.320 

loooc. 

2120  F. 

760.000 

ai) 

2i.O 

0.38U 

105 

221 

90ti.4IO 

33 

13.0 

0.U05 

110 

230 

li'7.V370 

80 

4.0 

0.fl27    1 

115 

239 

J2ri!*.410 

15 

+     5.0 

1.400 

120 

:^id 

1491.2M) 

10 

14.0 

2.093    1 

125 

257 

1743.8W» 

5 

2;i.i» 

3.113    1 

130 

2t;(i 

24^30.280 

0 

32.0 

4.600    1 

i:i5 

275 

2353.730 

+    5 

41.0 

6.5:u 

140 

284 

2717.G30 

10 

50.0 

iMtJS 

145 

293 

3I25..'i5 

15 

5:).0 

12.HUU 

150 

303 

3581.23 

20 

t5t*.0 

17.391     1 

155 

311 

40HM.5t> 

25 

77.0 

23.551)    1 

OtK) 

32<» 

4051.62 

30 

Sii.O 

31.54ft 

1116 

329 

6274.54 

35 

{15.0 

41.827 

170 

338 

69til.66 

40 

10-4.0 

54.0ii« 

175 

347 

6717-43 

45 

ii;j.o 

71.301 

IHO 

3.'ift 

7546.39 

50 

122.0 

91.982    , 

185 

3(;d 

8453.28 

55 

131.0 

117.47ft 

190 

374 

9442.70 

60 

140.0 

14fl.79l 

]f)5 

383 

10519.63 

tfS 

14».0 

180.945 

200 

392 

IHtHR.Dii 

70 

15H.0 

2:}3.n93    1 

205 

401 

|29rir>.(Ht 

75 

1«7.0 

288.517    1 

210 

410 

HHIM.HII 

80 

176.0 

354.643 

215 

419 

158(11. :u 

85 

185.0 

433.rm 

220 

428 

17390.36 

90 

1I»4.0 

626.450 

225 

437 

19097.04 

95 

203.0 

833.778 

230 

4411 

20926.40 
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irKIGOTS   AND    iMEASORES 


490  0  gnim  Troy  =  1  ox.  Troy. 

4375  **  =1  o».  ATomiapriJf, 

70UO0  •*  as  1  lb.  Avoirdupoiils. 

67tiO-0  "  =  1  lb.  Troj. 


pillon  contains  of  water  «t  CO'^  {I&<'-5C)  70.000-    gnlMT 

{\  of  gjUlqo) 8.750-        '• 

e  (j'j  of  pint)..„ 487-5       " 

The  pint  equals  3166  cubic  inches. 


IWa:^  kiUf^rammf  ^  15,433-6  graina,  or  2-679  Ih.  Troy.or 

2-205  lb.  sToirdopoids. 

Tht  fframmmt        =*  15-4S3C  grnins. 

"    ^Udfirtmnu    =7^    1-54^4       " 

••    ttmltfframmt  ss    0-1&48       ** 

•»    miUigramme  ^    0  0154       ** 


T^»  »*'»»  of  Franco  =  80  117      inohi 

••    tm^mttre  =    0-3***         " 

«    mOSmttrt  =    0  0^34       » 
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M— CC«5«C>••l- 
*-  C-l  O  X-  ■»  "^  ffi  M 
c;  ^-  n  o  «c  -Tj-  .:T  Sk 
t-  '=  ^  Tl  C   X  ^  k^ 

CI  I-  »0  —  «l  O  «  -f 
O  ?1  t^  tC  —  CI  c  * 

*  -  r  M  -  .o  —  - 1  3 

5  5  e  M  1^  '^  —  c-i 
c  5  5  =  rM-».t  — 
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UTWWHJCTION   TO  PRACTICAL  CHEMISTRY.   INCLUD- 

A  ISALTSLS.     SUth  Atuerican,  from  the  »ixtb  Londoa  editima 

iUaitratiopt.     I  vol.  13mo.  ofSdO  pp.     Cluth.f2  26.' 

mAjrVAL  OF  STTRGICAL  ANATOMY.     With  nooi.roQa 

».  Uaoaro^allSmo.vol.    Clotb,  $2  25.    (lMifiyi$$n*d.) 

■KC      IMPRESSIONS  AND  EXPERIENCES  OF  TBB 

*^Bt^.      t  *ot.  ro^al  12ina.     Cloth,  76  oeou 
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BRTAHT  (THOMAS).  THK  PRACTICE  OF  6UR0BRT.  Smond  Am. 
frnni  8ennn<l  Entrlioh  RdUinn.  In  one  hAn<liicim(t  flvo.  to?,  of  ov^r 
lOltOpp  .wilh«72il1u«t.     Cloth,  •«. 00;  leather,  $7  OO.     [Jtist  rtojf^  ) 

BAAKES  (HnBBHT).  A  PRACTICAL  TRBATISE  ON  THE  DIS- 
EASH8  0F  WOMliiy.  8«oonfl  Amerioan.  froa  Seeou.l  Rnglirh  KUd. 
In  on**  haoHfoiaevSvo.  vol.  ufftboatTSI  pBKVu.wilh  Ifll  illuslralioDf. 
elotb,  44  60  ;   leather.  $i  !iO      {Jutt  i$*v«4  ) 

B&BHE8  (FANCOUlTi.  A  MANHTAL  OF  MlDWtPRY  FOR  MID- 
WIVES.  In  one  neat  rojal  ISmo.  toI.,  wltb  nuoiaroai  illuatra- 
ttoDB.     Clotb,  tl  2&.     {Sow  Rfgdy.) 

BURKETT  (CHARLES  H.)  THE  EAR:  ITS  ANATOMY.  PHYfil- 
OLOUY.  ANfJ  IIISEASKS  A  Pmcticnj  Trenti»»  for  tliv  Um  of 
Siuilitntancid  Practiticnera.  lo  r>De  hondprme  8vo  vol-  of  Old  pp.. 
with  HT  illu(>tralion9.     Cloth    S4  50  j  lealhrr,  %b  50. 

BL^NDFORD  (Q.  FIELDrKO).  INSANITY  AND  ITS  TREATMENT 
With  HO  Appendix  of  the  laws  in  force  in  the  Tnited  Stnteit  on  'hi 
Confloetuenl  of  the  Inaanr,  by  Dr.  Isaac  Ray.  la  oae  hAitdaoine  8vo. 
Toi..  of  471  p&gen.     Cloth.  $3  26. 

CHARCOT  {J.  M.)    LECTURES  ON  THE  NERY0C8  SYSTEM.    With 
Illuntratlone.     Pnhlithing  tn  tht  Mtniieat  Ntwt  and  Liirary. 
CLASSEN'S  QFANTITATIVB  ANALYSIS.     Tr(»n<lated  bj  BdKar  F. 
Pinith.  Ph.D.    In  one  bandDomn  12mo.  vol.  floth,  |S.    (Jmst  i^ttn^.) 

CARTER  (R  BRUDENELL).  A  PRACTICAL  TKRATIPE  ON  PIB. 
EASES  OF  THE  EYE.  With  ftdditiona  and  Utt  type*,  by  John 
Oreen,  M  D.  In  one  haodtoine  Bvo.  vul.  of  nbout  &0(l  page*,  with 
124  illuBtrfLtioDs.     Cloth,  $.1  75. 

CHAMBERS  (T.  K.)  A  MANUAL  OF  DIET  IN  HEALTH  AND 
DISEASE  In  one  hnndaume  notjtxo  volutno  uf  XIO  (MK«a.  Clotk, 
S3  76. 

RESTORATIVE   MRmCINR      An    HttrvaUn    Annual  Ornllon 

deliv«*red  at  the  Koyal  Colloid  of  PItyilulani,  Itondoit,  June  3  I,  1B7I, 
In  oneaainll  I2ido    volume.     OInih,  SI  00 

COOPER  (B.B.)  LECTURnsONTHKPRINCII'LKH  ANDPRACTICl 
OK  SrUUKKY.      In  onti  Urije  Hvo    vul.  of  7ftU  |ukg«<i      Cluth,  $2  OS. 

CARPENTER  (WM.  B.)  PRINCII'LKS  OK  HUMAN  PIIYSlOLOtjy, 
A  new  AineriQAn,  frnm  the  Klf^hth  KnKllsli  Kdlllun.  In  one  lnr|[e 
Tol.  8to.,  of  108.t  pagm.  With  .17.1  Itluntretloni.  Cloth,  S6  M>| 
leather,  niiied  band*,  S'^  AO.      {l.tUftf  %»tu»ti.) 

PRIZE  ESSAY  ON  THK  USE  OF  ALCOHOLIC  LIQUORS  IN 

HEALTH  AND  DISBASR.     New  RiHiIuii.  with  a  Pr«rBee  by  D.  F. 
Cundir,  M.D.     I  vol.  ISino,  of  ITKpaft*'*     Cloth,  00  «enta. 

CLELAND  (JOHN!      A     DIRKCTOHV    FOR  THE    DISSECTION  OF 
THE  HUMAN  BODY.     In  une  nwnll  myul  l2ino,  vol.    Cloth,  fl  Jft. 
CENTURY  OF  AMERICAN  MEDICINE  —A  HiitToitr  or  McniciMH  in 
Amkrica,  l77(l-IH7ft.     Id  one  royal  I2nio  vol.  of  365  pages.    Cloth 
%2  25. 

CHURCHILL  (FLEETWOOD).  ON  THE  THEORY  AND  PRACTICE 
OF  MIDVV1FKKV.  With  notei  and  addition*  by  D.  FrancU  Condte. 
M.D.  Witt)  Jihniit  200  iljuntratlone.  In  one  handflome  8vo.  Vol.  of 
nearly  TOO  pa^eii      Cluth,  %i  ;  leather,  %b. 

ESSAYS  ON  THK  FUKHPKRAL  FEVER.  AND  OTHER  DIS- 
EASES PECULIAR  TO  WOMEN.  Id  oue  nest  ocUvo  vol.  of 
about  460  pa^vi.     Cloth,  $2  60. 

CHADWICK  (JAMBS  B)  A  MANUAL  OF  THK  DISEASES  PECU- 
LIAR TO  WOMEN  Id  one  n»t  rojral  12mo.  vol.  With  illuatra- 
tione.     {Prrpuriug) 
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MCMOMf^THATIoyg    irC    ANATOMT, 

til    Rnilj  fty  Dtlt4«f  linn. 

1       IlluHtrfttol  li^  2i 
1* '^>  ...1.1  u.-jn-  :ivM    roJ.  uf  ovtr  TOO  p| 


HBNRY  0.  LKA'S  PHBLICATIONS. 


EMMET  tTHOMAS  ADDIS).  THE  PRINCIPLES  AND  PRACTICE 
OF  aVN.£COL0QY,  for  Ihn  nve  of  Madenln  und  Prncttitionerii.  In 
line  tar^e  hvo.  toI  uf  nearly  900  pp.  and  more  tbftii  HID  original  illoi* 
IrntioDfi      Clolh,  $6  00;  l««tb«r,  $'1.00.     (iVtfff  lUady.) 

EaiCHBliN  (JOHN  E  )  THE  8CIEN  E  A  ND  AKT  OF  SCrRUERV 
A  new  and  improved  Amertoan,  frum  the  Seventh  enlarged  nnd 
retieed  London  edition.  Revised  by  the  Author-  Illustrated  with 
863  engravingR  on  wood.  In  (wo  iurge  8ro.  rols.  Clolh,  $H  60  ; 
lenther,  raijied  band*,  $10  iO.      (Juft  ttautd.) 

ENCYCLOPEDIA  OF  GEOGRAPHY.     In  three  Urge  8to.  vols.     Illui- 
trotf  d  with  S.S  mapti  and  about  1 100  wood-cuta.     Cloth.  %b. 
FNI.AY80N    {JAM>S1      CLINICAL    MANUAL   FOR   THE    STUDY 
OF  MEDICAL  CA^CB.     In  one  handsome  8ro.  toL  with  numerous 
illu^l^ationl).      Cloth,  tS  63.      {Jitit  usHod.) 

FOTHERGILL'S  PKACTIT10NEH8  HANDBOOK  OFTREATMKNT- 
In  one  handsoine  8ro.  Tol.  of  about  &60  pp.  Cloth,  $4.   [JMitittitfd.) 

ON  THE  ANTAGONISM  OF  THERAPEUTIC  AGENTS.     Id 

one  neiit  ISno.  tuI.  of  about  200  pages.      Cloth,  91.      (.Aiutf  it$ii*d.) 

FAB4DHARS0H  ^ROBERT)  A  GUIDE  TO  TilKRAPEUTICS. 
Becond  American  edition,  revised  by  the  iuthor.  Edited,  with  ad- 
dition*, embrauing  the  U  fi.  Pharmncopceia,  by  Frank  Wuodburj. 
M.  D.    In  one  neat  royal  13mo.  Toluene.  Cloth,  $2  lb.    {Noir  R§aity.) 

FENWICK  (SAMUEL).  THE  STUDENTS'  GUIDE  TO  MEDICAL 
DIAGNOSIS.  From  the  Third  ReviKo<l  and  Enlarged  London  Edi- 
tion.     Id  one  vol.  royal  I2mo.     Cloth,  $2  25. 

FLETCHEB'8  NOTES  FROM  NINEVEH,  AND  TRAVELS  IN  MESO. 
POTAMIA,  ASSYRIA,  ANDSYKIA.  Inone  12mo.  vol.  Clolh,  76oli. 
FOX  (TILBURY).     EPITOME  OF  SKIN  DISEASES,  with    Forraulv 
for  Stadentsand  PrAotitioncrs.     Second  Am.  Edition,  revised  by  the 
author.      In  nne  small  l2mo.  vol.     Cloth,  $1.38.     {Nov/ rtady  ) 

FLINT  (AUSTIN).  A  TREATISE  ON  THE  PRINCIPLES  AND 
PRACTICE  OF  MEDICINE.  Fourth  edition,  thoroughly  revi«d 
and  enlarged.  In  one  large  8ro.  volume  of  1070  pages.  Cloth.  $S  ; 
leather,  railed  bandii,  $7.     {Ijittiy  \$9HtdA 

CLINICAL   MEDICINE.     A   SYSTEMATIC  TREATISE  ON 

THE  DIAGNOSIS  ANU  TREATMENT  OF  DISEASE.  Detigned 
for  Student*  atd  Pracittioneri  of  Medicine.  In  one  handsome  Uro. 
vol.  of  about  000  pnges.      Cloth,  S-i  dO.      {Now  Ready.) 

A  PRACTICAL  TREATISE  ON  THK  PHYSICAL  EXPLORA- 
TION OF  THE  CHEST,  AND  THE  DIAGNOSIS  OF  DISEASES 
AFFECTINGTBK  RESPIRATORY  ORGANS.  Second  and  revised 
edition.     One  Hrn.  vol.  of  h^h  pAR«a      Cloth,  $4  50. 

APUACTICALTHEATISEONTHE  DIAGNOSIS  ANDTREAT- 

MENT  OF  DISEASES  OF  THE  HEART.  Seooudedition, enlarged. 
In  one  neAlKro.  vol.  of  over  500  pages,  $4  00. 

ON  PUTIUSIS:  ITS  MORBID  ANATOMY.  ETIOLOGY,  rtc, 

in  a  svriea  of  Clinical  Leoturea.  A  new  work-  In  one  handsome  8vo. 
volume.     Clolb,  %'.i  50, 

-  A  MANUAL  OF  PERCUSSION  AND  AUSCULTATION;  of  the 
Physical  Diagnoiii  of  DUea«ej  ofthe  Lungs  and  lloarl,  nd  of  Tho- 
racic Aneurism.  In  one  handsome  royal  12mo.  volume.  Cloth, 
$1   75. 

MKDICAL  ESSAYS      In  one  nenl  l2nio.  volume.     Cloth.  $1  38. 


iOWNE8(OEOBGE),  A  MANUALOF  ELKMENTARYCHEMISTRY. 
A  new  Amerloan,  from  the  enlarged  English  edition.     In  one  --— * 
12tDo.  vol.  of  over  1000  pages,  with  177  illustralloai,  dd'' 
ered  plate.    Cloth,  $2  7ft  \  Uftthvr,  $8  25,     {J%ut  iuu$A 
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F0LLEE  (EBNBT).  ON  DISEASES  OF  THE  LUNGS  AND  AIR 
PASSAGES.  Tlw-ir  Pathology,  Phyiioal  Dtjiptioiris,  Symptom*,  Mnd 
Trenlinent.  From  iht  eecond  English  ediltoD.  In  on*  8to  toI. 
of  About  6O0  pftgey.     Cloth,  S3  60. 

GALLOWAY  (BOBKET)  A  MANUAL  OF  QDALITATIVB  ANAL- 
YSIS.     Id  une  12tiio.  rol..  cloth.  $2  TS. 

GLOGE  (GOTTLIEB).  ATLAS  OF  PATHOLOGICAL  HrSTOLOGY. 
TrjiDslnted  by  Josaph  Lcidy,  M.D.,  ProfeMor  of  AnMomy  in  th« 
Univaniiy  of  PeoDtjlTRDia,  Ac.  In  ooe  vol.  imp*riAl  qoArto,  with 
320  ODpperplnte  fignrcs,  pluin  a-nd  colored.     Cloth,  $4. 

GBEEN  (V.  HENEY1  AN  INTRODUCTION  TO  PATHOLOOY  AND 
MOnniD  ANATOMY.  Third  Amer.,  from  the  fourth  Loud.  Ed. 
lu  one  handiioma  8vq.  vol.,  with  nomrrouf  illust.    Clolh,  f3  2^. 

GEAY  (HEHBY).  ANATOMY.  DESCRIPTIVE  AND  SURGICAL. 
A  nrw  Amerioan.from  the  eighth  and  enlarged  Lftodun  •ilition.  To 
which  is  added  IIold«n>"Lftndmurkit,  UedtcAlittid  Sargioul."  In  one 
large  imp«rinl  8to.  vol.  of  oearly  1000  page;,  with  522  large  and  elabo- 
rttto  engrftvingd  on  wood.     Cloth,  $6;  Ic-atber,  ST.      iJutt  (ixwn/.) 

GRIFFITH  (ROBERT  E.)  A  UNIVERSAL  FOn.MULARY,  CON- 
TAINING THE  METHODS  OF  PREPARING  AND  ADMINISTER- 
ING OFFICINAL  AND  OTHER  MEDICINES.  Third  and  EnUrgvd 
Edition.  Edited  by  John  M.  Mniiich  In  one  Urge  Sro  col  of  600 
pkgM,  double  columns.     Cloth.  $4  50;  lenther,  %!>  50. 

GBOBB  (SAMUEL  D.)  A  BYf^TEM  OF  SURGERY,  PATHOLOGIC  AL. 
DIAGNOSTIC.  TUKRAPEUTIC,  AND  OPERATIVE  Illui-lrnted 
by  1403  engraring*.  Fifth  aditioo,  revigad  and  improred  In  two 
Urge  imperial  8ro.  vols,  of  over  2200  pag«i,  nrongly  bound  in 
Iniiher,  raised  bands,  $15. 

GROSS  (SAMUEL  D.)  A  PRACTICAL  TREATISE  ON  THE  DIS- 
eu9«a,  lojaries,  liDd  Malformationt  uf  the  Urinary  Bladder,  the  Pro*- 
tnte  Gland,  and  the  Urethra.  Third  Kdition,  tboruoghty  Bevised 
and  Condenred,  by  Samuel  W.  Groas,  M.D.,  Surgeon  to  tha  Phila- 
delphia Hospital.  In  one  hadvome  octaro  rolnme.  with  about  two 
hundred  illuairations.     Cloth,  $4  50.      {I^ttly  ismt^i.) 

A   PRACTICAL  TREATISE  ON  FOREIGN   BODIES  IN  THE 

AIR  PASSAGES.     In  one  Svo.  rol.  of  4fl8  pngea.    Clulh.  »2  75. 

GIBSON'S  INSTITUTES  AND  PHACTICK  OF  SURGERY,  IntwoSro. 
Tolfi.  of  about  1000  pogev,  leataer,  $<t  50. 
G0B6EUN  (L)  CLINICAL  LECTURES  ON  SURGfSRY.  Dellrerad 
at  the  Hospital  of  LaCbariti.  Tranitlated  fnim  Ibe  French  by  Lewis 
A.  StimiDD,  M.D.,  Surgeon  to  the  Pr»hyterinD  Uoi|>iial,  New  York 
With  iltuRtrationa.  In  one  handione  8ro.  vol.  of  350  pag«9<  Cloth, 
%•!  50.      {lately  ii*tu,i.) 

HAMILTON    (ALLAN    McLANE).     NERVOCS   DISEASES,    THBIB 
DESCRIPTION  AND  TREATMENT.     In  one  handaone  Sro    vol. 
of  512  pogeB.  with  iti  illustratloua.     Cloth,  $3  50.      (J^-ir  >r«HA/.)   ' 
TTEATH  (CHBlSTOPHEh).     PRACTICAL  ANATOMY  ;   A  MANUAL 
■U.    OF  DISSECTIONS.     With  addition-,  by  W.  W.  Keen.  M   D.     In  1 
volume;   with  247  illunratioriB.     Cloth,  $3  50;  leather.  $4 

HABTBHORNE  ^HENRY),  Kf^SENTlALS  OF  THE  PRINCIPLES 
AND  PRACTICE  OF  MEDICINE.  Fourth  and  revi«d  edition. 
In  one  12mo.  vol.    Cloth.  S2fl3:  half  bound,  $2  HM     iLait/yi$futd  ) 

CONSPECTUS  v^F  THE  MEDICAL   SCIENCES.      Cumjiriaiag 

MaDuala  of  Anatomy,  Phyntology,  Chcmietry,  Materia  Medtea.  Prac- 
tic*  of  Medicine,  Surgery,  and  Obftctrics.  Second  Edition.  In  one 
oval  12roo.  volanie  of  over  lOOO  pages,  with  477  itiudtraiion*. 
Strongly  bound  in  leather,  $5  00 ;  cloth,  $4  25.     i  Lateitf  MfMW  i 

A  HANDBOOK  OF  ANATOMY  AND  PUYSIOLOOY.     In  one 
a«ai  royal  ISmo,  vn\um%,  «VW  uuuri  S,UKMVt«tlou.    Clotk,  $1  75. 
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ABEBBHOH  (fl.  0).      ON  TBE  DISEASES  OP  THE  ABDOMEN. 

Seoond  Aaierir»a,  frntn  the  third  Knjzilish  edition  In  one  haclsom* 
8ro.  volume  of  over  500  page*,  with  illaBtraliuni.  Cloth,  $3.60. 
(Novr  rratiy.) 

OLMES  (TIMOTHY).  SURGERY.  ITS  PRINCIPLES  AND  PRAC 
TICE.  Id  one  bandsnme  8vo.  Tolume  of  1000  pager,  with  411  llJof- 
trutioDR.    Cloth,  $6;  leather,  with  mined  haodf,  S7.    i1^neiyi4*ntd.) 

AMILTON  (FRANK  H.)  A  PRACTICAL  TREATISE  ON  FRAC- 
TURES AND  DISLOCATIONS.  Fiflh  editioo,  carefully  reTued. 
In  one  handsoine  flro.  vol.  of  83(1  pages,  with  MA  illuMrntioDi.  Cloth, 
$5  75  ;  iMtber,  t&  76. 

OBLTN  (RICHAKDD.)  A  DICTIONARY  OP  THE  TERMS  USED 
IN  MEDICINE  AND  THE  COLLATERAL  SCIENCES.  In  one 
13mo.  volume,  of  over  600  double- coin mned  page*.  Gluth,  $1  &0; 
le»Lber.  $2. 

OLDi!.N  (LUTHER).  LANDMARKS,  MEDICAL  AND  SURGICAL. 
From  the  Second  Engliih  Ediliun.  In  one  rojal  l2mo.  vol.  of  128 
pnges.     Cloth.  HH  ?ent«.     {Lttitly  U»H4d.) 

DSON  (A.)  LECTURES  ON  THE  STUDY  OP  FEVER.  1  vol. 
Svo.,  310  pft^ea.     Cluth,  $2  &0. 

ODOB  ^HDOH  L.)  ON  DIfiKASKS  PRCHLIAR  TO  WOMEN,  IN- 
CLVDINO  DISPLACEMENTS  OP  THE  UTERUS.  Second  and 
revieed  edition.     In  one  Svo-  volume.     Cloth,  $4  60. 

THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRICS.     IIIn«. 

trated  with  Urge  lithographic  plalea  containing  1.S9  figure*  from 
originnt  pbotograpbe,  and  with  nnmerou*  wood-eutn.  In  one  large 
quarto  vol.  of  &60  double-oolumDod  pagei.  Strongly  bound  in  oloth, 
114. 

HOLLAHD  (SIR  HEITBY).  MEDICAL  NOTES  AND  REFLECTIONS. 
From  the  third  English  edition.  In  one  Svo.  vol.  of  abont  600  pages. 
Clotb,  |3  60: 

TrUOHES.      SCRIPTURE   OEOORAPHY  AND  HISTORY,  irifch  IS 
A   colored  mapn.     In  1  vol.  ISmo.     Clotb,  $1. 

HORNER  (WILLIAM  E.)  SPECIAL  ANATOMY  AND  HISTOLOttY. 
Ei;.'hlh  c-«lition.  rerleed  and  modified.  In  two  large  8vo.  vols,  of  over 
luofl  [iiigPH,  ounlaitiing  :tOU  wond-(Mit«.      Cloth,  $5. 

HILL  fBERKELEY).     SYPHILIS  AND  LOCAL  CONTAGIOUS  DIS- 
ORDERS.   In  one  Svo.  volume  of  467  page*.     Clotb,  f  3  25.  • 
HILLIEE  (THOMAS).     HAND-BOOK  OF  SKIN  DISEASES.    Seoond 
Brlition      In  one  neat  royal  12uo.  volume  of  about  :iOO  pp.,  with  two 
plates.     Cloth,  S2  2b. 

HALL  (MRS.  U.)  LIVES  OF  THE  QUEENS  OF  ENGLAND  BEFORE 
THE  NORMAN  CONQUEST.  In  one  handsome  8ro.  vol.  Cloth. 
$3  25;  crimson  clotb.  $2  60  ;  half  morocco,  43. 

JONES  (C.  HANDFIELD).  CLINICAL  OBSERVATIONS  ON  FUNC- 
TION AL  NERVOUS  DISORDERS.  Seoond  American  Edition.  Id 
one  8vo.  vol.  of  348  pages.     Cloth,  $3  35. 

171RKE8  (WILLIAM  8ENH0U8E).    A  MANUAL  OF  PilTSIOLOQY. 

•2^    A   new  American,  from  the  eighth  London  edition.      Cue  vol.,  with 
mnny  illus.,  ISmo.     Cloth,  $3  35 ;  leather,  |3  75. 

KHAPP  (t.)     TECHNOLOGY;  OR  CHEMISTRY,  APPLIED  TO  THE 
ARTS  AND  TO  MANUFACTURES,  with  American  addilionn.  by 
Pruf.  Walter  R.  Johnson.    In  two  Svo.  vols.,  with  501) ill.    Cloth,  $6, 
TTEKNEDYB  MEMOIRS  OF  THE  LIFE  OP  WILLIAM  WIRT.     In 
1^    two  vols.  J2mo.     Cloth,  $2. 


HBNRY  C.  LBA*S  PaBLICATIONS. 


T  EB  fHmraT)  ON  SYPHILIS. 


In  one  Sro.  toI.     Cloth,  $2  9S. 


In  two  8vo.  Tolt.  oroftikrly  IMB 


LEA  (HENRY C.)  SUPERSTITION  AND  FORCE;  ESSAYS  ON  THE 
WAOKR  OF  LAW.  THE  WAOER  OP  BATTLE,  THE  ORDEAL, 
AND  TORTURE.  Thir.l  ediuoa.  thoroughly  revised  ami  mUrged. 
In  one  hanil^nme  roTiil  12tno.  vol.  Cloth,  $2  60.  iJumI  tsMUfJ.) 
TEA  (HENRY  C,  STUDIES  IN  CJUmCH  HISTORY.  Tho  RSb*  of 
J-*  the  Tem)H>ra.l  Piiwer — B«n«flt  of  Cleryjr  —  Exeommnnieation,  la 
one   haDilflome   12ido.  vol.  of  615  pp.     Cloth,  93  76. 

AN   HISTORICAL   SKETCH   OP  SACERDOTAL  CBLIBACY 

IN  THE  CHRISTIAN  CHOBCB.     In  ooe  handiomeMtaro  volam* 
of  602  pagM.     Cloth.  $3  76. 

LINCOLN  (D.  F  )     ELECTRO-THERAPEUTICS.     A  Cond*o«d  Man- 
unl  »f  Medical  E)«utricity.     In  one  oeat  royal  l2mo.  rolauie,  with 
illui^tralions.     Cloih.  $1  60. 
TAHOCHE(B.)     YELLOW  FEVER. 
J->     pnff9.     CloLh,  $7. 

PNEUMONIA.    In  one  Bvo.  toI.  of  500  piigM,     Cloth,  ft. 

LEISHMAN  (WILLIAM).  A  SYSTEM  OF  MIDWIFERY.  Incliid- 
ing  the  DUeases  of  Pregnancy  and  th»  Puerperal  State.  Third 
Americaa,  from  the  Third  Englfth  Bditioo.  With  addicion*.  by 
J.  S.  Piirry.M.D.  lo  one  very  baudaonie  Bvo.  vol.  ofSUU  page*  and 
200  illaatrutioni.      {Jh  Prtts.) 

LAURENCE  (J.  Z.)  AND  KOOR  (ROBERT  C.)  A  HANDY-BOOK 
OF  OPHTHALMIC  SOROERY.  Second  editioD.  reTifvd  hy  Mr. 
Laurence.      With  nomeroue  illai.     In  one  Bvo.  vol-     Cloth,  $2  76. 

LRHXANN  (C.  0.)  PHYSIOLOGICAL  CHEMISTRY.  TranEluted  by 
0«orge  F.  Day,  H.  D.  With  plates,  and  nearly  300  iiluf<trAtion». 
In  two  Urge  8vo.  voU.,  oootaining  1300  page*.     Cloth,  $6. 

A    MANUAL  OF  CHEMICAL   PHYSIOLOGY.     In  ene   T«r7 

handsoDie  bvo.  vol.  of  336  pages.     Cloth,  |2  16. 

LAWSON  (OEORGE).  INJURIES  OF  THE  EVE,  ORBIT.  AND  EYE- 
LIDS,  with  about  100  illustration*.  From  the  last  English  adition. 
In  one  handsome  6to.  vol.     Cloth,  $3  60. 

LUDLOW  (J.  L.)  A  MANUAL  OF  EXAMINATIONS  UPON  ANA- 
TOMY. PHYSIOLiiliY,  SUROERV.  PRACTICE  OF  .MEDICINE. 
OBSTETKIfS.  MATERIA  MEDICA.  CHEMISTItY.  PU.fkM  ACY, 
AND  TUEKAPEUTICS.  To  which  u  added  a  MAlicat  Funnulary. 
Third  edition.  In  uoe  royal  13mo.  vol.  of  over  BOO  pages.  Clolh. 
$3  36;  leather,  $3  75. 

LYNCH  (W.  F.)     A  NARRATIVE  OF  THE  UNITED  STATES  EX- 
PEDITION TO  THE  DEAD  SEA  AND  RIVER  JORDAN.     In  on* 
large  oetavovol.,  with  28  beaotifal  plates  and  two  maps.    Clolh.  $3. 
■  Same  Work,  condensed  edition.   One  vol.  royal  l3mo.    Cloth,  $1. 

LYONS  (ROBERT  D.)  A  TREATISE  ON  FEVER.  In  one  neat  8v«. 
vol.  of  363  pages.     Cloth,  $3  36. 

MEI08  (CHAft.  D).  ONTHENATURE.SIONS.  ANDTREATMBNT 
OF  CHILDUED  FEVER.  In  one  Bvo.  vol.  of366psgei  Cloth.  %2. 
MILLER  (J  AMES).  PRINCIPLES  OF  SURliERY.  Fr>orth  American, 
from  the  third  Edinburgh  edition.  Id  one  large  8vo.  vol.  of  700 
pages,  with  240  illaatratiuns.     Cloth,  $3  76- 

THE   PRACTICE  OF  SURtfERY.     Fourth  Americaa,  from  iht 

last  Edinburgh  edition.     In  one  large  8to.  vol.  of  700  pages,  with 
3rt4  illutlrations.     Cloth,  $3  76. 

MONIUOMERY  (W.  F.)  AN  EXPOSITION  OP  THE  SIGNS  AND 
SYMPTOMS  OF  V^EO^K^CY.  From  the  seoond  English editioo 
In  one  bandtome  Bto.  to\.  ot  uavrX^  ^M*&  \mg^-    ^VA^,  %t  Ti. 
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LLEJt  (J.)     PRINCIPLES  OF  PnVSICS  AND  METEOROLOGY. 

In  nnt!   Urge  Bvo.  rol.  wHh  5&0  wood-oalii,  and  two  colored  plalee. 
Olotb.$4&0. 

'IBABEAV;  A  LIFE  niSTORT.     In  on*  tSmo.  rol.     Cloth,  75 oU- 

ACFARLAND'6  TURKEY  AND  ITS  DESTINY.     In  3  vols.  tojuI 

12mo.     i.rioth.  $2. 
AR3H  (MRS.)     A  HISTORY  OF  THE  PROTESTANT  RKFORMA. 

TION  IN  FRANCE.     In  2  voI«.  royal  13mo.     Cloth.  $2. 

NEILL  (JOHN)  AND  SMITH  (FHANCIB  O.)  COMPENDIUM  OF 
THE  VARIOUS  BRANCHES  OF  MEDICAL  SCIENCE-  In  one 
bnndiinnie  l2ino.  toI.  of  about  1000  pages,  with  374  wood-«aU. 
Clolb.  $4  :  leather,  raUed  bandi,  $4  76. 

'LEBRIP'B    MANUAL    OF   OPHTHALMIC    MEDICINE.      In 
one  royal  12nio.  toI.  of  abool  360  pp.     {Preparing.) 

ILAYFAIR  (W.  8.)  A  TREATISE  ON  THE  SCIENCE  AND  PRAC- 
TICK  i>V  MIDWIFKHY.  Sneond  Am  from  the  Pecond  EnglUh 
EUiliuD.  Edited,  with  Additiotif,  by  R.  P.  Harris,  MD.  In  on* 
bindiouifl  octavo  rol.  of  037  pftgoi,  with  1R2  illoslralions  and 
two  plalei.     Cloth,  $4:  leather,  9&.     (Juai  issued  ) 

>AVY  (F.  W.)  A  TREATISE  ON  THE  FUNCTION  OF  DIOKBTION, 
ITS  DISORDERS  AND  THEIR  TREATMENT.  Fruui  the  second 
London  ed.     In  one  8to.  rol.  of  24npp.     Cloth,  $2. 

A  TREATISE  ON  FOOD  AND  DIETETICS,  PHYStOLOOI- 
CALLY  AND  THERAPEUTICALLY  CONSIDERED.  In  one  neat 
octavo  rolume  of  about  600  pngea.      Cloth,  $4  76.      {Just  itsuttf.) 

PAHRI8H  (EDWARD).  A  TREATISE  ON  PHARMACY.  With  many 
Foriuulieuod  PreBorlptionti.  Foarth  edition.  Enlarged  and  ihoroaghly 
revised  by  Thomas  S.  Wiegand.  In  one  handsome  8tp.  vol.  of  M77 
pngeii.  with  ZNO  illai.     Cloth,  fb  50  ;  leather,  9C  50. 

piRRlE  (WILLIAM)      THE  PRINCIPLES  AND  PRACTICE  OF  SDR- 
■^     GERY.     In   one  hAndBome  octavo  rolume  of  780  p&ge«,  with  816 
UluflrAtionft      Cloth,  $»  76. 

PULSZKY'S  MEMOIRS  OF  AN  HUNGARIAN  LADY.  In  one  neat 
royal  l2mo   vol.     Cloth,  $1. 

PAGETB  HUNGARY  AND  TRANSYLVANIA.  In  two  royan2rao. 
Tolfl.     Cloth,  $2 

'DEYHOLDS  (J  RUSSELL)      A  SYSTEM  OF  MEDICINE,  with  NoteB 
">    and  AddHioni.  by  IIkmrt  IlAnTSiioRitK,  M  D.     In  thrre  Urge  8ro. 

roll.,  aontiiiningnboul  3000  closely  [trinled  donble-ooluuned  p*gM, 

with  many  iUu^ratlons.      {In  Prut.) 

RSHSEN  (IRA)  THE  PRINCIPLES  OF  CHEMISTRY.  In  one 
handrmnip  12mo  vol.  Cloth,  $1  60.  (Jtirt  itrutd.) 
ROBERTS  (WILLIAM).  A  PRACTICAL  TREATISE  ON  URINARY 
AND  RENAL  DISEASES.  A  lecond  American,  from  the  eecond 
Lonilon  edition.  With  numerous  illuitmltoni  and  a  colored  plate. 
In  nne  rery  handflome  8to.  rol    of  010  pages.     Cloth,  %A  60. 

RAMSBOTHAM  (FRANCIS  H.)  THE  PRINCIPLES  AND  PRAC- 
TICK  OF  iJllKTETRIC  MEDICINE  AND  SURGERY.  In  one  im- 
perial  6vo.  vol.  of  060  pngeit,  with  04  plates,  lieaides  nameroua  wood- 
outs  in  the  text.     Strongly  boand  in  leather,  $7. 

RAHKE'S  HISTORY  OF  THE  TURKISH  AND  SPANISH  EMPIRES 
in  the  I6(h  and  beginning  of  ITtfa  Century.     In  one  bra.  voluwr, 
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EAinCE'8    HISTORY  OP  THE    REFORMATION    IN  OBRMANT. 
P.^rlfl  1..  H..  III.     In  ont  vol.     Cloth.  $1. 
RIOBY  (EDWASD).     A  8Y.STEM  UF  MIDWIFERY.     Seennd  Ain«ri- 
cnn  eJKIon.    In  on»hAn<1soin«  8vo.  vol.  of -132  pse«f>.    Cloth,  f  S  iO. 
SEIIBB  (CARL)      HANDBOOK  OF  DlAaNOSIS  AXD  TREATMENT 
OP  DISEASES  or  TIIBTHKOAT  AND  NASAL  CAVITIES.     la 
one  small  12mo.  rot  .  with  illuilmtioai.    Cloth,  $\.     (JV«i«  RMtif,) 

S CHAFER  (EDWARD  ALBERT).  A  COURSE  OP  PRACTICAL  HIS- 
TOLOOV  :  A  Miinaul  of  the  MicrDfi«ope  for  Medicnl  SludenU.  In 
iitirhsn«i80[ueoota\'u  vul.   WithuiAOjiUust.  Cloth,  $2.    (./wjr  yjiiMd^.) 

SMITH  (HENRY  H.)  AND  HORITER  (WILLIAM  E.)  ANATOMICAL 
ATLAS.  niafttrAttveorihefitruottireoflhe  Hnman  Bodv.  Inunelarg* 
itnpvrinl  Hvo.  vol.,  with  about  660  b«niitiful  flgorrf.     Cloth.  $4  &0. 

STIHSOH  (LEWIS  A.)  A  MANUAL  OP  OPERATIVE  SUROERT. 
Id  nnit  v«r,v  han<l<>Dme  roy&I   12mD   volume  of  iHS  p&gu,  with  S2S 

itln<itratioiiit.     Cluth,  f2  60.      [Ju»t  ismrJ) 

S WAYNE  (JOSEPH  GRIFFITHS).  OBSTETRIC  APHORISMS.  A 
nrw  Ainericiin,  from  tho  Rfth  revived  English  edition-  With  addi- 
tions by  B.  R.  Uatchinn,  M.D.  In  one  •mall  12mo.  tdI.  of  177  pp., 
with  ilIuBlrationB.     Cloth,  $1  36. 

STUR0E8  (OCTAVITJS).  AN  INTRODUCTION  TO  THE  STUDY 
OF  CLINICAL   MEDICINE.      In  on*  l2mo.  vol       Clulh.  $135. 

OMITH  (EUSrACE).  ON  THE  WASTING  DISEASES  OF  CHILDREN 
•^     Second  American  edition,  enlarged.     In  one  6vo.  toI.     Ctuth,  $'i  60- 

SARGENT  (F.  W.)  ON  BANDAGING  AND  OTHER  OPERATIONS 
OF  MINOR  SURtiERY.  Nrw  edition,  with  an  additional  chapter 
on  Militarj  Surgery.  In  one  handflome  royal  12bio.  vol.  of  nearlj 
4(in  ptiges,  with  164  woodcuts.     Cloth,  $1  7b. 

SMITH  (J.  LEWIS).  A  TREATISE  ON  THE  DISEASES  OF  IN- 
FANCY AND  CHILDHOOD.  Fourth  Edition,  rertaed  and  enlnrsed- 
In  one  lar}{e  8vii.  vuluuie  of  7AH  piiges,  with  ilhistrntiunn.  Cloth, 
$>  b\);  leather,  ib  bO.     {NowrMtly.) 

SHARPEY  (WILLIAM)  AND  QUAIN  (JONES  AND  RICHARD). 
IlUiMAN  ANATOMY.  With  notes  and  additionr  by  Jos.  Lt-idy. 
M.lt.,  Prof,  of  Anatomy  in  the  Univer5tty  of  Pennitylvanta.  In  two 
large  dro.  rots  of  about  1300  pagen,  with  61 1  illastraCioos.     Clotb,  $S. 

SCHMITZ  AND  ZUMPT'S  CLASSICAL  SERIES.     In  royal  IStuo. 
CORNELH  NEPOTIS  LIBER  DE   EXOELLENTIBt'S  DUCIBUS 
EXTKRARUM  UICNTIUM.  CUM  VITIS  CATONIS  KT  ATTICI. 
With  nntpK,  Ao.      Price  in  nloth,  (10  nents;  half  bound.  70  et». 
C.  C.  SALLUSTII  DE  BELLO  CATILINARIO  ET  JUOUUTHINO- 
With  Dotes,  map.iibc.     Price  inoloth,  HOeents;  half  bonnd,  70  eentd- 

Q.  CURTII  RUFII  DE  OESTIS  ALEXANDRI  MAGNI  LIBRI  VIII. 

With  notes,  uinp,  Ac.      Price  in  rliilh.  80  cents  ;  half  bound,  UU  oenla. 
P.  VIRUILII   MARONIS   CAHMINA  OMNIA.     Prioa  in  oloib,  S5 

oents;  half  bonnd,  $1. 
M.  T.  CICKKONIS  ORATIONES  SELECTS  XIL     With  noUs.  A«. 

Price  in  otuth,  70  cents  \   bulf  bound,  80  cents* 
ECLOO.S  EX  Q.  HOIUTII  FLACCI  POKMATIBCS.     With  Dot«a, 

Ac.      Prine  in  rlnth,  70  onnts;    half  bound,  HO  cents. 
ADVANCED    LATIN    EXERCISES,     WITH     SELECTIONS    FOR 
READING.     Revised.     Cloth,  price  fto  cents  ^  half  bound.  70  eenu. 
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SKET  (FBEDERIC  C.) 
of  over  850  pag?*, 


OPRRATIYB  BnRQBRT.    In  on*  Bvo.  rot. 
rtlb  obiiut  100  wnod-cuU.     Cloth,  93  3&. 

SLADE  (D-  D,)  DIPHTHERIA  ;  ITS  NATURE  AND  TRBATMENT- 
Beconil  uililiun.  In  one  neat  rojal  12tno.  vol.  Cloth,  fl  3& 
SKITH  (KDWARD).  CONSUMPTION ;  ITS  EARLY  AND  KKMK- 
DIAIILE  STAGES  In  ono  Svo.  vol.  of  354  pp.  Cloth,  $2  2&. 
STILLE  (ALFRED).  THERAPEUTICS  AND  MATERIA  MEDICA. 
Fourth  vdiLiuB.  reri^cit  nud  vntargfld.  In  two  large  and  handfome 
Tolumeff  8vo      Cloth,  $10;  leather,  $12.     {Jtist  ijsutfi.) 

STILLE  (ALFRED)  AND  MAISCH  (JOHN  K)  THE  NATIONAL 
DISPENSATORV:  Embracing  the  ChemUtrv,  BoUmy,  Mftierla 
Medioti.  Phamaoy,  Pb»riu«codjrnftmio#,  krid  Thtrftpfutios  ot  Ibe 
PbftrmaonpCDtaa  of  tb«  United  Slato  and  (ireiit  DrKain.  F<ir  the 
Use  of  PhyiioianR  and  Pb«rmaceat)fltii.  Seeund  edition,  rrriscd 
And  enTarRed.  In  one  handfloiDr  Uro  to).,  of  1(180  imgtfl.  with  33V 
illufiratiuiis.  Clutb,  $<\  TU  .  \vnlhcr,  $7  50.  (iVotc  r<wi/y.» 
QHALL  BOOKS  ON  GREAT  SUBJECTS.     In  3  vols.    Ololh,  |l  &0. 

SCHOEDLFR  (FREDERICK)  AND  MEDLOCK  (HENRY).  WONDERS 
OF  NATURE.  An  elementary  introduction  to  the  Soienoei  of  Pbjaio, 
AKtronomy,  Cheoiiiilry,  Mineralogy,  Geology,  Botany,  Zoology, 
and  Phyiiology.  Tmnslaied  froai  the  Oerman  by  U.  MedJook.  In 
one  Dt«nt  Svo.  vol.,  with  A'O  illuntniiions.  Cloth,  $3. 
OTOKES  (W)     LECTVRKb  ON  FEVER.    Inone  Bto.  *ol.    Cloth.  $3. 

STRICKLAND  (AGNE8).  LIVES  OP  THE  QUEENS  OF  HENRY 
THE  VIII.  AND  OF  HIS  MOTHER.  In  one  crown  octavo  vol., 
•xira  cloth,  91;  bluck  oloth,  90  oents. 

MEMOIRS  OF  ELIZABETH,  SECOND  QUEEN  REQNANT  OF 

KNO LAND  AND  IRELAND.  In oneorown  uclaro  vol.,  vitrn cloth, 
91  40,   black  cloth,  $1  30. 

TANNER  (THOKAS  HA WKES)  A  MANUAL  OF  CLINICAL  MEDI- 
CINE  AND  PHYSICAL  DIAUN081S.  Third  Amerioon  from  th« 
■eeund  revised  Engluh  edition.  Edited  by  Tilhary  Fox,  M.  D.  lo 
one  handsome  12mo.  volume  of  386  pp.     Clutb.  $  I  60, 

ON   THE  8IUNK  AND  DISEASES  OF  PREdNANCY.     From 

the  «euotid  Eogtixb  editinii.  With  four  colored  plntei  and  niimeruBi 
Illustrations  ud  wood.  In  one  vol.  tlTo.  of  about  600  piures.  Cloth 
$4  25. 

TtTKP  (DANIEL  HACK).    INFLUENCE  OF  THE  MIND  UPON  THE 
BODY.     In  one  bandfome  Bvo   vol.  of  410  pp.    Cloth,  $3  2&. 
TAYLOR    (ALFRED    S.)     MEDICAL    JVKISPRUDENCE.     Beventh 
American  edition.     Edited  by  John  J.  Reeie,  M.D.     In  one  Urga 
Svo.  volume  of  879  pnges.     Cloth.  96:  le«lher.  $0.     {Juit  xBtui'd.) 

PRINCIPLES  AND   PRACTICE   OF   MEDICAL  JDRISPRD- 

DENCE.  From  the  Second  Euglish  Edition.  In  two  Isrge  dvo. 
rols.     Cloth,  910  j  leather,  $12.     [Jutt  i$$ued.) 

ON  POISONS  IN  RELATION  TO  MEDICINE  AND  MEDICAL 

JURISPRUDENCE.  Third  American  from  the  Third  London  Edi- 
iion.  1  vol.  8vo.  of  78B  pages,  with  104  illaslralioas.  CloLb.  %i  &0  ; 
lektber,  9A  60.     (jNjr  usH»d.) 

rOMAS  (T.  OAILL^RD).  A  PRACTICAL  TRKATIRK  ON  THE 
DISEASES  OF  FEMALES.  Fourth  oditinn,  thoroughly  r«vi-etl. 
Inone  litrge  and  handsome  oolavo  Tolnroe  of  ttOI  pagt«,  Willi  191 
iUasUatioDs.     Cloth.  96  00;  leather.  90  00.     {JuMtMtuU.) 
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TODD  {ROBERT  BEKTLET).    CLINICAL  LECTURES  ON  OERTA 
ACUTE  DISEASES.    In  on«  toI.  8to.  of  320  pp..  oloih.  $2  SO 
THOMPSON  (SIR  BENBY).   THE  PATHOLOGY  AND  TRBATME 
OFSTRUTTUKKOKTUK  URETHRA  ANDORINARY  FISTl'L*. 
From  thi  third  Enxliah  rditiun.     In  one  8ro.  toI.  of  .^59  pp.,  wiUi 
UluHtratiuQs.     Cinth,  $.1  dO, 

THOBCrsON  (SIB  HENRY).    CLINICAL  LECTURBB  ON  DISEAS 
OF  THE  URINARY  ORGANS.     Second  anJ  rerUed  •dUion. 
ona  Svo.  volamr,  with  lUudratioDS.    Cloth,  $2  35.     {Jtttt  isiut4%] 

AL8HE  (W.  H.)     PRACTICAL  TKKATISB  ON  THE  DISRASI 
OF  THE  HEART  AND  GREAT  VKSiiELS.     Third  Amerlcwi  froi 
the  third  revUed  London  edttloD.    Id  one  dro.  rol.  of  420  pi 
Cloth,  %3. 

WATSOH  (THOKAB).  LECTURES  ON  THE  PRINCIPLES  Al 
PRACTICE  OF  PHYSIC.  A  n«w  AtuericAn  rroto  the  BAh  and  eo- 
largrd  English  rdUion,  with  adililionn  bjr  H.  Hurt«borue.  M  D  In 
two  (urge  And  hiLodsumv  octavo  voluiDeB.     Clulh,  $9  ;  leather,  $1 1- 

WOHLER  8  OUTLINES  OF  ORGANIC  CHEMISTRY.  TraneUted 
frnm  the  8th  German  cdEtion,  by  Ira  Remsen,  M.D.  In  one  utAl 
Utno.  vol.     Cloth,  $8  00.     {fM.uljfistu«d.) 

WELLS   (J    80ELBEBG).    A  TREATISE  ON  THE  DISEASES  01 
THE  KVE.     Third  edition,  revised  by  the  HUthnr.     Id  one  large  »i 
kntidpuiiie  ootavo  vol.,  with  0  oolored  plalee  and  many  wood-cull,' 
aIbv  flcleotionB  frvm   ibv  tvettypee  of  Jaeger  and  Snellen,      c^** 
panug) 

WHAT  TO  OBSERVE  AT  THE  BEDStDE  AND  AFTBK  DEATH 
IN  MEDICAL  CASES.    In  one  royal  I2uio.  toI.     Cloth,  $1. 

WEST  (CHARLESI.  LECTURES  ON  THE  DISEASES  PECULIAR 
TO  WOMEN.  Third  Americun  from  the  Third  English  editiuu.  Ii 
one  octavo  volntne  uf  &&0  pages.     Clotb,  |3  75  ;  leather,  $4  7d, 

LECTURES  ON  THE  DISEASES  OF  INFANCY  AND  CUIL 

HOOD.  Fifth  American  from  the  RUth  revised  English  edition.  la 
one  large  bvo.  vol.  of  A70  eloaely  printed  page*.  Cloth,  $4  &U  ,  lea- 
ther, %it  60.     {Jittt  issued. i 

ON    SOME   DISORDERS   OP   THE  NERVOUS  SYSTEM   IN 

CHILDHOOD.  From  the  London  Edition.  In  one  «maJl  I3mo. 
volume.    Cloth,  $1. 

WILLIAMS  (CHAKLEB  J.  B.  and  C  T.)  PULMONARY  CONSUMP- 
TION :  ITS  NATUKli,  VARIETIES,  AND  TREATMENT.  la 
one  neat  oelavo  volume.     Cloth,  $3  &0, 

WILSON  (ERABMTTS).    A  SYSTEM  OF  HUMAN  ANATOMY, 
new  and  revised  American  from  the  Itut  English  edition.    Illuiitra 
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